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Introduction

The field of charge- (CT) and electron-transfer (ET) salts
that involve either organic molecules, coordination or org-
ACHTUNGTRENNUNGanometallic compounds as components of molecular-based

conductors contains a broad, rapidly expanding class of new
materials that exhibit distinctive properties from those of
isolated molecules or ions.[1]

Owing to the experimental observation that several
homo- and hetero-metallic carbonyl clusters are multivalent
or exhibit electrochemically reversible redox behaviour,[2,3]

we became interested in the properties of their salts with
redox-active countercations, with the hope of assembling a
new class of molecule-based CT or ET salts belonging to the
above categories of materials. The viologens (1,1’-disubsti-
tuted-4,4’-bipyridilium cations) appeared to be suitable can-
didates to act as redox-active countercations, because they
feature 2+ /1+ and 1+ /0 redox changes, and formal poten-
tials (E8’)[4] that are comparable with those of several metal
carbonyl clusters. Moreover, the E8’ of their redox changes
is tuneable as a function of the alkyl substituents and reac-
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tion solvents.[4] Recently, we reported the synthesis and
structure of the formerly uncharacterized [Ag13Fe8(CO)32]

5�

pentaanion, as its ethylviologen radical monocation (EtVC+)
salt.[5] As a further reason of interest, the crystal structure of
this salt displayed stacks of ethylviologen radical cations,
based on a sequence of A-B-A’-B’-A pentamers of twisted
[EtV]C+ units, weakly interacting along the stack. The occur-
rence of CT and ET phenomena in solution and in the solid
state was proposed on the basis of solution and solid-state
spectroscopic observations.[5]

We now report, the results of our investigation of the syn-
thesis and characterization of ethylviologen salts of some
carbonyl clusters, [Fe4Pt(CO)16]

2�, [Fe3Pt3(CO)15]
2� and

[Fe4Au(CO)16]
� . Further investigation has been undertaken

to verify whether formation of contact ion pairs in these
complexes could trigger CT or ET processes and induce con-
ductor behaviour of these inorganic-organic hybrid salts.
Fortuitously, we have isolated for the first time a perfectly
eclipsed [(EtV)C+]2 p-dimer, as its [Fe4Pt(CO)16]

2� salt, that
has triplet-state EPR signals that are clearly evident in the
solid state at room temperature.

Results and Discussion

Synthesis and characterization of the [EtV]2ACHTUNGTRENNUNG[Fe4Pt(CO)16],
[EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF and [EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF
salts : It has been reported that the [Fe4Pt(CO)16]

2� ion[6] un-
dergoes an irreversible one-electron oxidation to
[Fe4Pt(CO)16]C

� with an E8’=++0.01 V (against SCE and also
in all following potentials). The backward response can only
be observed at the highest scan rates, when reduction com-
petes with the decomposition rate. As a result, a solution
lifetime in the 0.1–1 s time range was assigned to the
[Fe4Pt(CO)16]C

� ion.[7] On the basis of the formal potential of
the [EtV]2+/ ACHTUNGTRENNUNG[EtV]C+ redox couple (��0.39 V, in several or-
ganic solvents),[4,5] it appeared reasonable to think that the
purported equilibrium in Equation (1) should not interfere
with the preparation of a [EtV] ACHTUNGTRENNUNG[Fe4Pt(CO)16] salt, owing to
a right-hand DE8’=�0.4 V and an expected value of �10�7
for its equilibrium constant in solution.

½Fe4PtðCOÞ16�2� þ ½EtV�2þ Ð ½Fe4PtðCOÞ16�C� þ ½EtV�Cþ ð1Þ

On the other hand, arbitrary assignment of a DE��0.4 V
to a related equilibrium that occurs in the solid state might
have given rise to a small amount of anion-cation electron
transfer and, therefore, new salt-based conductor materials.[1]

Experimentally, treatment of alkali salts of the
[Fe4Pt(CO)16]

2� ion with [EtV]I2 in a methanol suspension
gives rise to a rather complicated reaction, which unexpect-
edly leads to a blue solution, which separates the [EtV]2-
ACHTUNGTRENNUNG[Fe4Pt(CO)16] salt as a microcrystalline material. Also
formed in this solution are the already known
[Fe3Pt3(CO)15]

2�/C� [8] and [Fe3(CO)11]C
� cluster com-

pounds.[9,10] The formation of the [EtV]C+ radical ion and the
consequent separation of [EtV]2ACHTUNGTRENNUNG[Fe4Pt(CO)16] can only be

derived from occurrence in solution of the equilibrium
shown in Equation (1), even if its equilibrium constant is
very small. Nevertheless, progressive shifting to the right
may be a result of the ready and irreversible decomposition
of [Fe4Pt(CO)16]C

� according to the reaction in Equation (2).

3 ½Fe4PtðCOÞ16�C� !½Fe3Pt3ðCOÞ15�C� þ 2 ½Fe3ðCOÞ11�C�

þ2 ½FeðCOÞ5� þ Feþ CO
ð2Þ

In keeping with this suggestion, after filtering off the less-
soluble [EtV]2ACHTUNGTRENNUNG[Fe4Pt(CO)16] salt from the reaction suspen-
sion, addition of water to the clear blue solution precipitates
[EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF (vide infra), [EtV] ACHTUNGTRENNUNG[HFe3(CO)11]
and [EtV] ACHTUNGTRENNUNG[HFe3(CO)11]2 salts. The conversion of
[Fe3(CO)11]C

� into [HFe3(CO)11]
� by means of hydrogen-ab-

straction from solvent is known.[8]

The above decomposition products have also been ob-
served upon oxidation of [Fe4Pt(CO)16]

2� with other more
powerful oxidizing agents such as tropylium tetrafluorobo-
rate. In such a case, the oxidation of the starting compound
to [Fe4Pt(CO)16]C

� is complete and readily affords the de-
composition products of Equation (2). Protonic acids lead to
the formation of the [HFe4Pt(CO)16]

� hydride derivative,
which is stable enough to be spectroscopically characterized
(ñCO at 2030 (s), 2010 (s), 1990 (s), 1950 (sh) cm�1; dH=
�14.8 ppm; JH–Pt=1255 Hz). [HFe4Pt(CO)16]� slowly decom-
poses on standing into a yet more complicated mixture of
Fe–Pt, Fe and Pt carbonyl clusters, which also include some
[Pt3n(CO)6n]

