
metal-organic compounds

m478 # 2002 International Union of Crystallography DOI: 10.1107/S0108270102014026 Acta Cryst. (2002). C58, m478±m480

Tetraaqua-1j4O-bis("""-capro-
lactam-1jO)-l-cyano-1:2j2N:C-
pentacyano-2j5C-iron(III)yttrium(III),
a novel cyano-bridged dinuclear
complex

Bei Chuan Zhou,a Hui-Zhong Kou,a* Yi He,a Ming Xiong,b

Ru-Ji Wanga and Yadong Lia

aDepartment of Chemistry, Tsinghua University, Beijing 100084, People's Republic

of China, and bGeosciences Laboratories, China University of Geosciences,

Beijing 100083, People's Republic of China

Correspondence e-mail: kouhz@mail.tsinghua.edu.cn

Received 9 July 2002

Accepted 6 August 2002

Online 21 August 2002

Using caprolactam as a ligand, the novel title cyano-bridged

yttrium(III)±ferricyanide complex, [Y(caprolactam)2(H2O)4-

Fe(CN)6] or [FeY(CN)6(C6H11NO)2(H2O)4], has been synthe-

sized and structurally characterized. The Y atom is seven-

coordinate and has approximately pentagonal±bipyramidal

stereochemistry, with water molecules occupying apical

positions. Of the ®ve ligands in equatorial positions, one is

the N-bound bridging cyano group, and ¯anking this are two

O-bound caprolactam moieties, which are markedly inclined

towards the bridged ferricyanide moiety such that they

partially envelop it. Water molecules occupy the remaining

two equatorial positions. The YÐNÐCÐFeÐCÐN sequence

of atoms lies on a crystallographic twofold axis and is

therefore perfectly linear, which has not been observed

previously in cyano-bridged bimetallic complexes.

Comment

Cyano-bridged Prussian Blue complexes have been widely

studied in the past. Recently, a growing trend in this ®eld has

been to prepare lanthanide±transition-metal complexes,

because of their fascinating applications as catalysts (Amer &

Alper, 1989) and semi-permeable solid membranes to desali-

nate sea water (Mullica & Sappen®eld, 1991), as well as as

precursors of electroceramic materials (Sadaoka et al., 1996),

and chemical sensor materials and oxide fuel cells (Minh,

1993). The most attractive property of lanthanide±transition-

metal complexes is their magnetism. A series of cyano-bridged

three-dimensional lanthanide hexacyanometallates, [LnM-

(CN)6]�nH2O (M is FeIII or CrIII, n = 4 or 5), were synthesized

and the ferrimagnetic ordering observed in 1976 (Hulliger &

Landolt, 1976). Very recently, many analogous Prussian Blue

4f±3d complexes with interesting zero- and three-dimensional

structures have been synthesized by incorporating betaine

(Yan et al., 2001), 2,20-bipyrimidine (Ma et al., 2001),

2,20-dipyridyl N,N0-dioxide (Gao et al., 1999), dimethylform-

amide (Kou et al., 1998; Kou, Gao & Jin, 2001; Kou, Gao, Sun

& Zhang, 2001; Combs et al., 2000; Figuerola et al., 2001),

dimethyl sulfoxide (Yang et al., 2001), urea (Kou, Gao, Li et al.,

2002) and pyrrolidone (Kou, Gao & Wang, 2002; Sun et al.,

2002) as organic ligands.

Caprolactam (capro) has been shown to act as a useful

ligand in the construction of 4f±3d complexes, for example,

one-dimensional [Gd(capro)2(H2O)4Cr(CN)6]�H2O (Kou,

Gao, Li et al., 2002). Bearing in mind that the introduction of

larger numbers of ligands always leads to lower-dimensional

complexes, we attempted to prepare a Y±capro±Fe complex

with a Y:capro molar ratio of 1:4. Unexpectedly, however, we

obtained the title cyano-bridged bimetallic complex, (I).

