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Since the pioneering work of Bartlett et'ed. number of xenon
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compounds with electronegative elements (halogen, O, N) haveFigure 1. (a) Calculated spectrum & (MP2/RCEP, TZ2Pf) scaled by
been reported in the literature, while compounds with bonds to 0-979. (b) IR difference spectrum showing the annealing iof a 0.5%

other elements, in particular carbon, are still rare. In 1979, Lagow

et al? claimed the synthesis of Xe(gk however, the unequivo-

Xe-doped Ar matrix: bottom, bands disappearing; top, bands appearing
on annealing at 40 K.

cal spectroscopic characterization of this compound is still lacking. gcheme 1

Frohn et af described the X-ray structure of {§&Xe]", a stable,
crystalline cation with a XeC bond distance of 2.092 A.

Recently Ra&en et al. reported on the matrix isolation of the
linear HXeH moleculd,a neutral molecule which does not contain

electronegative elements, and several HXeX=Cl, CN, etc.)

molecules. The bonding of these molecules may be described

as resonance hybrid betweer-Xet—B~ and A~—Xe*—B with

a positively charged xenon atom. Since the bonding of charge-

transfer compounds of type -AXe—A and A—Xe—B is es-

sentially due to Coulombic attraction, the stability of these species
depends on the electron affinity (EA) of fragments A and B,

respectively.
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photostationary equilibrium with up to 90% of Irradiation with

The interaction of electron deficient singlet ground-state a high-pressure mercury lamp & 230 nm) of a mixture ofl
carbenes FC: and Xe could similarly lead to an attractive charge- and2 recovers acetylen2 nearly quantitatively. Interestingly,

transfer interaction and formation of compounds of typ€R-

193 nm irradiation oR in Xe does not lead to any photoproduct,

Xe*. A carbene that is ideally suited to study the interactions while irradiation in solid Ar capped with Xe produces the same

with Xe is difluorovinylidene 1). The EA oflin the gas phase

mixture of 1 and 2 as without Xe-capping. This clearly

was determined by Lineberger et al. using negative ion photo- demonstrates that the lack of photoreactivity2oh Xe does not
electron spectroscopy to 2.255 eV, almost five times higher than result from a filtering effect of Xe.

that of the parent vinylidene 48=C:87 In contrast, the EA of
difluorocarbene FC: is only 0.170 e\®. We recently demon-
strated that high yields df are obtained by irradiatior (= 193
nm) of matrix-isolated (argon, 10 K) difluoroacetyleng).t
Vinylidene 1 is stable under the conditions of matrix isolation,
but rapidly reacts with CO or Neven at cryogenic temperatures
(Scheme 1).

The photochemistry of acetylereand thermal reactions of
vinylidenel were investigated in Ar, Xe, 0.5% Xe-doped Ar and
0.5% Kr-doped Ar matrices. Irradiation @fin Ar at 7 K with
an ArF excimer laserA(= 193 nm) produced and 2 in a
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Annealing ofl in Ar at temperatures higher than 25 K enables
the diffusion of N, which is always present in the matrix as a
contamination from small leaks in the vacuum system. Due to
the high mobility of N and its reactivity towardl, diazo
compound3 is rapidly formed. Temperatures higher than 35 K
enable the diffusion of vinyliden& and formation of further
thermal products. The main product with IR absorptions at 1735,
1271, and 938 cnt was identified as tetrafluorobutatriend) (
by comparison with the gas-phase IR spectiuand ab initio
calculations (Scheme 1). Other IR bands of thermal products
of 1 could not yet be assigned.

Irradiation of2 in Ar doped with 0.5% Xe &7 K produces the
same mixture ofl and2 as irradiation in pure Ar. Annealing at
40 K, however, yields, 4, and a novel set of IR absorptions at
1620, 1220, and 898 crh (Figure 1, Table 1). Obviously,
carbenel is trapped by Xe and a new compoufds formed.
(Under the same conditions, no reaction betwéemd krypton
takes place.) Irradiation & with 193 nm does not produck
but rather leads back to acetyleBe This could explain why
neitherl nor 5 is observed in a neat Xe matrix. The vinylidene
1 formed during the photolysis &f immediately reacts with Xe

(10) Miller, F. A.; Elbert, W. F.; Pingitore, WJ. Mol. Struct.1977, 40,
25-42.

(11) MP2/6-311G(d) scaled by 0.97: 174Q(hiC=C=C str.), 1281 (h,,
asym F~C—F str), 938 (lp,, sym F—C—F str) cnt. Further vibrational bands
(77,114, 142, 192, 348, 395, 515, 520, 532, 569, 616, 677, 1272, 1367, 2174)
have no significant IR intensities.
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Table 1. Computed Harmonic and Experimental Vibrational Wavenumbers (§nof F,CC*Xe (5)

mode basis set shift
(sym) description 9 Ie nd expe calcd expe
1(@d) CC str+ CF; str (in phase) 1651 1640 1647 (211) 1620 (50) —65 —52
2 CF, str (out of phase) 1259 1243 1255 (218) 1220 (100) —50 —47
3 CF; str (in phase)+ CC str 916 908 915 (76) 898 (40) —-27 -20
4 CF; scissorst CF; rock + XeCC def 566 568 572 (4)

5 mainly CF, scissors{ CF, rock) 517 518 522 (31) +1

6 XeCC def+ CXe str+ CF; rock 188 202 196 (21)

7 CXe str+ XeCC def 120 136 129 (7)

8 (d") CF,; out of plane 577 573 579 (3) -7

9 XeCCF(cis) torsion 167 173 172 (4)

2 At the MP2 level of theory using the frozen core approximatfoMP2/RCEP, TZ2Pf¢ MP2/RCEP,aug-cc-pVTZ MP2/AE, TZ2Pf, IR band
intensities (km/mol) in parenthesedn Ar at 10 K, rel intensities (based on the strongest absorption) in parenth@sdsd (MP2/RCEP,TZ2Pf)
shifts relative tol. 9 Shifts relative tol in argon at 10 K.

