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New Compounds of Rhenium : Preparation and Crystal Structures of 
Re(CO),F*ReF, and [R~(CO),]+[RQF,,I- 

By DONALD M. BRUCE, JOHN H. HOLLOWAY, and DAVID R. RUSSELL* 
(Departme.Pzt of Chemistry, The 

Summary Re(CO),F.ReF, and [Re (CO) ,]+[Re,F,, 1- have 
been obtained from the reaction of ReF, with Re,(CO),, 
in anhydrous hydrogen fluoride; the structures of the 
compounds have been determined by X-ray diffraction. 

As part of a systematic effort to prepare metal carbonyl 
fluorides,lv2 we have studied the reaction of rhenium hexa- 
fluoride with rhenium carbonyl in anhydrous hydrogen 
fluoride. 

In a typical reaction 1-08 mmol of Rep, was condensed 
stepwise on to 0.75 mmol of Re,(CO),, in anhydrous hydro- 
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gen fluoride to give a green solution from which approxi- 
mately equal amounts of two solids separated as orange 
prisms (l), and green platelets (2), both in high yield. No 
detectable carbon monoxide evolution occurred and no 
evidence for Re,(CO),,, ReF,, or ReF, was obtained. 

Compounds (1) and (2) are highly sensitive to moisture, 
blackening rapidly on exposure to the atmosphere. Com- 
plex, but reproducible i.r. absorptions can be obtained from 
Nujol mulls in the 2200-1900 cm-l and the 750-500 cm-1 
regions. Suitable crystals were mounted in a dry box for 
X-rav- studies. Crv_stal data: fl) , GF,,Q.Re.,.,. M = 626-4. 
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different covalent radii of Re‘ and Rev. A covalent 
formulation is also favoured for the related adduct [Re(CO),- 
C1],SbC15.3 Other distances are directly comparable with 
those of the only known metal carbonyl fluoride structure 

It is remarkable that an adduct can form between com- 
ponents containing metal atoms in two so dissimilar formal 
oxidation states. Presumably this is possible as a con- 
sequence of the differing stabilising influences of the two 
ligands, carbon monoxide and fluoride ion, which tend to 
equalise the net charge on the separate metal atoms by 
redistribution of 7.r-electron density. 

The green compound (2) contains discrete [Re(CO),]+ and 
[Re,F,,]- ions. Four carbon monoxide groups of the 
[Re(CO),]+ cation lie on a crystallographic mirror plane 
and the [Re,F,,]- anion is required to be centrosymmetric, 
consequently the single fluorine bridge is linear and the two 
linked ReF, octahedra are eclipsed. Average bond lengths 
are, Re-C 2-01(4), C-0 1-13(3), Re-F(termina1) 1.84(2), 
Re-F(bridge) 2.01(1) A. In this compound there is no 
doubt of the ionic formulation. There are no close con- 
tacts between fluorine atoms and the rhenium cation 
(closest contacts of F to the atoms of the cation are, to 
Re = 4-13 A, to 0 = 2-85 A, to C = 3.19A). The Re- 
(CO),+ cation is well known, the hexafluoroarsenate being 
the closest related ana l~gue .~  The [Re,F,,]- anion is a 
further example of the series [M,F,,]- established for a 
variety of metals., What is again remarkable is the 
mutual coexistance of Re1 and Rev in the same lattice. 

In  a recent study of the reaction of ReF, with Re,(CO),, 
the products were reported, to be a dark brown solid, 
formulated as Re(CO),F,, a green solution assumed from its 
colour to contain ReF,, and carbon monoxide. Our 
results provide no evidence for any of these compounds but 
the i.r. and X-ray powder data reported for Re(CO),F, 
closely resemble those we have obtained for [Re(CO)J+- 
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orange orthorhombic crystals, a = 22-34(5), b = 15.51(3), 
c = 13.67(3) A, U = 4737 A3, 2 = 16, D, = 3-51 g ~ m - ~ ,  
space group Pbca. (2) C,F,,O,Re,, M = 935-6, green 
orthorhombic crystals, a = 15.30(3), b = 13.64(3), G = 
8.16(2) A, U = 1703 if3, 2 = 4, D, = 3.65 g ~ r n - ~ ,  space 
group chosen Pnma. The data, collected by a Stoe Weissen- 
berg diffractometer using Mo-K, irradiation (graphite mono- 
chromator, h = 0.7107 A), and corrected for absorption, 
consist of 2047 reflections for (1) and 763 for (2). At the 
present stage of refinement R-values are 0.061 and 0.064, 
respectively, with anisotropic Re atoms only. 

The crystal structure of the orange compound (1) contains 
two almost identical Re(CO),F.ReF, molecules in the 
asymmetric unit. Both rhenium atoms are in approximate 
octahedral co-ordination and are linked by a bent fluorine 
bridge. Some details of the molecular geometry are given 
in the Figure. The chemical interpretation of the molecular 
structure is not immediately obvious. We prefer the 
covalent formulation Re(CO),F-ReF, to alternatives such as 

F 

F 

FIGURE. Molecular geometry of Re(CO),F.ReF,. Average bond 
lengths (A) with s.d.s, taken from the two non-equivalent 
molecules: a = 1.91(3), b = 1-83(3), c = 1.97(2), d = 2.17(4), 
e = 1.89(3), f = 1-19(4) ; g = 1.99(4), h = 1-13(3) A. The e.s.d.’s 
of individual bonds are Re-F 0.03, Re-C 0.05, C-0 0.07. Average 
Re-F-Re angle 141 O ( 1). 

Re(CO),.ReF, which implies an unlikely acid-base behaviour 
for the two components of the adduct, or the ionic formula- 
tion [Re(CO)s]+[ReF,]-. Certainly the Re-F(bridging) 
distances lend little support to any significant contribution 
from the ionic alternative when allowance is made for the (Received, 19th March 1973; Cow. 372.) 
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