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The iodine-bridged iodo(pentamethylcyclopentadienyl)iron
dicarbonyl complex, [(�5-C5Me5)Fe(CO)2I–I]2 (1) has been
synthesized and characterized by single crystal X-ray diffraction
method, IR spectroscopy, and 57Fe Mössbauer spectroscopy.

Currently, there is much interest in the synthesis of materials
possessing desired crystalline architectures as well as physical
and electrochemical properties.1 Chalcogen–chalcogen and hal-
ogen–halogen interactions as well as coordination bonds and hy-
drogen bonds can be used to control the organization of molecule
in the solid state and have been used in crystal engineering and
supramolecular design.2 Especially, halogen atoms such as
iodine, bromine, and chlorine have ability for assemblies by
intermolecular interaction.3 Our group has reported various
biferrocenium polyiodide salts.4 We have found interesting,
various crystal structures and electronic states. Namely, redox-
active supramolecules will be able to generate a novel redox
system. Herein, we report the novel crystal structure of iodine-
bridged piano-stool iron complex, [Cp�Fe(CO)2I–I]2 (1), where
Cp� stands for �5-C5Me5, and its electronic state compared with
Cp�Fe(CO)2I by using IR and 57Fe Mössbauer spectroscopy.

1 was synthesized by mixing iodine into dichloromethane
solution of Cp�Fe(CO)2I

5 in a ratio of 1:1. The solution was
left under hexane atmosphere at room temperature for several
days and single crystals were obtained.6 The single crystal of
Cp�Fe(CO)2I was obtained by the same method. All measure-
ments were performed by using single crystal samples.

Figure 1 shows ORTEP drawing for 1 at room temperature.7

It can easily be seen that iodine atoms of the two Cp�Fe(CO)2I
are bridged by iodine molecule and this structure is symmetrical
at the center of bridged iodine. The I–I distance between linking
iodine atom in Cp�Fe(CO)2I unit and that in bridging iodine
molecule is 3.392(1) �A. This distance is shorter than the sum
of van der Waals radii of two iodine atoms. The Fe–C(CO) dis-
tances in 1 are 1.77(1) and 1.80(1) �A and the C–O distances of
carbonyl groups are 1.15(2) and 1.08(1) �A, respectively. The
average Fe–C(CO) distance in 1 is slightly longer by 0.02 �A than
that of Cp�Fe(CO)2I, on the other hand the average C–O bond in
1 is shorter by 0.02 �A.8 While, the average of Fe–C(Cp�) dis-
tance in 1 is 2.116(4) �A, which is slightly longer than that in
Cp�Fe(CO)2I (2.103(2) �A). Although each iron–carbon distance
is different from Cp�Fe(CO)2I, the Fe–I distances are almost the
same (Cp�Fe(CO)2I: 2.6050(9), 1: 2.602(2) �A).

IR spectra for 1 and Cp�Fe(CO)2I revealed almost the
same features except for carbonyl stretching bands. Accordingly,
we pay attention to the range of 1800–2200 cm�1, which is

shown in Figure 2. The carbonyl stretchings for 1 are larger
by �7 cm�1 (Cp�Fe(CO)2I: �CO ¼ 1957, 2007 cm�1 1: �CO ¼
1965, 2014 cm�1). The result is in consistent with the result of
X-ray analysis, i.e., the C–O bonds of 1 are shorter than those
of Cp�Fe(CO)2I.

Figure 3 shows 57Fe Mössbauer spectra for 1 and
Cp�Fe(CO)2I at room temperature. Only one doublet is detected
in 57Fe Mössbauer spectra in both samples. The isomer shift
(I.S.) values of 1 and Cp�Fe(CO)2I are 0.126 and 0.124mm s�1

(relative to �-Fe) and the quadrupole splitting (Q.S.) values are
1.958 and 1.954mm s�1, respectively. It is well known that the
I.S. value reflects metal s-electron density and the Q.S. value re-

Figure 1. ORTEP drawing for 1, showing 50% probability
displacement ellipsoid. Hydrogen atoms are omitted for clarity.

Figure 2. IR spectra for 1 and Cp�Fe(CO)2I in the range of
1800–2200 cm�1.
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flects symmetry around iron atom. In the piano-stool iron dicar-
bonyl complexes, the decreasing I.S. values reflect an increasing
s-electron density at the iron nucleus and the Q.S. values are al-
most invariant.9 The I.S. and Q.S. values for 1 and Cp�Fe(CO)2I
are almost the same to each other and are similar to those of
Cp�Fe(CO)2Cl.

9c The Q.S. values for 1 and Cp�Fe(CO)2I are
slightly smaller than that of {Cp�Fe(CO)2}2 (I.S. ¼ 0:123,
Q.S. ¼ 2:109mms�1), suggesting an effect of iodine introduc-
tion. Systematic study of Fe–P(E)YZ (E ¼ O or S; Y, Z =
alkoxy, amino, or phenyl) revealed that a certain ratio of the
electron density afforded by � donation from P(O)(OMe)2 to
Fe is equally donated to two CO ligands and the invariance of
the Q.S. values has been attributed to the role of iron atom as
the transit of the effect of donor or acceptor character from
one ligand to the CO ligand.9c In the present case also, the effects
of the introduced iodine molecule in 1 is transferred to CO
ligands via iron atom. It is well known that the �-back donation
from a filled d orbital of a transition metal to an empty �� orbital
of a CO ligand causes a decrease in �CO. It is considered that the
decrease in this�-back donation in 1 is due to the introduction of
iodine molecule.

In conclusion, we synthesized novel iodine-bridged piano-
stool complex and determined the crystal structure. The bridged
iodine affected the CO bond via iron atom, while the iron atom
itself was not affected.

We thank Prof. K. Inoue of Hiroshima University for
supporting X-ray structural analysis.
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Figure 3. 57Fe Mössbauer spectra for 1 and Cp�Fe(CO)2I at
room temperature.
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