2� species.[11]

The [EtV]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16] salt was crystallized from ace-
tone and isopropyl alcohol mixtures and characterized by
means of X-ray diffraction studies, IR and EPR spectrosco-
py (see later sections). Also the [EtV] ACHTUNGTRENNUNG[HFe3(CO)11] and
[EtV] ACHTUNGTRENNUNG[HFe3(CO)11]2 salts have similarly been characterized
and their structural data have been deposited. The structure
of the [HFe3(CO)11]

� cluster anion will not be described in
detail owing to the lack of any significant additional features
with respect to the previously reported structure.[12] Some
relevant molecular parameters of the [EtV]C+ and [EtV]2+

ions are given in Table 1, for sake of comparison.
On the basis of the formal potential of the [EtV]2+/ ACHTUNG-

TRENNUNG[EtV]C+ (��0.39 V, in several organic solvents) and
[Fe3Pt3(CO)15]

2�/ ACHTUNGTRENNUNG[Fe3Pt3(CO)15]C
� (��0.31 V) redox cou-

ples,[13] the equilibrium in Equation (3) should exhibit a
much greater constant (�1) than the equilibrium in Equa-
tion (1).

½Fe3Pt3ðCOÞ15�2� þ ½EtV�2þ Ð ½Fe3Pt3ðCOÞ15�C� þ ½EtV�Cþ

ð3Þ

In keeping with this suggestion, solutions of Na2-
ACHTUNGTRENNUNG[Fe3Pt3(CO)15] in methanol turn deep blue upon addition of
[EtV]I2 owing to formation of the [EtV]C

+ radical. Accord-
ingly, IR and EPR monitoring of the solution shows the
presence of a mixture of [Fe3Pt3(CO)15]

2�/C� cluster com-
pounds and the [EtV]C+ radical ion. The [EtV]-
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ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF salt has been precipitated by the addi-
tion of water and crystallized from a THF–toluene mixture.
The salt has been characterized by means of X-ray diffrac-
tion studies, IR and EPR spectroscopy (see later sections).
The [EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF salt has been obtained by

using cation metathesis of its sodium salt in methanol, pre-
pared by using literature methods,[14,15] with an excess of
aqueous [EtV]I2. The salt has been crystallized from a
THF–toluene mixture and is soluble in THF, acetone and
acetonitrile, to give dark-green solutions, which are EPR
silent and display infrared carbonyl absorptions perfectly
matching those of the [Fe4Au(CO)16]

� ion as a tetrasubsti-
tuted ammonium salt.[14,15]

Attempts to isolate a 1:1 [EtV]C+ salt of the
[Fe4Au(CO)16]

� ion have been unsuccessful. Addition of an
[EtV]C+ solution, prepared by reducing [EtV]I2 with Zn
metal,[4] led to precipitation of some [EtV]-
ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF and various decomposition products.
That probably stems from occurrence in solution the follow-
ing equilibrium seen in Equation (4).

½Fe4AuðCOÞ16�� þ ½EtV�Cþ Ð ½Fe4AuðCOÞ16�2 C� þ ½EtV�2þ

ð4Þ

Taking as reference, the formal potentials of the relative
redox couples,[14] the equilibrium in Equation (4) should
have a very small equilibrium constant and be substantially
coincident with the equilibrium constant of Equation (1). It
may be conjectured, that the limited stability of
[Fe4Au(CO)16]

2C�, which decomposes into yet unidentified
products, favours a partial shift to the right of the equilibri-
um in Equation (4), to produce enough of the [EtV]2+ ion
to reach the solubility product of the [EtV]-
ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF salt.

The structure of the [EtV]2ACHTUNGTRENNUNG[Fe4Pt(CO)16] salt : The structure
of the [EtV]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16] salt is made up of packed of
[Fe4Pt(CO)16]

2� ions and [(EtV)C+]2 p-dimer ions. A few
O···H contacts between the oxygen atoms of the carbonyl
groups and the hydrogen atoms bound to the carbon atoms
of the aromatic rings of the cation p-dimers are slightly
shorter than normal van der Waals contacts. By far, the
most notable features are that, within each dimer, the
[EtV]C+ moieties are perfectly eclipsed (see Figure 1 top,
which also reports the general numbering scheme) and dis-
play mean plane distance of 3.275 ;. This is possible since
both [EtV]C+ radical ions exhibit a cis conformation of their
ethyl groups. Additionaly, there are infinite stacks of dimers
present, rotated by �908 and slightly tilted (Figure 1
bottom, interdimer distance �4.15 ;).
The monocationic nature of each ethylviologen unit is

confirmed by analysis of the interannular C�C and intra-
ring C�C and C�N bond lengths (for a more detailed discus-
sion see section on the structure of the [EtV]-
ACHTUNGTRENNUNG[Fe3Pt3(CO)12]·THF salt below and Table 1).
The tendency of some organic radicals to give rise to p-

bonded, rather than s-bonded, dimeric products both in so-

lution and in the solid state is well documented.[16] Dimers
or more complex aggregates have also been suggested in vi-
ologen radical chemistry to explain, for instance, the colour
changes on changing the solution solvent from CH2Cl2 or
CH3CN (blue) to water (purple).[4] A dimer of the methyl-
viologen radical monocation has been recently trapped in a
cucurbit[8]uril cavitand.[17] Nonetheless, to the best of our
knowledge, none of these dimers have been isolated and
structurally and spectroscopically characterized. The only

Figure 1. Top: The [(EtV)C+]2 p-dimer (the numbering scheme refers to
Table 1). Bottom: The stack of twisted and tilted p-dimers present in the
solid-state structure of [EtV]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16].

Table 1. C�C and C�N average bond lengths [;] and skew angles [8] for
H-, methyl- and ethyl-disubstituted viologens cations in their miscellane-
ous redox forms.

Compound C1�
C2

C2�
C3

C3�
C4

N1�
C1

Skew
angle

Ref.

