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Xenon is the most reactive stable rare gas, and its chemical *
properties have been widely explored since the discovery of the M
first xenon-containing compound by Bartlett in 1962Jsually, ¢) 355 nm
extremely electronegative substances are required to make a Xe- Ao o
containing compound, and such reagents are seldomly found in 1650 1620 1590 1900 1150 1100 1080 1000

nature, thus, allowing xenon chemistry only in the laboratory.
Recently, we have shown that Xe and Kr can form neutral

ground state HXY compounds, where=XXe or Kr and Y is a

fragment with a relatively large electron affinitfDne of the most

Wavenumber (cm")
Figure 1. Photolysis and annealing of a@8/Xe = 1/2000 matrix: (a)
situation after deposition showing the vibratiomtation bands of

rofound examples is HXeSH svnthesized in a low-temperature monomeric water; (b) situation after 4@ulses of 193 nm radiation
P u xampies | Yy 1zed 1 W p u showing the decomposition 6f70% of water; (c) annealing of the matrix

Xe matrix* Thg successful preparation of this compound prompted at 35 K mobilizes O atoms, which is evidenced by formation of ozone
the search of its oxygen analogue, HXeOH. Here we report the 5,4 Hg; (d) annealing at 48 K mobilizes H atoms, which is evidenced
preparation of HXeOH in a Xe matrix. This compound is unique py formation of XeH and a new product marked with *; (e) selective
because its preparation needs in addition to xenon only water, yleaching of the band at 1577.6 chby irradiation with 355 nm for 5
which is very abundant in nature, thus, shifting Xe chemistry from min. All of the spectra are recorded at 7.5 K with 1 dmesolution.
laboratory conditions toward environmental reality.

In experiments, water vapor was mixed with xenon in a vacuum a) H,0/Xe
line roughly in a ratio Xe:HO = 1000 or larger. The gas mixture HXeOH
was deposited on a Csl substrate held at 30 K, which resulted in
a highly monomeric matrix with respect to water. After deposition,
the substrate was cooled to 7.5 K.

Water molecules were dissociated in the matrix with a 193
nm ArF laser as demonstrated in Figure 1. Th®H> H + OH
channel and subsequent permanent trapping of H atoms and OH
radicals were confirmed by the observation of LIF (laser induced _HXeOD o o
fluorescence) from FXe," exciplexes and OH radical$.In addi- / \
tion, an IR band appeared at 3531.3éwhich can be assigned P
to OH radicals in agreement with the assignment in ref 7. The

b) H,0+HDO/Xe

Absorbance

OH concentration started to decay slowly after achieving a maxi- ¢) HDO+D,0/Xe DXe0D
mum, indicating that 193 nm photolyzes it to oxygen and hydro- /
gen atoms. The rise of O atoms was monitored by LIF as $vell.
After the decomposition of D and formation of H atoms and ﬂh\/\/\\N
OH radicals, the matrix was annealed at two stages. First, the
matrix was warmed to 35 K, and at this temperature O atoms are 1600 1590 1580 1570 1560 1160 1150 1140 1130
mobilized? as witnessed by appearing bands at 1383 and 1096 Wavenumber (em”™)
cm ! (HOp), and~1027 cnt (O3). No changes in the water-  Figure 2. Formation of different isotopomers of HXeOH in&/HDO/
bending region appear at this stage as seen in Figure 1. D,O/Xe matrixes: (a) Difference spectrum between the situation after

At the second stage, the matrix was warmed to about 48 K to 35 K annealing and 48 K annealing after 193 nm photolysis,af show-
mobilize H atoms. At this temperature Xg¢flappeared indicating  ing the formation of HXeOH only; (b) same as in (a) but withQH+
global diffusion of H atoms. In addition to known bands of XeH HDO/Xe yielding mainly HXeOH, HXeOD, and DXeOH; (c) same as in
at 1166 and 1180 cm, a new strong absorption appeared at (a) but with HDO+ D,O/Xe yielding mainly HXeOD, DXeOD, and
1577.6 cm? after annealing at 48 K, as shown in Figure 1. This DXeOH. All of the spectra are recorded at 7.5 K with 1 @mesolution.

