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Difluorosilanethione F2Si=S (1) has been synthesized by matrix IR spectrum. Ab initio calculations at the MP2 and
CCSD(T) levels using large basis sets have been performed.Flash Vacuum Pyrolysis of (F3Si)2S at $ 500 °C and trapped

in an Ar matrix. Furthermore, 1 has been obtained by co- These calculations have guided the detection of 1 and the
vibrational assignment. The best estimate of the structure ofdeposition of SiS and F2/Ar and by pyrolysis of a matrix-

isolated SiS2–XeF2 complex under cryogenic conditions. All 1 with C2v symmetry is: r(Si=S) 191.1(1) pm, r(SiF) 156.1(1)
pm, /(FSiF) 103.3(2)°.six vibrational fundamentals of 1 have been observed in the

Our knowledge of molecular species exhibiting multiple uum thermolysis (FVT) of the cyclotrimer (4) and of other
organosilicon precursors. [13] However, attempts to synthe-bonds to silicon has expanded greatly over the past 20 years

due to both experimental progress and improvements in size the unsubstituted parent species H2Si5S by FVT of
different precursors failed, and only the dehydrogenationtheoretical methods. Above all, kinetic stabilization by

bulky substituents at both sites of Si5Si, [1] Si5C,[2] and product SiS has been observed. [14]

The present investigation adds to the limited list of unsta-Si5Pn (Pn 5 N, P, As) linkages[3] has enabled the synthesis
and isolation of numerous compounds that are thermally bilized monomeric, four-atom silanethiones by describing

F2Si5S (1). We report on the synthesis of this species bystable up to, and even above, room temperature and possess
“formally” double bonded silicon atoms. However, chalcog- FVT of (F3Si)2S (2). The unambiguous synthesis of the lat-

ter is also reported here for the first time. Alternatively, 1eno derivatives R1R2Si5Ch, with Ch 5 O, S, etc., provide
only the silicon site to accommodate bulky substituents, can be made in analogy to Cl2Si5S[11] by the action of F2

on SiS under cryogenic conditions. High-level ab initio cal-and it is not surprising that the first kinetically stabilized
thioxosilane (silanethione[4]) that is stable at ambient tem- culations, which guided the detection and support the

characterization of 1 by matrix IR spectroscopy, will alsoperature was made only recently. [5]

Monomeric silanones and silanethiones with trigonal be presented.
planar geometry at silicon are kinetically unstable due to

F2Si5S (F3Si)2S (CH3)2Si5S [(CH3)2SiS]3the lack of stabilization by bulky ligands. They have been
frequently postulated as intermediates, mostly on the evi- 1 2 3 4
dence of trapping experiments. [6] Only very few of these
short-lived intermediates were, however, directly and unam-
biguously detected by spectroscopic methods, either in the Experimental Results
gas phase, or in cryogenic matrices. Silanones X2Si5O with

It has been shown that at elevated temperature the cyclo-X 5 H,[7] F, [8] Cl, [9] and CH3
[10] have been the subject of

dimer of 3, [(CH3)2SiS]2 (5), is in equilibrium with thequite a few successful experimental studies, and numerous
cyclotrimer 4. [15] The photoelectron spectroscopic detectiontheoretical studies have guided and confirmed experimen-
of 3 in the FVT of 4 proved that this equilibrium involvestal work.
the monomer as an intermediate[13a] although it was notPhotolysis of matrix-isolated SiS in the presence of Cl2[11]

possible to trap 3 in an Ar matrix. [16]
and HCl[12] has provided the first silanethiones, Cl2Si5S
and Cl(H)Si5S, with trigonal Si coordination. Monomeric [(CH3)2SiS]2
(CH3)2Si5S (3), which was detected by photoelectron spec-

5
troscopy, has been generated in the gas phase by flash vac-

We chose 1 as our target molecule because reactions anal-
ogous to the dehydrogenation of H2Si5S,[14] or its isomeris-[a] Anorganische Chemie, FB9, Universität-GH,