[HV]2+ ACHTUNGTRENNUNG[PtCl6]
2� 1.385 1.399 1.474 1.336 40.65 [29]

[HV]2+ ACHTUNGTRENNUNG[PtCl4]
2� 1.371 1.377 1.496 1.325 0.44 [29]

ACHTUNGTRENNUNG[MeV]2+[(Cl)�]2 1.40 1.40 1.45 1.34 50 [4]
ACHTUNGTRENNUNG[MeV]C+ ACHTUNGTRENNUNG[PF6]

� 1.34 1.42 1.42 1.37 6–11 [18]
MV0 1.32 1.46 1.36 1.38 0 [18]
ACHTUNGTRENNUNG[EtV]2+ ACHTUNGTRENNUNG[Fe3Pt3(CO)15]

2� 1.370 1.392 1.481 1.337 18.7 [a]

ACHTUNGTRENNUNG[EtV]2+ ACHTUNGTRENNUNG[(Fe4Au(CO)16)
�]2 1.359 1.384 1.470 1.330 0 [a]

ACHTUNGTRENNUNG[EtV]2+ ACHTUNGTRENNUNG[(HFe3(CO)11)
�]2 1.359 1.391 1.486 1.338 0 [a]

ACHTUNGTRENNUNG[(EtV)C+]5 ACHTUNGTRENNUNG[Ag13Fe8(CO)32]
5� 1.32 1.42 1.44 1.36 0–4 [5]

ACHTUNGTRENNUNG[(EtV)C+]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16]
2� 1.353 1.426 1.421 1.355 0.3 [a]

ACHTUNGTRENNUNG[EtV]C+ ACHTUNGTRENNUNG[HFe3(CO)11]
� 1.359 1.426 1.421 1.356 5.7 [a]

[a] This work.
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structures known to date for viologen radical monocations
are those of [(EtV)C+]5ACHTUNGTRENNUNG[Ag13Fe8(CO)32]

[5] and [MeV]C+ ACHTUNGTRENNUNG[PF6]
�

(MeV=1,1’-dimethyl-4,4’-bipyridilium cation).[18] In the
former, the [EtV]C+ ions are arranged in stacks that have an
interplane distance of �3.2 ; (shorter C–C contacts 3.32 ;)
and torsion angles between consecutive units of �908. Simi-
larly, the [MeV]C+ ions of the latter are assembled in infinite
stacks that have an intermolecular distance of 3.29 ; and a
torsion angle between consecutive units of 378. Along the
stack an ordered sequence of pairs of methyl viologen units
is present. The two units making a pair, feature slightly dif-
ferent molecular parameters, owing to the [MeV]C+/ ACHTUNGTRENNUNG[MeV]C+

Q ACHTUNGTRENNUNG[MeV]2+/ ACHTUNGTRENNUNG[MeV]0 charge-transfer resonance.[18]

In contrast, in the case of [EtV]2ACHTUNGTRENNUNG[Fe4Pt(CO)16], the
[(EtV)C+]2 p-dimers are separated, since the methyl groups
are directed outwards from the molecular planes and keep
the other dimers slightly further apart. The two [EtV]C+

units within each p-dimer are perfectly eclipsed and display
identical molecular parameters. The monocationic moieties
are not perfectly planar, since the nitrogen atoms are slight-
ly shifted from the molecular plane. As a result, the inter-
molecular N···N contact (3.390(2) ;) is slightly longer than
the intermolecular distance between the ipso-carbon atoms
(3.176(2) ;). Therefore, to our knowledge, the [EtV]2-
ACHTUNGTRENNUNG[Fe4Pt(CO)16] provides the first proof of the possible exis-
tence of a viologen long-bonded p-dimer of radical mono-
cations and provides the unique opportunity to investigate
its nature.
The [Fe4Pt(CO)16]

2� ion closely resembles one previously
characterized as a [NMe3CH2Ph]

+ salt;[6] only the carbonyl
stereochemistry is slightly different. A comparison between
the most significant bond contacts is reported in Table 2.

The complex [NMe3CH2Ph]2ACHTUNGTRENNUNG[Fe4Pt(CO)16] has one CO
ligand per Fe(CO)4 group that is bent toward the central Pt
atom, which displays a square-planar coordination with four
Fe atoms and a superimposed tetrahedral coordination that
has four weakly interacting carbonyl groups. The Pt�C dis-
tances (av. 2.285 ;) are rather long and the Pt�CO interac-
tion can, hereafter, be described as incipient bridges. Con-
versely, two of the above incipient CO bridges in [EtV]2-
ACHTUNGTRENNUNG[Fe4Pt(CO)16] (Figure 2) might be classified as asymmetric
bridging ligands since they display significantly shorter Pt�C
distances (av. 2.155 ;), increased Fe�C distances (av. 1.839

vs. 1.814 ;) and Fe�C�O and Pt�C�O angles of �155 and
1238, respectively. Almost as a consequence, the other two
CO ligands are moved equally apart from Pt (Pt�C av.
2.398 ;), which obtains a distorted octahedral coordination.
Notably, this affects the Fe–Pt interactions: the two Fe�Pt
contacts supported by the asymmetric CO bridges are slight-
ly longer than the unsupported ones (av. 2.623 vs. 2.597 ;).
In general, CO bridges shorten the spanned M�M bonds.[19]

Interestingly, the nujol mull IR spectrum of [EtV]2-
ACHTUNGTRENNUNG[Fe4Pt(CO)16] displays a carbonyl absorption in the bridging
region (ñCO at 1792 cm�1), which is absent in solution, as
well as in the solid-state spectrum of its tetrasubstituted am-
monium salts.

The EPR spectrum of the [EtV]2ACHTUNGTRENNUNG[Fe4Pt(CO)16] salt : The
crystals of [EtV]2ACHTUNGTRENNUNG[Fe4Pt(CO)16] are soluble in acetone and
acetonitrile, sparingly soluble in alcohols and THF, and in-
soluble in nonpolar solvents. Solutions of the salt in acetoni-
trile are green-blue and show infrared carbonyl absorptions
at 2022 (w), 1991 (s), 1977 (s), 1937 (mw), 1916 (w) and
1840 (w, broad) cm�1 identical to those of other tetrasubsti-
tuted ammonium salts of the [Fe4Pt(CO)16]

2� ion.[6] The
EPR spectrum of this solution at 298 K shows a signal of
the [EtV]C+ radical ion with only a partially resolved hyper-
fine structure (Figure 3a). Moreover, the EPR spectrum of
the glass, obtained by freezing the above solution at 100 K,
only shows the isotropic signal at �3380 G of the solvated
[EtV]C+ radical ion. Therefore, the IR and EPR spectra rule
out persistence in solution of the above diradical p-dimers,
as well as contact cation–anion pairs and occurrence of
anion-to-cation CT.
The EPR of a polycrystalline sample of the [(EtV)C+]2-

ACHTUNGTRENNUNG[Fe4Pt(CO)16] salt displays a complicated pattern (Fig-
ure 3b). The starred peaks are a result of incomplete ran-
domization of the crystals and disappear on progressive
grinding of the sample. Nevertheless, the spectrum is quite
different from the isotropic signal observed in the above
glassy samples and [(EtV)C+]5ACHTUNGTRENNUNG[Ag13Fe8(CO)32],

[5] as well as
the anisotropic signal of crystalline [MeV]C+ ACHTUNGTRENNUNG[PF6].

