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HXeSH, the First Example of a Xenon-Sulfur Bond Table 1. Calculated Geometries, Mulliken Charges, and Dipole
Moment of HXeSH
Mika Pettersson;* Jan Lundell, Leonid Khriachtchev, MP2 CCSD(T)
Esa Isoniemi, and Markku Baen H—Xe (&) 1.7740 1.8443
Laboratory of Physical Chemistry, P.O. Box 55 ﬁ__ée(g?) iggig i'ggg
FIN-00014, Uniersity of Helsinki, Finland OH—S-Xe (deg) 91.02 90.34
. 0S—Xe—H (deg) 180.0 180.0
Receied March 27, 1998 Eq [aU] —524.970935 —525.007726
a —
Quite recently, we have reported a number of novel rare-gas ggg)) _8:2%2
compounds of type HXY (X= Xe or Kr, and Y is a fragment q(Xe) 0.671
with a large electron affinity). The compounds obtained so far q(H)" —0.226
include HXeH, HXeCl, HXeBr, HXel, HXeCN, HXeNC, HKrCl, u[D] 4.4579

and HKrCN!# They are prepared in rare-gas matrices at low
temperatures<50 K) by photolyzing a suitable precursor HY,
which yields isolated hydrogen atoms and Y-fragments. After Table 2. Calculated Vibrational Wavenumbers (in chof
photolysis, thermal mobilization of hydrogen atoms leads to their HXeSH

reactions with the rare-gas atoms surrounding the Y-fragments. mode MP2 cCsD(T) exp.
The resulting novel HXY rare-gas compounds are detected by

aS-ponded hydrogert.Xe-bonded hydrogen.

IR spectroscopy mainly via extremely intense-M stretching i;—Hljtsrfrtgéh %28'2 Eg)l 49) 2161?398 1118.6
absorptions. In this report we introduce a new member of this asym bend 652.6 @) 607.1 '
family, HXeSH. This molecule expands the number of elements  H-Xe—S bend 546.6 (4) 483.2
capable of making chemical bonds with xenon and represents the sym bend 472.5 (11) 437.1
first compound with a xenensulfur bond. Xe—S stretch 251.4 (37) 218.3

The_ electronic Sm.JCture calculations for HXeSH were carried a2The numbers in the parentheses are the infrared intensities (in km
out with the Gaussian 94 package of computer cdd&he molY).

relativistic effective core potential (ECP) by LaJohn et al. was

used on Xé&. _This_ ECP includes the d-subshell in the valen_ce of Xe—S. For the 1=+ state (Xe- SED)) and the lowest charge-
space resulting in 18 valence elect.rons and was used in a;,ncfer (XéS") state 21, 2.62 and 3.32 A were obtained for
decontracted form. The standard split-valence 63t&(2d,- the Re-values, respectivelit. Also, our Xe-S bond distance is
2p) basis set was used for hydrogen and sulfur. . near the +S bond distance of 2.67 A for the linear8-S unit
The calculated structural parameters of HXeSH at different j, (g ) 113+ 12 The calculated charge distribution indicates
computational levels are given in Table 1. LikeSiHXeSHis — qjanificant ion-pair character as in all the other HXY molecules

also a bent molecule with an+5—Xe angle near 90 degrees.  jpcon/ed thus far® Xenon carries a relativel i
. X . . y large positive
The calculated SH bond distance of 1.34 A in HXeSH is charge, and the SH group is negatively charged.

essentially the same as the experimental value i8/HThe Th lculated harmonic wavenumbers are given in Table 2

Xe—H distance (1.84 A at the CCSD(T)-level) is somewhat larger HXeS?HcaoCsus:seses 2strcc)mc %ﬁstereltjch'ne Zk?sgrgt'oen the cih:r )

than the value of free XeH(1.60 A® but much smaller than the o~ 9 Ing ption, .
modes being much weaker. The wavenumbers are very sensitive

van der Waals distance of neutral Xe (3.95 A)? The .
calculated length of the XeH bond compares well with XeH igﬁggllgvel of correlation, but the CCSD(T) result should be rather

and HXel molecules, which both have experimental—Xe ) ) )
stretching absorptions in the 1200 thregion of the spec- H2S was typically prepared at;8/Xe matrix ratio of 1/1000,
trum 1219 The calculated Xe S bond distance of 2.77 A can be  @nd highly monomeric sample was confirmed by different
compared with the recently calculated values for the excited statesdeposition temperatures and mixing ratios.