D-42097 Wuppertal, Germany ation to yield the silylene HSi2SH, are unlikely to occur
E-mail: buerger1@uni-wuppertal.de for 1 for thermodynamic reasons, the Si2F bond being par-[b] Organisch-Chemisches Institut der Universität,

ticularly strong. It was therefore obvious to examine theCH-8057 Zürich, Switzerland
[c] Institut für Anorganische Chemie der Universität, thermal decomposition of (F2SiS)2 (6), which has been re-

D-76128 Karlsruhe, Germany ported in the literature. [17] This promising precursor 6 was[d] Lehrstuhl für Organische Chemie II der Ruhr-Universität,
D-44780 Bochum, Germany first mentioned by Gutmann et al., [17a] who passed SiF4
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over SiS2 at 1000°C in a quartz tube. Later, Aylett et al. [17b] as a carrier gas at $ 500°C in a quartz tube of 20 mm

length and 10 mm inner diameter. The thermolysis productsclaimed to have synthesized 6 by reaction of SiF2I2 with red
HgS at room temperature. were condensed onto a cold window mounted at a distance

of ca. 20 mm from the port of the oven. The deposit was
(F2SiS)2 first studied by infrared spectroscopy with a resolution of

6 0.5 cm21 in the 40024000 cm21 region. The spectrum is
displayed in Figure 1A.We have reexamined both reactions[18] and, although we

were able to reproduce their general courses and the sparse Evidently the decomposition of 2 is almost quantitative.
spectroscopic data quoted, the products claimed to be 6 The spectrum is dominated by the very intense absorption
were in fact identified as (F3Si)2O[17a] and 2, [17b] respec- of 28SiF4 at 1023.3 cm21, accompanied by satellites of
tively. Our attempts to prepare 6 or other perfluorocyclo- 29SiF4 at 1014.4 cm21 (4.7%) and of 30SiF4 at 1006.2 cm21

silthianes by reaction of the high temperature species (3.1%). In addition there are two sharp absorptions at 995.7
SiF2

[19] with OCS or SPF3 were unsuccessful in spite of the and 969.1 cm21 with an intensity ratio of ca. 2:1 (Figure
usefulness of OCS to transfer S onto matrix-isolated 1A). These absorptions are assigned to a hitherto unknown
SiCl2. [11]

product. Both the wavenumbers of these two absorptions
and their relative intensities agree perfectly with the ab in-
itio predictions for the ν1 and ν4 absorption bands, respec-Thermolysis of F3SiSSiF3 tively, of F2Si5S (1), Table 3.

The thermolysis of noncyclic silthianes, which might be
Although lying in the recorded spectral region, the Si5S

useful precursors for silanethiones, has not yet been investi-
stretching vibration ν2, expected near 640 cm21, was not

gated. We have found that in the condensed phase at room
found in this particular mid-infrared experiment (Figure

temperature 2 decomposes slowly to give SiF4 and the trisil-
1A) with its predicted intensity being only 0.4% of ν1.

dithiane F8Si3S2 (7). [18] Upon prolonged storage at 20°C,
decomposition of 2 proceeds further to yield more SiF4 and In order to gather more information on the vibrational
a solid deposit. The formation of 7 can be rationalized if 1 spectrum of 1 we have also investigated the matrix in the
is considered to be an intermediate (Equations 1 and 2). Far-IR range. Along with bands arising from the ν4 vi-

bration of SiF4 and from F3SiSH (8) [18] owing to some hy-2 R 1 1 SiF4 (1)
drolysis or minor contamination of 2, we eventually de-

2 1 1 R (F3SiS)2SiF2 (2) tected absorptions at 337, 296, and 247 cm21 with relative7
intensities of 2.5:4.5:1 (Figure 1B). These absorptions were
assigned to 1. The intensities of these absorptions decreasedIn order to detect any 1, which is presumed to be formed

according to Equation 1, we pyrolyzed 0.2% 2 seeded in Ar uniformly on annealing the matrix to 42 K, while absorp-

Figure 1. Matrix IR spectra of a deposit obtained by FVP of (F3Si)2S; A: 50021100 cm21; B: 1502650 cm21; on top, pointing downwards,
the ab initio predicted spectrum is shown; the labelling of the absorptions is: 1: F2Si5S; 2: (F3Si)2S; 8: F3SiSH; SiF4 peaks are marked
by an asterisk
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tions of the stable products persisted. UV irradiation of 193 In order to support the assignment of the absorptions of