[18] The
signal is �300 G wide and centred at the typical field of vi-
ologen radicals. The observed pattern clearly arises from a
significantly-populated triplet state of the [EtV]C+ ··· ACHTUNGTRENNUNG[EtV]C+

p-dimer and separated [EtV]C+ radical. The latter is respon-
sible of the central most intense signal. The triplet state of

Table 2. Comparison between anion bond lengths [;] in [EtV]2-
ACHTUNGTRENNUNG[Fe4Pt(CO)16] and [NMe3CH2Ph]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16].

[a]

ACHTUNGTRENNUNG[EtV]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16] [NMe3CH2Ph]2ACHTUNGTRENNUNG[Fe4Pt(CO)16]

Pt�Fe 2.597–2.623 2.601
Fe�Fe 2.692 2.708
Fe�Ct 1.789 1.765
Ct�O 1.146 1.15
Fe�Cb 1.839 1.814
Cb�O 1.167 1.16
Pt�Cb 2.155, 2.398 2.285

[a] Ct: terminal carbon; Cb: bridging carbon.

Figure 2. The structure of the [Fe4Pt(CO)16]
2� ion.
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the [EtV]C+ ··· ACHTUNGTRENNUNG[EtV]C+ p-dimer is implemented by a weak fea-
ture at �1690 G (Figure 3c) corresponding to the forbidden
transition with Dm=2.
Analysis of the spectrum allows to deduce the following

zero-field splitting parameters jD j=141.0M10�4 cm�1 and
jE j=4.0M10�4 cm�1. Note that the midpoints of the pairs of
resonances coincide, this would indicate that the isotropy of
the g factor (gx=gy=gz=2.00). Simulation of the EPR spec-
trum of the [EtV]C+ ··· ACHTUNGTRENNUNG[EtV]C+ p-dimer on the basis of the
above zero-field parameters is shown in Figure 3d. The
value of jD j enables a rough estimation of the average dis-
tance between the two radical centres. Using the point-
dipole approximation, from the equation D=b2g2r�3 an
average distance of �3.9 ; can be estimated, which is in
fair agreement with the interplane distance between the two
[EtV] moieties of the p-dimer.
Cooling of the sample to 100 K causes the almost com-

plete disappearance of the triplet signal, which can be re-
stored back to its original intensity upon warming to room
temperature. This would indicate that the triplet is an excit-
ed state with respect to the singlet state. The thermal behav-
iour of the [EtV]C+ ··· ACHTUNGTRENNUNG[EtV]C+ p-dimer is comparable to that
of the recently reported thiazyl p-dimer.[20]

The triplet EPR signals of diradical s-dimers derived, for
instance, from dimethylenecyclobutadiene, highly-hindered
silacyclobutadienes and 1-methyl-2-(carbomethoxy)pyridine,
both in solution or glasses, have been reported.[21,22,23] The
only previously documented triplet state of a diradical p-
dimer that we are aware of is the above thiazyl derivative,[20]

whereas the intramolecular p-dimer of verdazyl moieties in
the 1,1’-bis ACHTUNGTRENNUNG(verdazyl)ferrocene biradical,[24] or the m-phenyl-
enediamine radical cations linked by twisted benzenes (tet-
raazacyclophane),[25] are known.
It seems reasonable to suggest that strongly interacting,

tight p-dimers should exhibit a singlet state. As the intermo-
lecular distance increases and the interaction weakens, in-
creasingly populated triplet states could be expected.
Beyond a certain elongation of the intermolecular distance
the nature of a single [EtV]C+ radical ion should show up. In
this regard, it is significant that previously reported cationic,
anionic or neutral p-dimers featuring shorter interunit sepa-
rations display singlet ground states [e.g., 2.87 (TCNEC+ ; tet-
racyanoethylene), 2.90 (cloranil radical anion), 2.90
(DDQC� ; dichlorodicyanoquinone), 3.05 (OMBC+ ; octame-
thylbiphenylene), 3.2 (TCNQC� ; tetracyanoquinodimethane),
and 3.22 ; (PhenC ; phenalene)].[16]

The structure of the [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF salt : The
unit cell of [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF contains one
[Fe3Pt3(CO)15]

2� ion, one [EtV]2+ ion and one THF mole-
cule. The packing of these ions is based on layers composed
of rows of anions alternated by rows of cations and THF

Figure 3. a) The experimental EPR spectra of [EtV]2ACHTUNGTRENNUNG[Fe4Pt(CO)16] in ace-
tonitrile, b) as a solid crystalline sample at Dm=1 and at c) Dm=2, d)
simulation of the spectrum with parameters reported in the text, and e)
sample after repeated grindings.
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molecules. Adjacent layers are in a staggered orientation
and, therefore, each row of anions is completely surrounded
by rows of cations and THF molecules. The shortest non-
bonding anion–cation contacts are between the O atoms of
the axial carbonyl groups bound to Fe and some H, C and N
atoms of the cations (O···H 2.47–2.53, O···C 3.06–3.22, O···N
3.02 ;). Both the anion and the cation are nonplanar. Only
the structure of [Fe3Pt3(CO)15]

2� is shown in Figure 4 with

its labelling. The three Fe atoms and Pt(1) of the dianion
lay in the same plane, whereas Pt(2) and Pt(3) are located
slightly below (0.321 ;) and above (0.075 ;) this plane, re-
spectively. This type of deformation has not been previously
observed in any of the clusters of the [Fe3Pt3(CO)16]

n� (n=
0, 1, 2) series.[8,26] A dianionic nature can be unambiguously
attributed to [Fe3Pt3(CO)15]

2� by a comparison of its average
Pt�Pt and Pt�Fe bond lengths with those of the previously
characterized [Fe3Pt3(CO)16]

n� (n=0, 1, 2) species.[8,26] As
shown in Table 3, the distances displayed by the anion pres-

ent in the crystal structure of [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF are
almost identical to those of its corresponding [NBu4]2-
ACHTUNGTRENNUNG[Fe3Pt3(CO)15] salt.