Table 2. Computed Equilibrium Geometries (A, deg) of Scheme 2
F,CC*Xe (5) and RCC (1) 1359 1350
F,CC*Xe basis set JCC basis set 1164y Fro20 \123.1° F Fo2r
c ~ L 02 —Chs0  c—¢ OV —Clhoas
paran‘? | 1l 11 1, Il Il 1{;\«1.322 - 1511 —
CcC 1.359 1.359 1.358 1.350 1.351 2379 ’ / F F-0.30 F
CF cis 1.322 1.326 1.324 1.311 1.313 133.6°
CF trans 1.324 1.327 1.325 1.311 1.313 Xe Xe +039
CCF cis 133.6 133.8 133.8 123.1 123.1 . .
CCE trans 116.4 116.6 116.4 123.1 123.1 to 102, and the distance between the terminal carbon atom and
CXe 2.379 2.335 2.350 Xe to 2.38 A (Scheme 2, Table 2). Since the CXe potential is
XeCC 101.8 101.7 102.0 flat, the uncertainty in the calculated CXe distance is expected

a At the MP2 level of theory using the frozen core approximation to be large. Compared to that f the CC distance as well as
ren p ” ; " the CF bond distances # are elongated by ca. 0.01 A. This
b The label d“t fi ly to,EC*Xe (5). °B t : .
| ang fﬁ :rz iglesntigl foﬁﬂz i;%gtg[?z écorznmecje( 1))_ asts seis corresponds to the observed red-shifts of the CC and CF stretching
vibrations. Due to a repulsive interaction of the Xe atom with

to give5, which is photolyzed back to acetyleBand Xe. Thus, one o_f the qu_orine atoms, the CCF bond angle for the cis flqorine
Xegacts as a photF())cataI))//st for the— 2 tratzsformation similar atom is considerably larger (133)@han that for the trans fluorine
t0 Ny.9 ' atom (116.4).
! . I _ The calculated IR spectrum Bf(from harmonic wavenumbers
Compared to the CC stretching vibration (1672 émthe

: . scaled by 0.979, which gives the best fit of the calculated and
asymmetrical (1267 cm), and the symmetrical (918 crt) CF, : ; :
stretching vibrations of, the IR absorptions d are red-shifted experimental spectrum df nicely reproduces the experimental

: spectrum (Figure 1, Table 1). It is quite surprising that despite
by 52, 47., and 20 cri, respectively. _ _ . the low binding energy of the Xe atom the three observed IR
To assign the IR spectrum and to investigate the electronic

VA ! absorptions are red-shifted up to 52 ¢mn
structure of the adduct df and Xe, ab initio calculations were The bonding irb is described best as a charge-transfer complex
performed at the MP2(fc) level using three large basis sets (I

e J HITee 1d > A\l with the Xe atom donating electron density to the in-plane vacant
111). 1213 Relativistic effects for Xe are implicitly included in basis p-orbital of the vinylidene. IrL as well as in5 the RC group
I 'and Il which employ relativistic effective core potentials for gries only a very small negative charged(11 and—0.10 e,
Xel” The theoretical r.e.suilts for the V|brat|onal Wavenumbe.rs respectively, natural population analysis (NPA) charges are used
(Table 1) and the equilibrium geometries (Table 2) are quite

Ch - e throughout this discussion). However, whilelithe terminal C
similar for basis setslll; hence, relativistic effects are apparently  gtom’is slightly positive+0.11 €), in5 this C atom is negatively
not dominant for these properties. For the sake of brevity, the

) A . - charged {-0.29 e) and the Xe atom carries a positive charge of
following discussion will always refer to the MP2/I data (unless g 39 e, Consequently, with 3.18 D, the dipole momerf if
noted otherwise). A minimuris found on the KC;Xe potential much larger than that of (1.09 D).

surface with an uncorrected binding energy of 3.6 kcal/mol  The computed binding energy Bfdepends on the theoretical
relative to RFCC + Xe (2.8 kcal/mol with counterpoise corrections, method employed. At the Hartre&ock level, the potential
2.0 keal/mol with additional zero-point corrections). The Xe atom gy rface for LCC + Xe is repulsive. At the correlated MP2 level,

is positioned in the JCC plane, the CCXe bond angle calculated  the uncorrected binding energies are 3.6, 6.1, and 3.9 kcal/mol

— ) for basis sets tlll, respectively. These values are slightly
(12) Abbreviations: MP2(fc) MgllerPlesset second-order perturbation Y . .
theory with frozen cores; aug-cc-pVTZ augmented polarized valence friple- f€duced by counterpoise and zero-point corrections (see above)
basis!415TZ2Pf triple< basid® with cc-pVTZ polarization functions! RCEP so that the best MP2 estimate is around 3 kcal/mol. Exploratory

relativistic compact effective potentials and associated valence basi#det,  optimizations at the coupled-cluster level (CCSD(T)/I) indicate
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contraction and additional polarization functions (exponents: d 0.25, 0.36; f with MP2/1) but confirm that5 is bound relative to ¥£C + Xe.
3-‘#0)' Basis llid%u?-CCEPVTZ( for C antd F, Xedas é%%%j? |dW(i)tq3f;dt§ti0Ua||” In summary1is the singlet carbene with the highest reactivity
Iffuse s, p, an unctions (exponents: s and p 0. s . . basis Il H : .
TZ2Pf for C and F, AE basis for X6 with a (24s19p14d)/[16si4pgd]  OPserved so far. It not only dimerizes or reacts with CO apd N
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