1 we condensed gaseous SiS with XeF2 and Ar and photo-and 248 nm did not change the spectrum.
lyzed the resulting deposit with radiation from a high press-

F3SiSH ure Hg lamp. This experiment was performed by passing
8 Ar over crystalline XeF2 at 240°C and co-condensing this

mixture with SiS. The IR spectrum of this deposit revealed
The assignment in the 2002360 cm21 range is not as only the presence of SiS, XeF2 and a band at 725 cm21

straightforward as in the SiF stretching region because of assigned to a SiS2XeF2 complex. After photolysis, absorp-
partial overlap with bands arising from the precursor 2 and tions similar to those observed with a SiS/F2 mixture ap-
the hydrolysis product 8. Matrix absorptions at 354.1 cm21

peared and were assigned to 1. We did not find the SiS
(2) and 343.1 cm21 (8) did not disappear upon annealing stretching vibration of 1 in this experiment. In order to con-
the matrix; they correspond to strong gas phase absorptions firm our observation of this vibration (Figure 1B) we plan
at 358 and 346 cm21, respectively, and are assigned to δs to study the SiS2Ar/F2 system by Raman spectroscopy.
SiF3. [18] The corresponding asymmetric deformations ob-
served in the gas phase at 335 and 326 cm21 (2) and
325 cm21 (8) are weaker and occur in the matrix spectrum Ab initio Calculations
at 335.6 cm21 and 322 cm21 (broad, Figure 1). There is a

Theoretical Methodscoincidence of the 335.6 cm21 band with that of 1 at 336.5,
hence upon annealing of the matrix the band at 337 cm21

Quantum-chemical calculations were carried out at the
is only weakened while those at 296 and 247 cm21 disap- correlated levels of second-order Møller2Plesset pertur-
pear entirely. bation theory (MP2)[22] and coupled cluster theory with

Comparison of the matrix spectra before and after an- single and double excitations[23] augmented by a pertur-
nealing reveals a weak feature at 638 cm21 (Figure 1B) that bational estimate of the effects of connected triple exci-
must be due to an unstable intermediate. On the basis of tations [CCSD(T)]. [24] These calculations were performed
the ab initio calculations (Table 3; see below) we definitely with GAUSSIAN94[25] and MOLPRO94.[26] [27]

assign this feature to the Si5S stretching vibration. On the The correlation-consistent polarized valence basis sets
other hand, new weak absorptions at 1004, 981.5, 862.2, (cc-pVXZ)[28] [29] were used throughout, supplemented as
and 858.0 cm21 (ν SiF) and 561 and 557 cm21 (ν SiS) ap- suggested recently[30] to take into account core polarization
pear in the annealed spectrum; these have not yet been as- effects in the case of second-row atoms. Specifically, three
signed but might be due to oligomers of 1. different basis sets were employed: the first one denoted as

VTZ11 is derived from the triple-zeta cc-pVTZ basis [28] [29]

by adding a single set of d functions for Si and S[30] whoseReaction of Matrix-Isolated SiS with F2
exponents equal the highest d exponent in the correspond-
ing cc-pV5Z basis. [31] Analogously, the second basisIn analogy to the synthesis of Cl2SiS from SiS and Cl2[11]

co-condensation of SiS with F2 and Ar promises access to (VQZ11) is obtained from the quadruple-zeta cc-pVQZ
basis set [28] [29] by adding the same high-exponent d func-1. IR spectra of these deposits (Figure 2) revealed, in ad-

dition to absorptions of SiS (739 cm21) and its dimer and tions for Si and S.[30] [31] Replacement of the cc-pVQZ func-
tions for F and S by the corresponding augmented setsits trimer, some red-shifted bands at 728 cm21, which are

assigned to association products of molecular SiS with F2. (aug-cc-pVQZ)[29] [32] generates the third basis (AVQZ11),
which contains low-exponent diffuse functions to accountFurthermore, three additional absorptions at 995.6,