[8] Accordingly, the infrared carbonyl ab-
sorptions in the nujol mull spectrum fall below 2000 cm�1.
Therefore, it can be concluded that the charge of the cluster
present in this ethylviologen salt is primarily �2. On the
basis of the stoichiometry, the salt has to be formulated as
[EtV]2+ ACHTUNGTRENNUNG[Fe3Pt3(CO)15]

2�·THF.
In spite of a skew angle between the rings of �18.78, the

+2 charge of the 1,1’-diethyl-4,4’-bipyridilium is made nec-
essary by electroneutrality and is clearly pointed out by the
individual values of its interannular C�C and intra-ring C�C
and C�N bond lengths. Indeed, it has previously been sug-
gested that the charge of viologen cations could be unravel-

led by the skew angle between the rings, because quantum-
mechanical calculations[27,28] have pointed out that the violo-
gen dication exhibits an energy minimum for a skew angle
of �44.78, whereas a minimum in the range 11.9–13.68 has
been suggested for the radical monocation in the absence of
any external force (gas phase). The resultant experimental
solid-state skew angles are significantly smaller than 458 and
have often been taken as an indication of charge transfer
from the anion to the cation.[4] Analysis of the crystal struc-
tures of several viologen salts of miscellaneous counter
anions reported in the literature,[4,5, 18,29] leads to the sugges-
tion that the skew angles of dicationic species may decrease
from 40 to 08, as a consequence of intermolecular interac-
tions or packing efficiency rather than as a result of charge
transfer. Indeed, CT phenomena in [EtV]2+ [PtCl6]

2� appear
rather unlikely. Nevertheless, the viologen dication displays
a skew angle of about 108.[29]

Both theoretical and experimental data agree that the re-
duction of a viologen dication progressively destroys its aro-
maticity, and that the monocation and the neutral viologen
progressively behave as a polyene with alternating single
and double bonds.[18] Following that and, as previously con-
cluded by J. K. Kochi,[18] the interannular C�C and intra-
ring C�C and C�N distances are much more diagnostic of
the charge of the viologens than the skew angles. The rele-
vant bond lengths observed for the ethylviologen in [EtV]-
ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF and those of other H-, Me- and Et-di-
ACHTUNGTRENNUNGsubstituted V2+ and VC+ salts are collected in Table 1. The
comparison clearly indicates that [EtV]2+ ions are primarily
present in the unit cell of [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF.
The fact that the bis-charged cation and anion are primar-

ily present in the [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF salt was unex-
pected, because, as discussed above, the solution redox po-
tentials of the [EtV]2+/ ACHTUNGTRENNUNG[EtV]C+ and [Fe3Pt3(CO)15]

�/
ACHTUNGTRENNUNG[Fe3Pt3(CO)15]

2� redox couples suggest that the constant of
the equilibrium in Equation (3) in solution should be close
to 1. Accordingly, comparable amounts of [Fe3Pt3(CO)15]C

�

and [Fe3Pt3(CO)15]
2� are monitored by using IR, and the

presence of significant amounts of [Fe3Pt3(CO)15]C
� and

[EtV]C+ in the reaction solution has been confirmed by
using EPR spectroscopy. The primary presence of bis-charg-
ed anions and cations in the crystals can be explained in two
ways. Firstly, by assuming a much greater insolubility of the
2+ /2� with respect to the 1+ /1� salt, which causes a back-
shift of the equilibrium in Equation (3) owing to precipita-
tion of the 2+ /2� salt. Secondly, an electron transfer in the
solid state, also corresponding to a back-shift of equilibrium
in Equation (3), driven by the gain in lattice energy of a 2+
/2� salt.

The EPR spectrum of the [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF salt :
The crystals the [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF salt are soluble in
THF, acetone and acetonitrile and give rise to deep-blue sol-
utions. The IR spectrum of these solutions shows the car-
bonyl infrared absorptions expected for a [Fe3Pt3(CO)15]

2�/C�

mixture. The IR frequencies and patterns are coincident
with those of corresponding tetrasubstituted ammonium

Figure 4. The structure of the [Fe3Pt3(CO)15]
2� ion.

Table 3. M–M distances [;] for the clusters [Fe3Pt3(CO)15]
n� (n=0, 1, 2).

Anion Cation Pt-Pt Pt-Fe Ref

ACHTUNGTRENNUNG[Fe3Pt3(CO)15] – 2.590(2) 2.578(2) [26]

ACHTUNGTRENNUNG[Fe3Pt3(CO)15]
� [NMe3CH2Ph]

+ 2.656(1) 2.587(4) [8]

ACHTUNGTRENNUNG[Fe3Pt3(CO)15]
2�

ACHTUNGTRENNUNG[NBu4]
+ 2.750(1) 2.596(4) [8]

ACHTUNGTRENNUNG[Fe3Pt3(CO)15]
2�

ACHTUNGTRENNUNG[EtV]2+ 2.753(1) 2.594(2) [a]

[a] This work.
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salts. The concomitant EPR spectrum of these solutions dis-
closes the presence of rather intense signals of
[Fe3Pt3(CO)15]C

� and [EtV]C+ in a �1:1 ratio (Figure 5a), in

keeping with occurrence of the equilibrium in Equation (3).
In partial contrast, the EPR spectrum of a microcrystalline
sample shows a broad isotropic signal, which might be a
result of coupling/exchange broadening of the above signals
(Figure 5b). Its relatively low intensity is in keeping (qualita-
tive) with a retro-shift of the equilibrium in Equation (3) in
the solid state, with respect to solution.

The structure of the [EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF and
[NEt4] ACHTUNGTRENNUNG[Fe4Au(CO)16] salts : The crystal packing of [EtV]-
ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF does not display any particular fea-
ture, having all the ions separated by normal ionic distances.
However, the structure of the [Fe4Au(CO)16]

� ion (Figure 6)
presents a significant novelty with respect to the previously
reported structure of the salt [NMe3CH2Ph]2-
ACHTUNGTRENNUNG[Fe4Au(CO)16]Cl.