Both 193 and 235 nm irradiations were found to dissociate
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H,S/Xe = 1/1000

(H,S + HDS + D,S) = 1/1000

1200 1150 1100 1050 860 840 820

wavenumber (cm')

Figure 1. IR spectra of (a) K5/Xe = 1/1000 and (b) (K5 + D,S +
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Table 3. Observed Absorptions Appearing in Annealing the
H,S/Xe or (S + HDS + D,S)/Xe Matrices After Photolysis

wavenmbr assgnmnt wavenmbr assgnmnt
700 Xeh, bend 1093 XeHD, XeH stretch
753 XeHD, Xe-D stretch 1112.0 m HXeSH(D),
Xe—H stretch
828.3m DXeSH(D), 1118.6s HXeSH(D),
Xe—D stretch Xe—H stretch
832.8s DXeSH(D), 1136 br  HXeSH(D),
Xe—D stretch Xe—H stretch
843 br DXeSH(D), 1166 Xeh, asym stretch
Xe—D stretch
846 XeD, asym stretch 1181 Xelasym stretch
856 XeDy, asym stretch

am = medium strength, s strong.

molecules at all. Thermally, HXeSH is quite stable, and its
absorption was still visible after cycling the matrix to 100 K.

The assignment of the new absorptions to different isotopomers
of HXeSH is based on several facts. First, the new absorptions
are produced only in Xe-matrix, and no similar absorptions were
detected in other rare-gas matrixes. This suggests that Xe is a
constituent of the absorbing molecule. Second, deuteration shows
that the hydrogen atom is connected with the strong observed
absorption, and the deuteration shift is typical for the anharmonic
hydrogen stretching vibration. Only one new band per each
observed absorption of the H-form appears upon deuteration. This
is expected in the case of HXeSH because the reduced mass for
the Xe—H stretching vibration is strongly affected by the

HDS)/Xe= 1/1000 samples recorded at 7.5 K. Traces al and b1 representd@uteration of the XeH but very little affected by the deuteration

the situation after deposition, a2 and b2 after photolysis, and a3 and b3
after annealing at 50 K. The strongest absorptions of HXeSH(D) and
DXeSH(D) are marked with * and-, respectively. The band marked
with X is due to thevs + v, absorption of XeH™ (see ref 15). The bands
at 1166, 1180, and 1093 cthbelong to XeH and XeHD (see Table 3).

Scheme 1
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Upon deuteration, HXeD was observed at 1093 and 753'cm
and smaller amounts of Xeat 846 and 856 cni.2

In addition to these known bands, new absorptions at 1118.6
and 1112.0 cmt, together with a broad sideband centered at 1136
cm 1, were observed in the experiments with3H(Figure 1a).
Upon deuteration, the sharp bands were shifted to 832.8 and 828.
cm ! (see Figure 1b) giving a H/D ratio of 1.343. This value is
near 1.336 found for HXel in previous studiesThe broad

sideband is less prominent in the deuterated form and overlappec{fv

by XeD.,, and it is centered around 843 cin These new
absorptions are assigned to different isotopomers of the novel
rare-gas molecule HXeSH (Scheme 1). The absorptions appearin
in annealing are presented in Table 3.

The stability of HXeSH under glowbar irradiation was tested,
and no changes were observed after overnight irradiation. The
threshold for the photodecomposition in the visible region was
determined by irradiating the sample for 5 min at various
wavelengths and recording the IR spectrum after each irradiation.
The threshold was determined to be between 700 and 750 nm
Irradiation by 700 nm light for 5 min resulted in a 50%
decomposition, but 750 nm did not decompose the HXeSH

of the SH. In the latter case, the deuteration induces so small a
shift to the Xe-H stretching absorption position that it cannot
be resolved under our conditions. Thus, the—Xk stretching
absorptions of both HXeSH and HXeSD are observed in the same
position, and similarly, the Xe-D stretching absorptions of DXeSD
and DXeSH are unresolved. Third, the calculations predict
HXeSH to be a stable species, and the calculated position of the
Xe—H stretching absorption is in perfect agreement with the
experiments. Also, the general appearance of the spectrum of
HXeSH is very similar to the other HXeY species observed so
far possessing a strong sharp absorption which is accompanied
by a weaker absorption at the lower wavenumber and a broad
sideband at higher wavenumbé#fs!. Finally, no other candidates
can be thought of which would have similar absorptions in this
region. On this basis, the assignment of the new absorptions to
HXeSH is very plausible.
Since HXeSH has a XeH stretching absorption located in

he same region as those of Xg&hd HXel, the stability should

e similar in all of these compounds because the strength of the
Xe—H bond reflects the depth of the potential well of the molecule
nder question. On this basis, we can estimate thef BEXeSH
ith respect to dissociation into H Xe + SH to be about 0.4
eV, similar to those in HXel and Xet#*® The thermodynami-
cally most stable products would naturally beSH- Xe. The

%ond strengths of XeH and Xe-S are really the same because

if one of them is broken, the other one is no longer bound except
in a van der Waals sense. In the other words, both bonds break
simultaneously.

In conclusion, the first rare-gas compound with a>&bond
has been synthesized. This molecule, HXeSH, possesses a strong
characteristic Xe'H stretching absorption at 1118.6 tin Ab
initio calculations support the existence of this molecule.
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