band does not belong to a water molecule, and it appears only Comparative experiments with,8, HDO, and RO were

after 193 nm photolysis and annealing=a40 K. performed to identify the species responsible for the new
TE-mail._ pelters@osc.fi a_bsorption; and the results are presented in Figure 2. Two
(1) Bartlett, N.Proc. Chem. Sacl962 218. different shifts for the new compound were observed. A new band
(2) For a recent review, see: Holloway, J. H.; Hope, E.A@v. Inorg. at 1141.2 cm? indicates a D-shift for a hydrogen stretch with a
Ch(eg';’Plgt?grgs%rflh_ﬂ.l_‘)&nde” 2.Rmen, M. Eur. J. Inorg. Chem180 H/D ratio of 1.382 from 1577.6 cnt. The second band appeared
729-737 and references therein. ' at 1572.2 cm?, suggesting that the molecule contains another
(4) Pettersson, M.; Lundell, J.; Khriachtchev, L.; Isoniemi, E.s&®an, hydrogen atom. Consistent with this, the strongly shifted band at
M. (%-) 'érpe-ugkr)‘ﬁ:“- hsﬂofi\?/?tﬁ 1F29 K/lﬂ%ﬁ%?iggq 222 127140 1141.2 cm* also had another slightly shifted counterpart at 1149.3
6) Goodmangf'l;'gru& L. EL. Chem. Physl977 67, 4858-4865. cm1. When the HO:HDO:D;O ratio was changed, the relative
" (J7) Eﬁhkogﬁnh\slagFéetltSrzss%%r}?ﬁ/l%ligndell, J.; Khriachtchev, Lsafm, !ntensitie_s; of_the four bands changed accordingly. For example,
'(8) Lawrence. W. G.. Apkarian, V. Al Chem. Physi992 97, 2229-2236. in a matrix with mostly HDO and D, the band at 1577.6 cth
(9) Danilychev, A. V. Apkarian, V. AJ. Chem. Physi993 99, 8617 was almost invisible. All four absorptions have smaller sidebands
627. as seen in Figure 2. These bands are collected in Table 1.
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Table 1. Calculated Vibrational Wavenumbers (in chof Different Isotopomers of HXeOH Using the LJ18/6-311G(2d,2p) Basis Set

Compared with the Observed Wavenumpbers

HXeOH HXeOH HXeOD DXeOH DXeOD
approx mode MP2 e¥p CCSD(T) MP2 exp MP2 exp MP2 exp
A’ O—H stretch 3842.4 (51) 3835.6 2797.6 (31) 3842.3 (54) 2797.4 (37)
A’ Xe—H stretch 1822.7 (1456)1577.6 1677.9 1820.8 (1462)1572.2 1297.5 (745) 1149.3 1294.0 (750) 1141.2
1572.4 1566.1 1146.7 1137.5
1591.3 1581.9 1144.0
1584.6
A’ H—Xe—O—H antisymmetric bend  818.6 (8) 812.1  726.8(12) 766.1 (4) 607.8 (5)
A" H—Xe—0 oop bend 652.4 (7) 629.5  651.1(9) 474.5 (4) 472.8 (7)
A’ H=Xe—0O—H symmetric bend 584.1 (10) 574.5 492.6 (36) 454.4 (34) 444.7 (99)
A’ Xe—OH stretch 436.4 (126) 419.2  418.9(93) 434.5 (102) 402.2 (31)

aNumbers in parentheses are the calculated IR intensities (in km)mhlumbers in bold are the observed main absorptibRetermined from

a difference spectra between the situation before and after 355 nm induced decomposition of H(D)XeOH(D). This method resolves well even very

small sidebands which are not easily observable in Figure 2.

The photodecomposition threshold of the new molecule was
determined by irradiating the sample with different wavelengths
with an OPO (optical parametric oscillator) and then detecting

decomposition of the product The threshold was located between

400 and 375 nm. Photobleaching with 355 nm radiation is shown
in trace (e) of Figure 1. This experiment clearly demonstrates

177.2
177.4

1.7176
1.7399

0.9621
0.9610

that the species under question is not complexed water becausgyre 3. Calculated equilibrium structure of HXeOH. Bond distances

the photodissociation threshold is well below the dissociation
energy of water. After the photodecomposition, the compound
could be partially regenerated in the subsequent annealing.

are given in angstros, and bond angles are given in degrees. The
calculations were performed at the MP2 and CCSD(T) (lower values)
levels using the LJ18/6-3#1+G(2d,2p) basis set.