[14,15] In [NMe3CH2Ph]2ACHTUNGTRENNUNG[Fe4Au(CO)16]Cl,
the two Fe2(CO)8 moieties that give rise to a square-planar
coordination around the gold atom, only contain terminal
carbonyl groups. Whereas in [EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF,
one of the Fe2(CO)8 moieties features two slightly asymmet-
ric bridging CO ligands (Fe�Cav 1.94–2.05 ;; Fe�C�O angle
136.2–143.58) and, thus, it should be more precisely written
as [Fe4Au(CO)14 ACHTUNGTRENNUNG(m-CO)2]

� . Moreover, one CO ligand per Fe
atom in the all terminal Fe2(CO)8 group is bent toward the
central Au atom [Au�C 2.79 ;], probably as a result of

non-bonding C···C repulsions around the Fe centres and at-
traction from the formally AuIII central ion.
The reason why two different isomers, [Fe4Au(CO)16]

�

and [Fe4Au(CO)14ACHTUNGTRENNUNG(m-CO)2]
� , are present in the

[NMe3CH2Ph]2ACHTUNGTRENNUNG[Fe4Au(CO)16]Cl and [EtV]-
ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF salts is not straightforward. Both salts
dissolve in organic solvents and display identical IR spectra
that mainly features ñCO characteristics that are ascribed to
terminal CO ligands and only very weak absorptions attrib-
utable to bridging carbonyl groups. On the basis of their rel-
ative intensities, it can be roughly inferred that the equilibri-
um constant for the interconversion in Equation (5) in solu-
tion of the two isomers is �M10�1 to M10�2.

½Fe4AuðCOÞ16�� Ð ½Fe4AuðCOÞ14ðm-COÞ2�� ð5Þ

Nonetheless, upon crystallization of [EtV]-
ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF, the equilibrium is shifted toward the
minor isomer. The particular cation of the salt, as well as
any CT or ET process between anions and cations, does not
play any role in the isomerization. Indeed, a completely
identical structure of the anion has been ascertained, also in
the [NEt4] ACHTUNGTRENNUNG[Fe4Au(CO)16] salt (Table 4). The most likely con-

clusion is that the isomerization process upon crystallization
is determined by packing effects. Thus, the crystals of [EtV]-
ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF and [NEt4] ACHTUNGTRENNUNG[Fe4Au(CO)16], even
though they have different stoichiometries, present very sim-
ilar densities of 2.021 and 2.023 gcm�3, respectively. In con-
trast, [NMe3CH2Ph]2ACHTUNGTRENNUNG[Fe4Au(CO)16]Cl is considerably less
dense (1.760 gcm�3). Isomerization of [Fe4Au(CO)16]

� into
[Fe4Au(CO)14ACHTUNGTRENNUNG(m-CO)2]

� results in a decreased volume of the
anion, because of significant shortening of the CO support-

Figure 5. The EPR spectra of [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF a) in acetonitrile
and b) in a solid microcrystalline state.

Figure 6. The structure of the [Fe4Au(CO)16]
� ion present in both the

[EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF and [NEt4] ACHTUNGTRENNUNG[Fe4Au(CO)16] salts.

Table 4. Comparison between the bond lengths [;] in [NMe3CH2Ph]2-
ACHTUNGTRENNUNG[Fe4Au(CO)16]Cl, [NEt4] ACHTUNGTRENNUNG[Fe4Au(CO)16] and [EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF.

[NMe3CH2Ph]2-
ACHTUNGTRENNUNG[Fe4Au(CO)16]Cl

ACHTUNGTRENNUNG[NEt4]-
ACHTUNGTRENNUNG[Fe4Au(CO)16]

ACHTUNGTRENNUNG[EtV] ACHTUNGTRENNUNG[Fe4Au-
(CO)16]2·2THF

Au�Fe 2.583 2.590 2.588
2.607 2.599 2.620

Fe�Fe[a] 2.771 2.765 2.764
Fe�Fe[b] – 2.574 2.571

[a] All terminal CO. [b] Including bridging CO.
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ed Fe–Fe interaction. It appears, therefore, conceivable to
suggest that the more compact packing of [EtV]-
ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF and [NEt4]ACHTUNGTRENNUNG[Fe4Au(CO)16] shifts the
equilibrium in Equation (5) towards the right, whereas the
less compact packing, a result of the 1:1 cocrystallization of
[NMe3CH2Ph] ACHTUNGTRENNUNG[Fe4Au(CO)16] and [NMe3CH2Ph]Cl, keeps
the equilibrium shifted to the left.
In agreement with their solid-state structures, the IR spec-

tra in nujol mull of both [EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF and
[NEt4]ACHTUNGTRENNUNG[Fe4Au(CO)16], display intense stretching bands at
1815 and 1784 cm�1 (bridging CO ligands) that are consider-
ably stronger than in solution, which are completely absent
in the nujol mull IR spectrum of [NMe3CH2Ph]2-
ACHTUNGTRENNUNG[Fe4Au(CO)16]Cl.
It is widely accepted that energy barrier for the terminal-

bridge interconversion of the CO ligands is low, as deduced
from the easy scrambling processes of several carbonyl com-
pounds on the 13C NMR timescale.[30] It is now shown that
such interconversion can be promoted by packing forces.

Resistivity measurements : Of the three ethylviologen salt
structures described here, two of them, [EtV]-
ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF and [EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF, can be
described as purely ionic, in the sense that all ions are near
completely isolated and do not give rise to suprastructures,
as observed for [EtV]C+ ACHTUNGTRENNUNG[HFe3(CO)11], [(EtV)C+]5-
ACHTUNGTRENNUNG[Ag13Fe8(CO)32]

[5] and [MeV]C+ ACHTUNGTRENNUNG[PF6]
[17] salts. The structure of

[EtV]2ACHTUNGTRENNUNG[Fe4Pt(CO)16] is exceptional in that it features the
presence of infinite stacks of twisted and tilted [(EtV)C+]2 p-
dimers. All of these salts contain cations and anions, which
are redox active with DE in the 0–0.4 V range. Such a range
of values is often thought to be the optimum for DE to give
rise to Dd+�Ad� CT or ET phenomena. For this reason, the
electrical properties of these materials as pressed pellets
have been investigated by means of a standard 4-point
probe. For the sake of comparison, also the resistivity of
[NMe3CH2Ph]2ACHTUNGTRENNUNG[Fe3Pt3(CO)15], [NMe3CH2Ph]2ACHTUNGTRENNUNG[Fe4Pt(CO)16]
and [NMe3CH2Ph]2ACHTUNGTRENNUNG[Fe4Au(CO)16]Cl has been measured and
the results are collated in Table 5.
The data clearly show that both the [Fe4Au(CO)16]