As shown in Fig. 1, the Y atom in (I) is seven-coordinate and

has approximately pentagonal±bipyramidal stereochemistry,

with water molecules O3 and O3i [symmetry code: (i) ÿx, y,
1
2 ÿ z] occupying apical positions. Of the ®ve ligands in

equatorial positions, one is the N-bound bridging cyano group,

and ¯anking this are two O-bound caprolactam moieties,
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Figure 1
A view of (I) with the atom-labelling scheme. Displacement ellipsoids are
drawn at the 30% probability level and H atoms are shown as small
spheres of arbitrary radii. Only the major component of the disordered
atom C5 is shown. [Symmetry code: (i) ÿx; y; 1

2ÿ z.]



which are markedly inclined towards the bridged ferricyanide

moiety such that they partially envelop it. Water molecules

occupy the remaining two equatorial positions. The two

monodentate caprolactam molecules are in cis positions, with

an O1ÐYÐO1i angle of 159.24 (10)�. The YÐN4ÐC4ÐFeÐ

C1ÐN1 sequence of atoms lies on a crystallographic twofold

axis. To our knowledge, this perfectly linear cyano-bridging

linkage has not been observed previously in other cyano-

bridged complexes.

The YÐOwater bond lengths (YÐO2 and YÐO3) are a little

longer than the YÐOcapro bond length (YÐO1; Table 1). The

YÐN4 bond length is a little shorter than the GdÐN bonds in

[Gd(capro)2(H2O)4Cr(CN)6]�H2O (2.505 and 2.501 AÊ ; Kou,

Gao, Li et al., 2002), which may be due to the difference in the

radii of the two lanthanide ions.

The geometry of the [Fe(CN)6]3ÿ ion in (I) is approximately

octahedral, with FeÐC bond distances in the range 1.930 (3)±

1.937 (3) AÊ and CÐFeÐC angles in the range 89.09 (8)±

90.91 (8)�. The average C N bond length of 1.143 AÊ is in

accord with the sum of the triple-bond radii of C and N atoms

(0.603 and 0.55 AÊ , respectively; Pauling, 1960). The FeÐCÐN

angles are almost linear and range from 178.1 (3) to 180�.

Experimental

Since K3[Fe(CN)6] has a tendency to decompose on heating and

under irradiation, the synthesis of (I) was performed at room

temperature and the crystallization was carried out in the dark. A

solution of K3[Fe(CN)6] (65.8 mg, 0.2 mmol) in water (5 ml) was

added to an aqueous solution (5 ml) of YCl3�6H2O (60.7 mg,

0.2 mmol) and caprolactam (90.4 mg, 0.8 mmol). The mixture was

®ltered and slowly evaporated, producing yellow single crystals of (I)

(yield 30%).

Crystal data

[FeY(CN)6(C6H11NO)2(H2O)4]
Mr = 599.26
Monoclinic, C2=c
a = 14.006 (3) AÊ

b = 12.951 (3) AÊ

c = 15.011 (3) AÊ

� = 104.15 (3)�

V = 2640.3 (10) AÊ 3

Z = 4

Dx = 1.508 Mg mÿ3

Mo K� radiation
Cell parameters from 4518

re¯ections
� = 2.4±32.0�

� = 2.78 mmÿ1

T = 293 (2) K
Block, yellow
0.30 � 0.26 � 0.18 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 2000)
Tmin = 0.445, Tmax = 0.606

12 364 measured re¯ections

4853 independent re¯ections
3691 re¯ections with I > 2�(I)
Rint = 0.038
�max = 33.5�

h = ÿ19! 20
k = ÿ16! 19
l = ÿ22! 13

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.044
wR(F 2) = 0.087
S = 1.06
4853 re¯ections
161 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0132P)2

+ 5.7178P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 0.81 e AÊ ÿ3

��min = ÿ0.55 e AÊ ÿ3

The coordinates of the H atoms of the water molecules were found

from difference Fourier maps and were normalized to have an OÐH

distance of 0.85 AÊ . H atoms bound to C and N atoms were also visible

in difference maps, and were placed using the HFIX command in

SHELXL97 (Sheldrick, 1997) and re®ned as riding atoms, with CÐH

distances of 0.96±0.97 AÊ and NÐH distances of 0.86 AÊ . During the

re®nement, there was a high peak (2.0 e AÊ ÿ3) in the vicinity of atom

C5 (1.2 AÊ ), indicating the presence of a degree of disorder about this

C atom. A treatment for disorder was applied and the re®nement

gave occupancies for C5 and C50 of 0.82 and 0.18, respectively.

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

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

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

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

PLATON (Spek, 2002); software used to prepare material for

publication: SHELXL97.
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: TA1385). Services for accessing these data are
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