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The structure of the title compound, [EuFe(CN)6(DMF)4-

(H2O)3]�H2O (DMF is dimethylformamide), is comprised of a

neutral bimetallic complex EuFe(CN)6(DMF)4(H2O)3 and a

solvent water molecule. Approximately octahedral sixfold-

coordinated FeIII and a slightly distorted square-antiprismatic

eightfold-coordinated EuIII ions are bridged by a cyanide

group to form a dinuclear complex. A three-dimensional

framework is formed through OÐH� � �N and OÐH� � �O
hydrogen-bonding interactions.

Comment

Kou et al. (1998) ®rst obtained a dinuclear cyano-bridged Ln±

Fe complex, [SmFe(CN)6(DMF)4(H2O)4]�H2O (DMF is di-

methylformamide), using Sm(NO3)3 as starting material.

Later, in 2000, the group of Kautz reported ferricyanide

bimetallic complexes of lighter and heavier rare-earth ions

[LnFe(CN)6(DMF)4(H2O)3]�H2O (Ln = La, Ce, Er, Yb and

Lu; Kautz et al., 2000; Mullica et al., 2000). It is interesting that

various amounts of coordinated water molecules have been

found in these complexes. When Ln = Sm there are four

coordinated water molecules in the complex; however, when

Ln = La, Ce, Er, Yb and Lu, three coordinated water mol-

ecules are found. In order to further investigate the in¯uence

of lanthanide contraction on the composition and structure of

such complexes, we synthesized a dinuclear Fe±Eu complex,

viz. [EuFe(CN)6(DMF)4(H2O)3]�H2O, (I), the crystal struc-

ture of which is reported here.

As shown in Fig. 1, the structure of (I) is composed of

neutral bimetallic EuFe(CN)6(DMF)4(H2O)3 complex mol-

ecules and solvent water molecules. The FeIII and EuIII ions

are bridged by a cyanide group to form a dinuclear complex.

The EuIII ion is eightfold coordinated by one N atom of the

bridging cyanide group [EuÐN = 2.495 (4) AÊ ], four O atoms

of DMF molecules [EuÐODMF = 2.353 (3)±2.649 (3) AÊ , with

an average distance of 2.469 (3) AÊ ], and three water mol-

ecules, for which the three EuÐOwater distances are in the

range 2.204 (3)±2.589 (3) AÊ , with an average distance of
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2.362 (3) AÊ . The coordination polyhedron can be described as

a slightly distorted square antiprism. A similar situation was

found in [Ln(Fe(CN)6(DMF)4(H2O)3]�H2O (Mullica et al.,

2000). The Eu1ÐN1ÐC1 angle is 165.7 (4)�, deviating slightly

from linearity, as was the case in its analog. A three-dimen-

sional framework is formed through OÐH� � �O and OÐ

H� � �N hydrogen-bonding interactions, with O� � �O distances

of 2.748 (3) AÊ and average O� � �N separations of 2.706 (3) AÊ .

Experimental

The title complex was prepared by mixing a 1:1 molar ratio of

EuCl3.H2O (0.5 mmol) and K3[Fe(CN)6] (165 mg, 0.5 mmol) in a

mixed solution of DMF/H2O/EtOH (v:v = 1:2:2). The reaction

mixture was ®ltered and orange single crystals suitable for X-ray

analysis were obtained by slow evaporation of the solvent. Yield =

81%. IR spectra [recorded on an FT±IR 170SX (Nicolet) spectro-

meter, KBr pellet]: 3614, 3380 (broad band center), 2945, 2125, 1653,

1497, 1381, 1115, 675 cmÿ1.

Crystal data

[EuFe(CN)6(C3H7NO)4-
(H2O)3]�H2O

Mr = 728.38
Monoclinic, P21=n
a = 17.633 (4) AÊ

b = 8.8791 (18) AÊ

c = 19.831 (4) AÊ

� = 96.12 (3)�

V = 3087.2 (11) AÊ 3

Z = 4

Dx = 1.567 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 30.1±33.9�

� = 2.54 mmÿ1

T = 293 (2) K
Prism, orange
0.80 � 0.40 � 0.40 mm

Data collection

Rigaku AFC-7R diffractometer
2�±! scans
Absorption correction:  scan

(Molecular Structure Corpora-
tion & Rigaku, 2000)
Tmin = 0.271, Tmax = 0.363

7448 measured re¯ections
7067 independent re¯ections
5832 re¯ections with I > 2�(I)

Rint = 0.050
�max = 31.0�

h = ÿ7! 25
k = ÿ11! 3
l = ÿ22! 22
3 standard re¯ections

every 200 re¯ections
intensity decay: ÿ1.3%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.033
wR(F 2) = 0.095
S = 1.01
7067 re¯ections
344 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0609P)2

+ 3.1152P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.003
��max = 1.64 e AÊ ÿ3

��min = ÿ1.42 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.00100 (17)

Table 1
Selected geometric parameters (AÊ , �).

Eu1ÐO3W 2.204 (3)
Eu1ÐO1W 2.293 (3)
Eu1ÐO11 2.353 (3)
Eu1ÐO41 2.383 (3)
Eu1ÐO31 2.489 (3)

Eu1ÐN1 2.495 (4)
Eu1ÐO2W 2.589 (3)
Eu1ÐO21 2.649 (3)
N1ÐC1 1.142 (5)

C1ÐN1ÐEu1 165.7 (4) N1ÐC1ÐFe1 176.7 (3)

H atoms were located geometrically in calculated positions but

were not re®ned. The maximum and minimum residual electron-

density peaks were 1.97 AÊ from O1W and 0.85 AÊ from Eu1, respec-

tively.

Data collection: MSC/AFC Diffractometer Control Software

(Molecular Structure Corporation, 1999); cell re®nement: MSC/AFC

Diffractometer Control Software; data reduction: TEXSAN;

program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);

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

molecular graphics: SHELXTL (Bruker, 1998); software used to

prepare material for publication: SHELXTL.
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Figure 1
View of the title compound, shown with 30% probability displacement
ellipsoids.
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