� salts
are insulators with a resistivity so high that a reliable mea-
sure was beyond our equipment, whereas for the other com-
pounds it has been possible to measure a reproducible resis-
tivity. For both salts based on [Fe3Pt3(CO)15]

2� and
[Fe4Pt(CO)16]

2�, a significant decrease of the resistivity of 3–
4 orders of magnitude is observed on passing from the non-

redox-active [NMe3CH2Ph]
+ ion to the redox-active ethyl-

viologen. Significantly, the lowest resistivity is displayed by
the [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF salt, in which the redox cou-
ples of the cation and the anion exhibit a DE of �0 V in so-
lution. Such a low resistivity indicts a certain degree of ET
behaviour between anion and cation also in the solid state
and is in keeping with the observation of the EPR signals of
[EtV]C+ and [Fe3Pt3(CO)15]C

� in crystalline samples of [EtV]-
ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF. Apparently, the ET process becomes
almost negligible as the DE increases to 0.4 V (e.g., [EtV]2-
ACHTUNGTRENNUNG[Fe4Pt(CO)16]) and is completely absent in [EtV]-
ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF, in which the anion is already in its
highest possible oxidation state being formally a square
planar complex of AuIII, rather than PtII, of the [Fe2(CO)8]

2�

bidentate ligand.

Conclusion

As a major bonus of the preparation and characterization of
the [(EtV)C+]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16], [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF and
[EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF hybrid salts, we have isolated
and structurally characterized for the first time an example
of a long-bonded p-dimer of the [EtV]C+ radical ion and
demonstrated that such interactions can give rise to a signifi-
cantly populated triplet state, detectable by solid-state EPR
spectroscopy. Moreover, it has been shown that packing
forces may significantly alter not only the carbonyl stereo-
chemistry of a given carbonyl cluster, by shifting isomeriza-
tion equilibrium one or the other way, but can also shift the
redox equilibrium in solution.
As far as conductivity of the above hybrid salts is con-

cerned, it can be concluded that their resistivity as pellets is
not exciting and most behave as insulators. However, at
least [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF can be classified as a semi-
conductor. The semiconductor characteristics may stem
from the presence of [EtV]2+ and [Fe3Pt3(CO)15]

2� interion-
ic, loose interactions in the crystalline state. However, these
sub van der Waals contacts are not enough to enable effi-
cient electron transfer in the material. Nonetheless, the con-
ductivity of the latter is 3–4 orders of magnitude greater
than that of stoichiometric salts of viologen dications and
monocations with inorganic counterions (M10�7 to
M10�10 Scm�1; the highest values are attributed to the pres-
ence of stacks of viologen monocations), and approaches
the conductivity of mixed-valent p-cyanophenyl disubstitut-
ed viologens (M10�5 Scm�1) exhibiting stoichiometries such
as [RV2+]ACHTUNGTRENNUNG[RVC+]2ACHTUNGTRENNUNG[BF4]4.(R=p-cyanophenyl)

[4] A similar sit-
uation holds for stoichiometric crystalline (TTF)X and
(TTF)X2 (X=Cl, Br, I; TTF= tetrathiafulvalene) salts,
which contains (TTFC+)2 dimers, whereas the nonstoichio-
metric (TTF)Xn (n=0.59–079) ordered or disordered mixed-
valence phases display a 6–7 order of magnitude greater
conductivity.[31] Attempts to improve the conductivity of the
above hybrid materials by variation of the viologen substitu-
ents are in progress.

Table 5. Resistivities for the viologen and tetra-alkylammonium salts of
the mixed metal clusters studied.

Compound 1 [Wcm]

[NMe3CH2Ph]2 ACHTUNGTRENNUNG[Fe3Pt3(CO)15] 1.5M108

ACHTUNGTRENNUNG[EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF 6.6M104

[NMe3CH2Ph]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16] 3.8M109

ACHTUNGTRENNUNG[EtV]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16] 4.6M106

[NMe3CH2Ph]2 ACHTUNGTRENNUNG[Fe4Au(CO)16]Cl
[a]

ACHTUNGTRENNUNG[EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF
[a]

[a] The 1 was too high to be measured accurately.
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Experimental Section

All reactions and sample manipulations were carried out by using stan-
dard Schlenk techniques under nitrogen and in dried solvents. The M2-
ACHTUNGTRENNUNG[Fe3Pt3(CO)15], M2 ACHTUNGTRENNUNG[Fe4Pt(CO)16] and M ACHTUNGTRENNUNG[Fe4Au(CO)16] (M=Na, K) salts
have been prepared according to the literature.[6,8,14] Analysis of Fe, Pt
and Au were performed by using atomic absorption on a Pye-Unicam in-
strument. Analyses of C, H and N were obtained with a ThermoQuest
FlashEA 1112NC instrument. IR spectra were recorded on a Perkin–
Elmer SpectrumOne interferometer in CaF2 cells. EPR spectra have
been recorded by using a Bruker ESP300E spectrometer. The simulation
of the EPR spectrum in Figure 3b was performed by means of commer-
cial Bruker software XSophe. The figures were drawn with SCHA-
KAL99.[32] Resistivity measurements were performed by using a Keithley
2400 SourceMeter equipped with a 4-point probe, using polycrystalline
materials pressed into pellets of diameter �13 mm and thickness
�1 mm.
Synthesis of [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF : A suspension of [EtV]I2 (0.60 g,
1.28 mmol) in methanol (20 mL) was added to Na2ACHTUNGTRENNUNG[Fe3Pt3(CO)15] (1.1 g,
0.90 mmol) dissolved in MeOH (20 mL), until complete precipitation of
the cluster was observed. The solid was filtered, washed with water (3M
10 mL) and extracted into THF (20 mL). Crystals of [EtV]-
ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF suitable for X-ray analysis were obtained by slow dif-
fusion of toluene on this solution (yield 1.04 g, 79%). The salt is soluble
in THF, acetone, acetonitrile, DMF, DMSO, sparingly soluble in alcohols
and insoluble in nonpolar solvents. Elemental analysis calcd (%) for
C33H26Fe3N2O16Pt3: C 27.1, H 1.80, N 1.92, Fe 11.49, Pt, 40.10; found: C
27.3 , H 1.90, N 1.91, Fe 11.35, Pt 39.98.