On the basis of these observations, the new bands are assigneg@ater. Interestingly, the HXe—O angle deviates slightly from

to HXeOH. The compound is formed from the decomposition

products of water at the temperature of hydrogen-atom mobiliza-

tion. The observed strong band at 1577.6 tis assigned to the
Xe—H stretch. The smaller shift to 1572.2 ckinduced by
deuteration is explained naturally by the deuteration of the OH
group and, accordingly, the band at 1572.2 &g assigned to
HXeOD. Similarly, the bands at 1141.2 and 1149.3 ¢trare
assigned to DXeOD and DXeOH, respectively. The photode-
composition at around 375 nm fits perfectly the known trend of
related compounds.

linearity which is different from the other related molecules which
were predicted to have linear HXeY group#.is notable that
F—Xe—O angle in FXeOSgF is about 177.5 bearing some
similarity to the H-Xe—O group. The G-H distance is just typi-
cal for a O-H group. The Xe-O distance in HXeOH is similar
to the experimental XeO distance of 2.16 A in FXeOSB4
The calculations at the CCSD(T) level give 0, 4.69, and 5.26
eV for the relative electronic energies for® + Xe, HXeOH,
and H+ Xe + OH, respectively. Therefore, HXeOH is a high-
energy compound with respect to the global minimumGH-

Our ab initio calculations fully agree with these conclusions. Xe), but it is still bound with respect to the (H Xe + OH)
The calculations were done with the Gaussian98 package ofasymptote by about 0.6 eV. Taking into account the computational

computer code¥. The relativistic effective core potential by

zero-point energies, the binding energy is reduced to about 0.3

LaJohn et al? (LJ18) was used on Xe, and the valence basis set eV at this level of theory.

was decontracted. The standard 6-8#1G(2d,2p) basis set was
used for oxygen and hydrogen.

The calculated structure for HXeOH is shown in Figure 3, and
the calculated vibrational spectra of different isotopomers of
HXeOH are presented in Table 1 together with the observed

The calculated spectrum supports strongly the experimental
assignment. The calculations predict a strong-Kestretching
band and the other modes to be much weaker. Experimentally,
the Xe—H stretch is the only strong band, and the other bands
above 450 cmt are presumably too weak to be observed. At the

bands. The Mulliken charges for the atoms at the MP2 level are MP2 level the calculated wavenumber of the-X¢ stretch is

—0.24,+0.82,—0.81, and+0.23 for H (Xe-bound), Xe, O, and

H (O-bound), respectively. This indicates a substantial ion-pair
character as in the other similar compouAdfe Xe—H distance

is near free (Xe-H)* bond distance of 1.602*being in line
with a (HXe)"(OH)~ ion-pair character. The XeO—H angle is
108.7 at the CCSD(T) level, and this value is near 10%.6f

(10) Pettersson, M.; Lundell, J.;"Baen, M.J. Chem. Phys1995 103
205-210.

(11) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, Jr., J. A,;
Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.;
Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.;
Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski,
J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K.;
Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J.
V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, |.;
Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng,
C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.;
Johnson, B.; Chen, W.; Wong, M. W.; Andres, J. L.; Gonzalez, C.; Head-
Gordon, M.; Replogle, E. S.; and Pople, J. Saussian 98revision A.3;
Gaussian, Inc.: Pittsburgh, PA, 1998.

(12) LaJohn, L. A.; Christiansen, P. A.; Ross, R. B.; Atashroo, T.; Ermler,
W. C. J. Chem. Physl987 87, 2812-2824.

(13) Rogers, S. A.; Brazier, C. R.; Bernath, PJFChem. Phys1987, 87,
159-162.

rather higher than that of the experimental, but at the CCSD(T)
level the agreement is fairly good. A similar trend was observed,
for example, for HXeSH.The calculations predict the HXeGH
HXeOD splitting to be 1.9 cm' and the DXeOD-DXeOH
splitting to be 3.5 cm! and this is in reasonable agreement with
the observed shifts, which are 5.4 and 8.1 ¢mespectively.

In summary, our experiments and computations strongly suggest
that HXeOH has been prepared in a low-temperature Xe matrix.
It represents a chemical compound formed from a rare gas atom
and a naturally very abundant and relatively inert molecule, and
it prompts for search of this molecule in nature. Although HXeOH
is predicted to have ad®f only about 0.3 eV with respect to (H
+ Xe + OH) asymptote it may be strongly stabilized by
electrostatic solvation and H-bonding effects, and its formation,
for example, in ice, under UV radiation seems realistic.
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