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Summary 

The reaction of [Ru(CO),Cl 2]2 and [Fe(CO),‘-] in water solution gives the 
mixed-metal clusters Fe,Ru(CO),,, H,Fe,Ru,(CO),, and variable amounts of 
H,FeRu,(CO),,. The reaction provides a practical route to H,Fe,Ru2(C0)t3. 

Structural and spectroscopic studies reveals that H,Fe,Ru z(CO),3 crystallises 
together with H,FeRu,(CO),, in the space group C2/c, the average structure 
closely resembling that of pure H,FeRu,(CO),,. The ‘H NMR spectrum shows the 
fluxionality of H,Fe, Ru z(CO),j and provides a convenient method of analysis of 
the cluster mixture. 

Introduction 

Parent mixed-metal clusters of iron and ruthenium have been synthesized for 
catalytic investigations [l-5], for ligand substitution studies [6], and for starting 
materials for clusters of higher nuclearity [7-91. The trinuclear iron-ruthenium 
mixed-metal clusters FeRuz(CO),,, Fe,Ru(CO),, and H,FeRu3(C0)r3 were made 
previously with variable yields by the reaction of Fe(CO), with either Ru,(CO),, or 

[WCO),Cl,l, WI. H,FeRu,(CO),, has been well characterized, but little is 
known of the other Fe,Ru,(CO),,- and Fe,Ru(CO),,-core clusters. The neutral 
tetranuclear cluster H,Fe,Ru,(CO),, can be obtained along with HzFeRu,(CO),, 
but it is difficult to separate the two species from each other. HzFe,Ru,(CO),, has 
been detected by mass spectrometry in this mixture. The infrared spectrum of 
H,Fe,Ru,(CO),, was derived by monitoring the changes in the absorptions of the 
mixtures of HZFeRu,(CO),, and HzFe,Ru,(CO),, in the chromatographed frac- 

tions [9]. 
The structure of the cluster HFe,Ru,(CO),, is known and has in solid state 

one bridged carbonyl, differing from the structure of HFeRu,(CO),,~. which has in 
addition one semibridged carbonyl [ll]. The structure of H2FeRu3(C0),3 in 
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Results and discussion 

The unit cell dimensions were measured for the brown tetranuclear compound. 
The dimensions (a 31.414, b 9.723, c 13.835 A) were within the standard deviations 
the same as those ofthe material described as a second form of H,FeRu 3 (CO),, 

(II) [16]. X-ray fluorescence measurements indicated, however, that in our crystal 
iron formed 35 mol% of the metal content. Careful examination of the thermal 
parameters of compound II reveals an unusually large isotropic thermal parameter 
(3.45) for Ru(3) compared with the corresponding parameters for the two other 
ruthenium atoms (2.76, 2.46). These observations prompted us to recalculate the 
structure with the published structure factors of II. 

When the published positional parameters and structure factors were used the 
refinement gave the same value for R (0.043) as reported before. Four calculations 
were then carried out by allowing the occupancy of each metal site to refine 
separately with variable Fe/Ru occupancy ratio. Only one of these refinements lead 
to a lowering of R (0.0313). The ruthenium occupancy of the metal labelled Ru(3) 
fell from unity to 0.633, indicating that 37% Fe is located at this site. This iron 
distribution corresponds to 34 mol% of the total metal content, in a good agreement 
with the X-ray fluorescence analysis. 

The presence of iron at site Ru(3) has also an effect on the bond lengths of the 
published structure. The deviations of the metal-metal and metal-ligand distances 
in different ruthenium centers can be also understood in terms of the disorder in the 
Ru(3) center. 

The ‘H NMR spectra of H,Fe,Ru,(CO),, at room temperature and at - 50°C 
are shown in Fig. 1 and 2. Figure 1 shows a broad average signal for 

H,Fc,Ru,(CO),, and a sharp signal for H,FeRu,(CO),,, with chemical shifts 
-20.27 and -18.6 ppm, respectively [12]. As the temperature is lowered, the 
coalesced resonances of H,Fe,Ru,(CO),, begin to broaden and then to sharpen to 
two signals at 6 - 18.5 and - 21.7 ppm (Fig. 2). The signals were too broad for the 
measurement of the ‘H-‘H coupling. 
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Fig. 1. ‘H NMR spectrum of H,Fe,Ru,(CO),, at room temperature. The resonance at - 18.6 ppm is 

due to HzFeRu3(C0)13 impurity. 
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