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UV photolysis of HO, in solid Ar, Kr, and Xe yields isolated OH radicals and a complex between a water
molecule and a ground-staf#®§ oxygen atom. The vibrational bands of the HOB complex are observed

at 3730.1 and 3633.0 crhin Ar, at 3718.6 and 3622.4 crhin Kr, and at 3704.3 and 3607.3 cfin Xe
matrices. The assignment is based on isotopic substitution, selective photoinduced processes h&ween H
and HOH--O, and ab initio calculations. In Kr and Xe matrices, the complex is formed with much less
efficiency when compared with Ar matrices, indicating the existence of other photolysis channels.
Computational results on the complex geometry and vibrational frequencies are presented and compared
with experimental data.

1. Introduction OH+OH—H,0+0 @)

Hydrogen peroxide has, besides industrial uses, a great _ o )
significance in atmospheric oxidation reactibaad combustion ~ Photodissociation of yD, at 248 and 193 nm yields largely
chemistry2 and it has also been a subject of numerous Vibrationless OH radicals with a very narrow rotational-state
photodissociation dynamics studfesAlso, many biochemical ~ distribution. - About 90% of the available excess energy is
reactions involve the formation of #@,, for example, the ~ converted to translational energy of the OH rad|éél§..
production of halogenated organic compounds in seawater by Schiffman et at? estimated the quantum yield of OH production
haloperoxidasé. (reaction 3) to be 1.2z 0.13 in 193 nm photolysis and and

In principle, a number of possible photodissociation channels 1.58 &= 0.23 in 248 nm photolysis. The low quantum yield,
of H,0, can be written. In 193 nm photolysis, the following less than two, indicates that there are other photolysis channels.

reactions are energetically possible: Nevertheless, these additional channels have not been identified
yet. For instance, Bohn and Zetzsch estimated the quantum
H,0,—H + OOH ) yield for the reaction 1 to be less than 0.05 in 248 nm
photolysis?®
H,O0,— H,0 + o('D) (2) In solid rare gases, the information on photodissociation of
H,0, is less extensive. Kuo et ai! studied the photolysis
H,0,— 20H(X?IT) () products of hydrogen peroxide in argon matrices in connection
with a reaction between hydrogen peroxide and ethene. They
H,0,— H,00 4) reported several new IR bands from the 248 nm photolysis of

H»0, and suggested them to be due to water, OH radicals, and
H,0,—H,0 + O(3P) ®) their complexes .Wlthout deFaHed assignments. .
A number of different assignments for IR absorptions of OH
H.O.—H. + O 6 radicals can be found in the literati#e?” In Ar matrices, they
Zre T2 © are at about 3452 and 3428 cth?*?5and at 3548.20 cr.26

The photodissociation product in reaction 4 is the hypothetical 1he luminescence spectra of OH radicals were reported in
oxywater, where an oxygen atom in a water molecule forms a different rare-gas matricés.
bond to another oxygen atom. Oxywater was theoretically A main question in UV photolysis of D, in solid rare-gas
predicted to exi$t® and indirectly detected by mass spectros- €nvironment is what happens in the cage to the primary OH
copy? radical pair. There are basically two possibilities: one or both
In the gas phase, photodissociation of hydrogen peroxide hasOH radicals can escape from the cage, creating isolated OH
been studied extensivel§.2° The experiments have shown that radicals, or they can react in the cage. As we have measured
the main primary product in UV photolysis above 172.2 nm recently?® the cage-exit probability for an OH radical in 193/
are two ground-state OH radicdf4 The two OH radicals ~ 248 nm photolysis of kD, is about 17% in Ar at 17 K. The

can react to give water and atomic oxy(jén_ rest of OH radicals seem to form,8 + O, resulting in a
complex in the cage. In this paper, we identify and characterize
* Corresponding author. e-mail susanna.pehkonen@csc.fi. the formation of the HOH-O complex by means of IR
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@) The true PES consists of a double minimum where the oxygen
OHn OHb can reside at either hydrogen. A crude scan of the PES between
/ <01-H2-02 these two equal minima at the UMP2/6-31+G(2d,2p) level
<H1-01-H2 of theory gives an estimate of 4.7 kJ mbffor the dividing
H .. Rin barrier, which is similar to the interaction energy.
O The calculated (scaled by 0.95) harmonic wavenumbers of
the HOH--O complex and its deuterated analogues are collected
Figure 1. The optimized structure of the planar HOHD complex. in Table 2. The predicted vibrational shifts of the HOD
complex are interesting to compare with those of HOEO.
spectroscopy and ab initio calculations. Different rare-gas solids For the HOH--CO complex, the symmetric and antisymmetric
(Ar, Kr, and Xe) are considered and compared from the OH stretches were predicted to shift downwarel8.9 and

viewpoint of the photolysis products. —18.2 Y, respectively, at the MP2/6-31H-G(2d,2p) level}?
In Ar matrices, these shifts were observed to185 and—8.8
2. Calculations cm™1, respectively?®> For HOH--O the respective shifts are

predicted to be-16 and—18 cnTl. Moreover, for the HOH
--CO complex the water bending is predicted to shift 11.7%&m
upward from the monomer value, and experimentally this was
confirmed to bet-5.4 cnm .32 In fact, it is typical for hydrogen-
bonded complexes that bending modes associated with the
complexation show a shift upward compared with the unper-
turbed monome#® However, for the HOH-O complex the
noredicted shift is downward by5 cnm .