Synthesis of [EtV]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16]: A solution of [EtV]I2 (0.51 g,
1.09 mmol) in methanol (40 mL) was added to Na2ACHTUNGTRENNUNG[Fe4Pt(CO)16] (0.88 g,
0.96 mmol) dissolved in methanol (20 mL), until complete precipitation
of the cluster was observed. The solid was filtered, washed with water
(2M20 mL) and extracted into acetone (30 mL). Crystals of [EtV]2-

ACHTUNGTRENNUNG[Fe4Pt(CO)16] suitable for X-ray analysis were obtained by slow diffusion
of isopropyl alcohol into this solution (yield 1.05 g, 84.5%). The salt is
soluble in acetone, acetonitrile, DMF, DMSO, sparingly soluble in THF
and alcohols and insoluble in non-polar solvents. Elemental analysis
calcd (%) for C44H36Fe4N4O16Pt: C 40.8, H 2.8, N 4.3, Fe 17.3, Pt 15.1;
found: C 40.6 , H 2.83 , N 4.15, Fe 17.1 , Pt 15.0.

Synthesis of [EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF : A suspension of [EtV]I2
(0.62 g, 1.32 mmol) in methanol (20 mL) was added to K ACHTUNGTRENNUNG[Fe4Au(CO)16]
(0.77 g, 0.85 mmol) dissolved in MeOH (20 mL), until complete precipita-
tion of the cluster was observed. The solid was filtered off, washed with
water (3M15 mL) and extracted into THF (20 mL). Crystals of [EtV]-
ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF suitable for X-ray analysis were obtained by slow
diffusion of toluene on this solution (yield . 0.85 g, 85%). The salt is solu-
ble in THF, acetone, acetonitrile, DMF, DMSO, sparingly soluble in alco-
hols and insoluble in non-polar solvents. Elemental analysis calcd (%)
for C54H34Au2Fe8N2O34: C 35.3, H 2.25, N 2.40, Fe 19.35, Au 17.1; found:
C 35.1, H 2.21, N 2.28, Fe 19.15, Au 16.95.

X-ray studies : Crystal data and collection details for [EtV]-
ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF, [EtV]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16], [EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF
and [NEt4] ACHTUNGTRENNUNG[Fe4Au(CO)16] are reported in Table 6. The diffraction experi-
ments were carried out on a Bruker APEX II diffractometer equipped
with a CCD detector using Moka radiation. Data were corrected for Lor-
entz polarization and absorption effects (empirical absorption correction
SADABS).[33] Structures were solved by using direct methods and refined
by means of full-matrix least-squares based on all data using F2.[34] Hy-
drogen atoms were fixed at calculated positions and refined by using a
riding model. All nonhydrogen atoms were refined with anisotropic dis-
placement parameters.

CCDC 639144–639149 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from the Cam-
bridge Crystallographic Data Centre via ww.ccdc.cam.ac.uk/data_re-
quest.cif.

Table 6. Crystal data and experimental details for [EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF, [EtV]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16], [EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF and [NEt4] ACHTUNGTRENNUNG[Fe4Au(CO)16].

ACHTUNGTRENNUNG[EtV] ACHTUNGTRENNUNG[Fe3Pt3(CO)15]·THF ACHTUNGTRENNUNG[EtV]2 ACHTUNGTRENNUNG[Fe4Pt(CO)16] ACHTUNGTRENNUNG[EtV] ACHTUNGTRENNUNG[Fe4Au(CO)16]2·2THF ACHTUNGTRENNUNG[NEt4] [Fe4Au(CO)16]

formula C33H26Fe3N2O16Pt3 C44H36Fe4N4O16Pt C54H34Au2Fe8N2O34 C24H20AuFe4NO16

Mr 1459.38 1295.26 1047.78 998.78
T [K] 100(2) 100(2) 296(2) 295(2)
l [;] 0.71073 0.71073 0.71073 0.71073
crystal system monoclinic monoclinic monoclinic monoclinic
space group P21/c C2/c P21/c P21/n
a [;] 10.0555(10) 14.741(2) 15.397(2) 13.5548(17)
b [;] 9.8220(10) 22.361(4) 12.0809(2) 16.781(2)
c [;] 39.477(4) 14.306(2) 19.807 ACHTUNGTRENNUNG( 14.4184(18)
a [8] 90 90 90 90
b [8] 90.301 99.351(2) 110.855(2) 91.399(2)
g [8] 90 90 90 90
V [;3] 3898.9(7) 4653(6) 3442.9(8) 3278.6(7)
Z 4 4 2 4
dcalcd [g cm

�3] 2.486 1.849 2.021 2.023
m [mm�1] 11.883 4.289 5.966 6.257
F ACHTUNGTRENNUNG(000) 2712 2552 2020 1928
crystal size [mm] 0.20M0.15M0.10 0.25M0.20M0.15 0.22M0.16M0.12 0.22M0.18M0.14
q limits [8] 2.03–25.00 1.67–25.00 1.42–26.00 1.86–27.00
index ranges �11�h�11 �17�h�17 �18�h�18 �17�h�17

�11�k�11 �26�k�26 �14�k�14 �21�k�21
�46� l�46 �17� l�17 �24� l�24 �18� l�18

reflections collected 34934 21446 34640 35746
independent reflections 6862 [R ACHTUNGTRENNUNG(int)=0.0274] 4102 [R ACHTUNGTRENNUNG(int)=0.0614] 6749 [RACHTUNGTRENNUNG(int)=0.0441] 7167 [R ACHTUNGTRENNUNG(int)=0.0360]
completeness to q=25.008 [%] 100.0 100.0 100.0 100.0
data/restraints/parameters 6862/102/516 4102/0/314 6749/56/452 7167/41/408
goodness of fit on F2 1.385 1.014 1.032 1.017
R1 [I>2s(I)] 0.0394 0.0259 0.0237 0.0244
wR2 (all data) 0.0720 0.0633 0.0581 0.0591
largest diff. peak/hole [e;�3] 2.203/�2.400 0.731/�0.977 0.544/�0.537 0.488/�0.474
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