969.1, and 296.5 cm21 were observed that, owing to their for the electronegative character of F and S.
Spherical harmonics were used throughout. Unless statedinvariant relative intensities, were assigned to the same, no-

vel short-lived species. Of these, the two strong absorptions otherwise, the fluorine 1s-like and the silicon and sulfur
1s2s2p-like core molecular orbitals were always required to> 900 cm21 are likely to be due to SiF stretching vibrations

of tetravalent silicon bonded to two or more fluorine atoms. remain doubly occupied (frozen core approximation). Non-
dynamical electron correlation is not overly important inRespective absorptions of SiII fluorides should occur at

lower wavenumbers, 8402869 cm21. [21] One further band at F2SiS, as judged from the coupled cluster T1 diagnos-
tic, [33] [34] which is 0.013 for all three basis sets at the corre-903 cm21 (Figure 2) has not yet been assigned.

Both the wavenumbers and intensities of the three ab- sponding CCSD(T) minimum energy structures. Therefore,
1 is expected to be well described by single reference cou-sorptions mentioned above are in perfect agreement with

those that had been assigned in the pyrolysis experiment to pled cluster wavefunctions. The molecules SiS and SiF2

were also treated (see below). The T1 diagnostic for SiF2 is1 on the basis of ab initio calculations. Once again the SiS
stretching vibration of 1, predicted to be near 640 cm21 about 0.014, i.e. similar to the value of F2SiS, and 0.021 for

SiS. Although this latter value is already critical in the sensewith very low IR intensity and observed in the spectrum
shown in Figure 1B, was too weak to be detected. In ad- that results from single-reference electron correlation meth-

ods limited to single and double excitations (e.g. MP2,dition to the bands of 1, SiF stretching absorptions of the
stable product 8 (986.6 and 865.2 cm21) and SiF4 (1023 and CCSD) should be viewed with caution, CCSD(T) still per-

forms reasonably well. [34]386.7 cm21) were also observed.
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Figure 2. IR spectrum in the 70021200 cm21 range of the deposit formed by co-deposition of SiS and F2/Ar; 1: F2Si5S

The molecular geometry of 1 was optimized within the ies. The MP2/VTZ11 cubic and quartic normal coordinate
force constants that are not reported explicitly were deter-constraint of C2v point group symmetry. For the purpose

of comparison, the molecular structures of SiS (C`v) and mined with the use of a finite difference procedure[37] in-
volving displacements along reduced normal coordinatesSiF2 (C2v) were also optimized. Analytic energy gradients,

as implemented in the GAUSSIAN94 program,[25] were (step size ∆q 5 0.05) and the calculation of analytic second
derivatives (relative precision ε < 1027) at these displacedused at the MP2 level of theory, and numerical gradients

were employed at the CCSD(T) level with MOL- geometries. At the MP2/VTZ11 equilibrium geometry of
1, the Cartesian gradient components did not exceed 5·1027PRO94.[26] [27] The largest internal gradient components at

the stationary points did not exceed 3·1025 au. au. The anharmonicity corrections to the harmonic vi-
brational wavenumbers were computed from the theoreticalAt the computed equilibrium geometries, harmonic force

fields were evaluated either analytically in Cartesian coordi- anharmonicity constants using standard formulas based on
second-order rovibrational perturbation theory. [38] [39]nates (MP2/VTZ11)[25] or numerically in symmetry-ad-

apted internal coordinates from energies [26] (step sizes 0.02
Bohr for bond lengths and 1° for bond angles). The normal
modes and the harmonic vibrational frequencies were ob- Results and Discussion
tained in the usual manner. [35] [36] At the CCSD(T) level,
electric dipole moments were determined as numerical de- Table 1 shows the computed equilibrium geometries, elec-
rivatives of the potential energy with respect to a finite field tric dipole moments and atomic charges from a natural
component (0.003 au) using the MOLPRO94 program.[26]

population analysis [25] of F2SiS. As expected, the enlarge-
The following symmetry coordinates were chosen to rep- ment of the basis set from VTZ11 to VQZ11 shortens the