2a. Computational Details. All the calculations were
performed with the GAUSSIAN94 packa&deising second-order
perturbation theory (UMP2). All electrons were included in
the correlation calculation. The potential energy surface of
HOH---O was preliminarily scanned at the UMP2/6-31G(d,p)
level. The found minima were thereafter studied using a larger
and more flexible 6-311+G(2d,2p) basis set. This level of
calculation was found as an acceptable compromise betwee
efficiency and accuracy for weak chemical interacti#hd’he
harmonic vibrational frequencies were calculated analytically.
The interaction energy of the HGHO complex was evalu- 3a. Experimental Setup. Hydrogen peroxide was obtained
ated as the difference of total energy between the complex andfrom commercially available urea hydrogen peroxide (Aldrich,
the monomers at infinite distance, where the monomer wave 98% nominal purity) as described elsewh&reDeuterated urea
functions were derived in the dimer-centered basis set. This hydrogen peroxide was synthesized from urea, deuterated water,
approach corresponds to the counterpoise correction propose@nd 30% hydrogen peroxide solutigh. Argon (99.9999%
by Boys and Bernardht aimed to minimize the basis set purity, AGA), krypton, and xenon (99.997% purity, £ffee,
superposition error (BSSE) in the interaction enefgyp,-cp. AGA) were used without further purification. The gas mixture
All the calculations were carried out on SGI Power Challenge was deposited on a Csl or KBr window typically at 17 K. A
and CRAY C94 supercomputers at the CSC-Center for Scientific closed cycle helium refrigerator (Air Product’s Displex DE-
Computing Ltd. (Espoo, Finland). 202A) was used for cooling. The matrix can be heated with a
2b. Computational Results. A schematic picture of the  resistive heater, and the temperature was measured with a silicon
HOH:--O complex is presented in Figure 1. The calculated diode attached onto the frame of the cold window.
geometries, electronic energies, and BSSE-corrected interaction An excimer laser (ELI-76, Estonian Academy of Sciences)
energies at various levels of theory are collected in Table 1. was used for photolysis experiments at wavelengths 193 nm
At all levels of theory, the complexed OH bond is elongated (ArF) and 248 nm (KrF). The energy of the laser pulse at the
compared with the other OH bond. At the smallest level sample (diameter 20 mm) was typically-30 mJ. In some
(UMP2/6-31H+G(d)) the calculated elongation is only 0.0009 experiments frequency-doubled radiation from an optical para-
A, but it increases with the size of the basis set. At the largest metric oscillator (Continuum, OPO Sunlite), tunable down to
UMP2/6-311+G(3d,3p) level, the difference between the 225 nm, was also used. The infrared spectra were recorded
complexed and noncomplexed OH bond length is 0.0022 A. with a Nicolet 60 SX FTIR spectrometer in the region of 4600
The effect of Complexation on the 'Q‘B{) in the water angle 400 cnrt coadding 200 scans. Resolution used in the experi-
appears quite weak, the angle increasing from the monomerments was 1 or 0.25 cmh. Luminescence was analyzed with
value of 104.3%2 to 105.0 for the complex at the MP2/6-  a single UV-vis monochromator (Spex 270 M, resolution 0.3
311++G(2d,2p) level. Also, the increase of the basis set has hm) equipped with a gated ICCD camera (Princeton Instruments,
a small effect in the water angle within the complex. On the time resolution down to 3 ns). With a deposition line made
other hand, increasing the basis set influences strongly on thefrom PFA-plastic (Swagelock), the decomposition of hydrogen
resulting intermolecular angle;©H,—0,. Using the smallest ~ peroxide to water and oxygen could be minimized, although

3. Experiments

basis set (6-31%+G(d)) the tilt from linearity is ca. 27 and weak absorptions of monomeric water were seen in the IR
it decreases with increasing basis set. At the UMP2/6+31G- spectra.

