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Several chalcogenide fluorides have been prepared 
[l, 21 and isolated [2] for the heavier metals of 
Group VIb of the Periodic Table. Apart from MoFsS 
[3], they all contain the metal in oxidation state VI 
and have the general formula MFaY (M = MO, W; Y = 
S, Se). We now report the preparation and isolation 
of the first thiofluorides of a Group VIIb metal, 
ReFSS, ReF4S and ReF$, in which the metal oxida- 
tion state ranges from VII to V. 

Experimental 

Rhenium heptafluoride was prepared by heating 
rhenium powder (99.9%; BDH) with an excess of 
fluorine [4]. The hexafluoride was prepared by the 
direct fluorination of a slight excess of rhenium 
powder [5]. Rhenium pentafluoride was obtained 
by reduction of ReF6 with silicon in anhydrous 
hydrogen fluoride [6]. Commercial samples of 
Sb2S3 (Technical Grade; BDH) and B&, (99%; 
Ventron) were degassed and used without further 
purification. Anhydrous hydrogen fluoride (99.5%; 
I.C.I. Ltd.) was purified further by fluorination and 
distillation. 

Thermal reactions were carried out in spun nickel- 
tube reactors attached to stainless-steel valves (Auto- 
clave Engineers) via a nickel head sealed with gold 
rings. Solution reactions were carried out in l/q” 
o.d. FEP tubes fitted with Teflon ‘Chemcon’ (Produc- 
tion Techniques) valves. 

Mass spectra and X-ray powder diffraction 
measurements were obtained as described previously 
[7]. Infrared spectra were recorded with a Perkin- 
Elmer 580 spectrophotometer using the powdered 
solids pressed between KBr plates. 

Results and Discussion 

The compounds ReFsS, ReF$ and ReFsS are 
prepared by the reaction of an excess of t$e appro- 
priate rhenium fluoride with either Sb& (eqn. 
1) or B& (eqn. 2). 

3ReF, + Sb& -+ 3ReF,,S + 2SbF3 (1) 

(x=5,6,7) 

3ReF, + BzS3 + 3ReF,,S + 2BF3 (2) 

(x = 6,7) 

For ReFsS and ReF$ the preparations involve 
heating ReF, and ReF6, respectively, with Sb& 
or BzSs in a nickel reactor at 300 “C, or reaction of 
Sb2S3 with the appropriate fluoride in anhydrous 
hydrogen fluoride. The quinquevalent compound 
cannot be prepared by thermal means since, at 
temperatures greater than 140 “C, ReFs dispropor- 
tionates [8] and, at temperatures below this, in the 
absence of solvent, reaction with B& or Sb& 
does not take place. However, reaction of Sb& 
with ReFs in anhydrous hydrogen fluoride occurs 
at room temperature. 

Freshly prepared ReF,S is a maroon solid, ReF4S 
is red and ReFsS is yellow. All three are exceedingly 
sensitive to traces of moisture and/or oxygen and 
deteriorate quickly even when handled in a dry 
nitrogen atmosphere (O,, -5 p.p.m.; HzO, -1 
p.p.m.). The decomposition of ReF$ is so rapid that 
unambiguous characterization is difficult. The slow- 
est to decompose is ReF$ yielding first a brown and 
then a black solid. When exposed to a moist atmo- 
sphere all three hydrolyse rapidly with evolution of 
H2S and HF. 

The mass spectra of the three compounds are 
related. The spectrum of ReF,S shows the expected 
splitting pattern (Table I) together with peaks 
attributable to oxides and oxide fluorides of rhenium. 
The oxygen-containing species are presumably prod- 
uced during the introduction of the sample to the 
mass spectrometer as well as being formed by the 
reactions of ReF, with oxide impurities in the other 
reactants. The spectrum of ReF4S gain exhibits the 
expected patterns but the extent of contamination 
by oxygen species is less than in ReFsS or ReF$, 
which is indicative of the relative stability of the 
hexavalent compound. In the case of ReF& oxide 
and oxidefluoride species predominate, the isotopic 
abundance pattern for the parent ion, ReFsS’, 
is not observed and the most abundant rhenium- 
sulphur species in the spectrum is ReF$?. This, 
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TABLE I. Observed Mass Spectrometric Splitting Pattern of TABLE II. Main Bands (cm-‘) in the Infrared Spectra of 

ReFsS. ReFsS and ReF4S Compared with those for Related Species. 

- ------ 

ReFs S ReFs 0’ ReF4S ReF4 Ob Assignment 
-- ~__ 

along with the preparative and hydrolysis observa- 
tions, is indicative of the low stability and high 
reactivity of the quinquevalent species. It is interest- 
ing to note, however, that disproportionation of 
ReFaS is likely to produce either ReF,S or ReF6 and 
the absence of both in the mass spectrum of the 
yellow product suggests that, in solution in 
anhydrous HF, ReFsS is stable. 

The X-ray powder diffraction patterns of ReFsS 
and ReF4S confirm that they are structurally dif- 
ferent and that they do not contain ReFs. Compari- 
son of the ReF4S data with those of related species 
shows that it is not isostructural with ReF,O, WF4S 
or MoF4S although the pattern resembles that of the 
last. 

The main features of the infrared spectra of ReFsS 
and ReF4S include peaks in the regions associated 
with v(Re-F) terminal and V(Re***F) bridging in 
addition to bands which are tentatively assigned 
to v(Re=S) (Table II). The peak at 583 cm-’ in the 
ReF4S spectrum is close to the value for v(Re=S) 
postulated for ReCL,S [l l] . The results imply that 
both ReF$ and ReFsS are fluorine bridged poly- 
mers. In the case of ReF4S the peaks are shifted by 
an average of 20 cm-’ from the corresponding peaks 
in ReF,O [lo] and this close similarity suggests that, 
in the solid state, ReF4S may well have a structure 
related to the fluorine-bridged chain arrangement 
found in ReF,O [12]. In the spectrum of ReFsS 
the presence of small quantities of ReF50 is indicated 
by a small peak at 960 cm-’ but, in the case of 
ReF& ReF40 is only a trace contaminant. In all 
samples where Sb2S3 has been used as a reactant the 
product contains SbFs, the presence of which is 
indicated by an infrared band at 600 cm-’ [ 131. 
Because of the extreme reactivity of ReFsS, satis- 
factory infrared and X-ray diffraction data have, so 
far, not been obtained. 
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bSee Ref. 10. 
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