resent the quadratic CCSD(T)/VQZ11 force field: SiF bonds slightly (0.1320.18 pm) and the SiS bond some-
what more (0.3420.49 pm) while the FSiF bond angle in-S1(a1) 5 221/2 (r1 1 r2)
creases by 0.1220.15°. The addition of diffuse functions atS2(a1) 5 R
F and S (AVQZ11) leads to almost negligible changes inS3(a1) 5 621/2 (2α 2 β1 2 β2)
the structural parameters: the bond lengths increase by lessS4(b1) 5 221/2 (r1 2 r2)
than 0.1 pm and the FSiF bond angle decreases by less thanS5(b1) 5 221/2 (β1 2 β2)
0.05°. For a given basis, CCSD(T) predicts a longer SiSS6(b2) 5 γ
bond and shorter SiF bonds than MP2, but the differences
remain small (0.2320.38 pm), and the computed bondwhere r1 and r2 are the two SiF bond lengths, R is the Si2S

bond length, α is the F2Si2F bond angle, β1 and β2 are angles are almost identical. Correlating all electrons at the
CCSD(T)/VQZ11 level shortens the SiS and SiF bondsthe two F2Si2S bond angles, and γ is the out-of-plane

angle between the Si2S bond and the SiF2 plane. considerably, viz. by 0.85 pm and 0.83 pm, respectively,
whereas the FSiF bond angle is only slightly affectedFor comparison with the present experimental data, the

cubic and quartic force fields of 1 are required to deduce (10.07°). The computed values for the electric dipole mo-
ment of 1 are close to 1.2 Debye (see Table 1). The presenttheoretical values for the fundamental vibrational frequenc-
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Table 1. Computed equilibrium geometries and electric dipole moments of F2SiS[a]

Constant MP2 CCSD(T) Best
VTZ11 VQZ11 AVQZ11 VTZ11 VQZ11 VQZ11(ae)[b] AVQZ11 estimate[c]

SiS 192.25 191.91 191.96 192.63 192.14 191.29 192.20 191.1(1)
SiF 157.28 157.15 157.22 157.02 156.84 156.01 156.90 156.1(1)
FSiF 103.17 103.29 103.26 103.12 103.27 103.34 103.23 103.3(2)
µe 1.275 1.222 1.194 1.205 1.181 1.178 1.150 1.19(10)[d]

[a] Bond lengths in pm, bond angles in degrees, dipole moments in Debye. 2 [b] ae 5 all electrons correlated. 2 [c] See text. Estimated
errors in parentheses. 2 [d] CCSD(T)/AVQZ11 value at the best estimated molecular geometry. The dipole vector is directed from S to
Si. A natural population analysis (MP2/VTZ11)[25] revealed the following atomic charges (atomic units): Si 11.903, S 20.678, F 20.613.

best value [CCSD(T)/AVQZ11] is believed to be accurate lations. At this level there are no complications due to an-
harmonic resonances, except for ν2/2ν6 where pertur-to about 0.1 Debye.

The calculated geometrical data of F2SiS may be im- bationally and variationally determined Fermi shifts due to
this cubic interaction differ by about 4 cm21. Consequently,proved by taking into account the errors that appear in

analogous calculations for the related molecules SiS and all theoretical Fermi shifts of ν2 (ranging from
3.526.4 cm21) were obtained by matrix diagonalizationSiF2, where accurate experimental equilibrium geometries

are known.[40] [41] For this purpose Table 2 presents com- using harmonic wavenumbers from the given level of theory
and the coupling element W266 5 10.2 cm21 from MP2/puted and experimental equilibrium structures for both

species. It is seen that CCSD(T)/VQZ11 overestimates the VTZ11. The calculated fundamental wavenumbers are
quite stable with respect to the employed basis sets, i.e. thebond lengths in SiS and SiF2 by as much as 0.97 pm and

0.69 pm, respectively, if inner-shell contributions to the elec- corresponding data differ at most by 5 cm21. Comparing
CCSD(T) with the associated MP2 data, the differences dotron correlation are neglected. As in the case of 1, taking

core correlation into account [CCSD(T)/VQZ11(ae)] leads not exceed 9 cm21 in absolute value. Generally, the calcu-
lated wavenumbers agree with experiment to within 9 cm21,to a considerable contraction of the bond lengths in SiS

(20.69 pm) and SiF2 (20.76 pm) while the bond angle in with the exception of the out-of-plane vibrational mode
where the differences range from 11220 cm21. From aSiF2 changes only moderately (10.12°). Consequently, the

all-electron bond lengths in SiS and SiF2 are much closer theoretical point of view, our best data are those from
CCSD(T)/VQZ11 where the rms deviation from experi-to the experimental values than those obtained by correlat-

ing only the valence electrons (see Table 2). If the errors in ment is 7 cm21. This agreement between theory and experi-
ment is as good as can be expected, [34] especially when tak-the calculated bond lengths of these two molecules (with

and without the frozen core approximation) are used to cor- ing into account that the experimental vibrational wave-
numbers have been measured in an argon matrix (15 K) andrect the corresponding data for the target molecule 1, we

arrive at three consistent estimates for the equilibrium dis- not in the gas phase. Therefore, our calculations are fully
consistent with the assignment of the measured bands totances in F2SiS. The best estimate (see Table 1) is the aver-

age of these three individual estimates, which lie within the F2SiS. Further support for this assignment comes from the
theoretical (MP2/VTZ11) intensity pattern of the infraredquoted uncertainty. Since the calculated FSiF bond angles

in 1 are quite similar at all levels, we have adopted the absorptions, which is in very good agreement with the ex-
perimental relative intensities (see Table 3).CCSD(T)/VQZ11 value (103.3°) as our best estimate and

have assigned an error bar (0.2°) that covers all theoretical In Table 4 the CCSD(T)/VQZ11 harmonic symmetry
force constants of 1 are listed. Not surprisingly, this forcevalues of this angle (see Table 1).

Table 3 reports theoretical results for the fundamental field is dominated by the diagonal stretching constants F11

(SiF2 sym. str.), F44 (SiF2 asym. str.), and F22 (SiS str.).vibrational wavenumbers of F2SiS and compares them with
their experimental counterparts determined in this work. The associated potential energy distribution (PED) matrix

reveals a significant coupling only between the symmetricThe theoretical values were derived from the corresponding
harmonic wavenumbers obtained at a given level, by adding SiF2 (S1) and the SiS (S2) stretching coordinates (ν1: 68%

SiF2, 28% SiS; ν2: 28% SiF2, 69% SiS), whereas the otherthe anharmonicity corrections from MP2/VTZ11 calcu-

Table 2. Computed and experimental equilibrium geometries[a] of SiS and SiF2

Molecule Constant CCSD(T) CCSD(T) CCSD(T) Exp.[c]

VQZ11 VQZ11(ae)[b] AVQZ11

SiS SiS 193.90 193.21 193.96 192.9264(2)
SiF2 SiF 159.70 158.94 159.85 159.01(1)

FSiF 100.86 100.98 100.66 100.77(2)

[a] Bond lengths in pm, bond angles in degrees. 2 [b] ae 5 all electrons correlated. 2 [c] Refs. [40] [41] for SiS and SiF2, respectively.
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Table 3. Fundamental vibrational wavenumbers (cm21) of F2SiS

Mode Exp.[a] MP2 CCSD(T)
VTZ11[b] VQZ11[c] AVQZ11[c] VTZ11[c] VQZ11[c,d]

a1 νs(SiF2) 996 (2.60) 1003 (262) 1004 1000 1001 1005 (1015)
ν(SiS) 638 (0.02) 647[e] (1) 647[e] 646[e] 638[e] 641[e] (643)
δ(SiF2) 337 (0.30) 339 (25) 338 336 340 339 (340)

b1 νas(SiF2) 969 (1.30) 967 (142) 970 965 972 977 (988)
ρ(SiF2) 247 (0.12) 247 (10) 248 247 245 247 (248)

b2 γ(SiF2) 296 (0.54) 316 (33) 313 312 309 307 (308)

[a] Extinction in parentheses. 2 [b] Infrared band intensities (km/mol) in parentheses (double harmonic approximation). 2 [c] Anharmoni-
city corrections from MP2/VTZ11. 2 [d] Harmonic wavenumbers in parentheses. 2 [e] Including the shift due to the ν2/2ν6 Fermi
interaction. These shifts have been calculated variationally using harmonic wavenumbers from the indicated level of theory and the
interaction constant W266 5 10.2 cm21 (MP2/VTZ11).

Table 4. Computed[a] harmonic symmetry force constants Fij
[b] of diffraction, 194.8(4) and 195.2(4) pm.[5] It is also shorter

F2SiS than in SiS 192.9264(2) pm.[40] The SiS single bond length
in H3SiSSiH3 is considerably longer, 213.6(2) pm.[45]

i j Fij i j Fij

a1 1 1 6.437 b1 4 4 5.973
1 2 0.170 4 5 0.152
1 3 0.263 5 5 0.511 Experimental Section
2 2 5.167

Synthesis of (F3Si)2S (2): [18] 8.6 g (39.2 mmol) of SiF3I and 16 g2 3 20.123 b2 6 6 0.460
3 3 0.833 (69 mmol) of HgS were sealed together in a pyrex tube with a vol-

ume of 13.3 mL and allowed to react for 7 d at room temperature.
[a] CCSD(T)/VQZ11. 2 [b] Units are consistent with energies in aJ, Volatile products were purified by fractionated distillation using a
bond lengths in 100 pm, and angles in radians. low temperature column to yield 0.7 g (6.7 mmol) of SiF4, 1.7 g

(7.9 mmol) of SiF3I, 2.1 g (10.7 mmol) of 2, and 0.5 g of less vol-
atile products containing Si and S. The purity of 2, b.p. 23°C, wasnormal modes correspond to almost pure symmetry coordi-
checked by IR and 19F-NMR spectroscopy.nates (dominant PED contributions to ν3 2 ν6: above 95%).
Thermolysis of 2: Matrix isolation experiments were performed
using standard techniques with an APD CSW-202 Displex closed-
cycle He cryostat. Matrices were produced by deposition of ArDiscussion
(Messer Griesheim, 99.9999%) at a rate of 1.5 sccm/min on a CsI
window at 15220 K. Infrared spectra were recorded with a resolu-The present study establishes the existence of hitherto un-
tion of 0.5 cm21 employing a Bruker IFS 66 FTIR spectrometerknown 1 under cryogenic conditions. We have been able to
equipped with a KBr beam splitter and a MCT detector. The Farsynthesize 1 by FVT of 2, by reaction of SiS with F2 in an
IR experiments were performed using polyethylene windows, a My-Ar matrix, and by photolysis of a matrix isolated SiS2XeF2
lar beam splitter and a DTGS detector. Irradiations were carriedcomplex. All vibrational fundamentals of 1 were observed.
out with an Excimer Laser (Lambda Physics COMPex 100, ArF

These fundamentals were assigned on the basis of high-level 193 nm, KrF 248 nm).
ab initio calculations.

Reaction of Matrix-Isolated SiS with F2 or with XeF2: ExperimentsOwing to the strong mixing of the S1 and S2 coordinates,
were carried out using a Leybold RGD 510 closed cycle cryostat.the vibration with predominantly Si5S stretching character
Matrices were condensed onto a cold copper mirror. Spectra wereat 638 cm21 is much lower than those of Cl2Si5S
recorded in absorption by means of a reflection unit using a Bruker(805.6 cm21) [11] and Cl(H)Si5S (775 cm21) [12]. In matrix-
IFS 113v FTIR spectrometer. A constant flow of molecular SiS

isolated Si5S this vibration lies at 739.1 cm21. [42] The was produced by passing H2S over solid silicon resistively heated
Si5S stretching force constant of 1 obtained by quantum to 1200°C in an alumina tube. Fluorine was stored and mixed with
chemical calculations, 5.167 Ncm21 (Table 4), exceeds that Ar in passivated stainless steel containers. Photolysis (310 nm inter-
of Cl2Si5S (4.90 Ncm21) [11] and Cl(H)Si5S (4.83 ference filter) was performed with a high pressure Hg lamp (Osram
Ncm21) [12] as well as those of SiS and SiS2, 4.9 Ncm21. [43] HBO 200).
The C5S stretching force constants of related CS (8.5
Ncm21), CS2 (7.7 Ncm21) and F2CS (6.7 Ncm21) [44] vary
much more.
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