(3d,3p) level, the tilt diminishes to $0which is very close to 3b. Experimental Results: Ar Matrices. The IR spectrum
the tilt found in HOH--CO complex both computationaff3 of hydrogen peroxide in Ar, Kr, and Xe matrices has been

and experimentall§* Other similarities between the perturba- analyzed elsewher&:3® In solid Ar, the OH stretching funda-
tion in HOH:+O and HOH--CO can also be found. The mentals of HO, lie at 3597.8 and 3587.8 crh and the
interaction distance in HO+O was found to be 2.23 A atthe  antisymmetric bending is at 1270.9 and 1277.0°&A@ Mon-
MP2/6-311+G(2d,2p) level of theory. For HOHCO the omeric water absorptions, in agreement with the literature data,
predicted intermolecular distance was slightly longer (2.34 A) were observed as an impurity. The absorptions #Hn solid

at the same levéf The calculated BSSE-corrected interaction Kr and Xe are very similar, shifted a few wavenumbers
energy for HOH--CO at the same level of theory was.89 downward from the values in solid Af.

kJ moi~1, which is quite close to the predicted interaction energy ~ Figure 2 presents a result of 193 nm photolysis eDklin

for HOH-+-O (—5.26 kJ mot?). solid Ar. The negative signals correspond to the decomposition
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TABLE 1: Optimized Geometries, Electronic Energies, and Interaction Energies of the Planar HOH:-O Complex®
OH1-01-H2 001-H2-02

OH.(A)  OHy(A) Rum(A) (deg) (deg) Eo (hartrees)  Eupa—cp (kJ mol?)
UMP2/6-31H+G(d) 0.9591 0.9600 2.3178 107.8 153.3 —151.169 4490 —4.437
UMP2/6-311+G(d,p) 0.9591 0.9604 2.3150 103.8 164.1 —151.199 2577 —4.544
UMP2/6-31H1+G(2d) 0.9626 0.9640 2.2903 105.4 156.4 —151.209 806 3 —5.125
UMP2/6-311+G(3d) 0.9628 0.9646 2.2455 104.4 165.2 —151.219187 4 —5.561
UMP2/6-311+G(2d,p) 0.9622 0.9639 2.2763 105.0 161.1 —151.227961 1 —5.287
UMP2/6-311+G(2d,2p) 0.9522 0.9544 2.2324 105.0 167.7 —151.234 3289 —5.260
UMP2/6-311+G(3d,p) 0.9621 0.9641 2.2389 105.0 164.2 —151.2355461 —5.740
UMP2/6-311+G(3d,2p) 0.9582 0.9604 2.2072 104.8 166.0 —151.2395016 —5.691
UMP2/6-311+G(3d,3p) 0.9587 0.9609 2.2085 104.8 170.0 —151. 240507 8 —5.602

a2The letter n refers to nonbonded and b to bonded OH.

TABLE 2: Calculated and Experimental Vibrational 0,2F T LE—
Frequencies (in cnm?) and Estimated Vibrational Shifts upon
Formation of the HOH---O Complex
complex water—oxygen complex water molecule freq shift 0,1
form calcd exptl calcd exptP theortl exptl
HOH---O 3773 (129) 3730 (100) 3790 (74) 3734.3-16 —4 0,0
3658 (52) 3633(33) 3676 (10) 3638.0-18 -5
1572 (57) 1578 (66) 1589.1 —5 o
229 (83) o 0.1
159 (98) put
100 (6) p . ' . :
HOD---O 3739 (46) 3700(36) 3734(47) 3687.3 5 13 a 3750 3600 3450
2691 (74) 2692 (100) 2710 (21) 2710.0-19 -18 .
1374 (50) 1383 (57) 1398.8—10 o , '
171 (29) o T ' ' '
136 (62) £ 00 N
100 < =
(10) _
DOH---O 3708 (153) 3665 3734 (47) 3687.3-26 —22
2714 (18) 2710 (21) 27100 4 -0,1r T
1385 (53) 1383 (57) 1398.8 2 -
234 (104) -0,2r .
141 (63)
102 (7) 03F ]
DOD-O 2769 (79) 2767 (100) 2777 (45) 2771.1-8 —4 1 (b) H,0, |
2641(27) 2653 (24) 2649 (7) 2657.7 -8 -5 0.4 L =
e 1155 (35) 11746 =5 74650 1500 1350 1200
119 (38) Wave number cm™
98 (15)

Figure 2. A differential spectrum of the photolysis products in solid
aThe UMP2/6-31%#+G(2d,2p) level of theory was used for  Arat17 K: panel a, OH stretching region; panel b, OH bending region.
calculations. The calculated frequencies are scaled with a scale factorThe negative peaks indicate monomerig@g) and dimer or multimeric
of 0.95. The numbers in parentheses are the relative infrared intensities(d, m) bands of KHO,.
given in units of km mol*. "Reference 40.

When the IR spectrum was recorded at higher resolution of
of H2O,, and several new IR absorptions appear. The sharp.25 cnrl, a doublet structure in the absorption bands was
bands at 3730.1 and 3633.0 chbelong to the same absorber, observed, as seen Figure 6. The doublet structure is visible in
and the band at 3554.1 cthbelongs to another species, which gl isotope-substituted species. In experiments wigDHthe
can be seen by comparing the correlation between the IR bandsjoublets are at 3730.7 and 3729.3 ¢énand at 3633.5 and
at different stages of the photolysis. Also, irradiation of the 3632.3 cml. Upon deuteration, the following doublets are
matrix generates weaker absorptions at wavenumbers 3725.4ormed: 2767.0 and 2766.2 cfy 2692.1 and 2691.2 cm,
(shoulder), 3452, 3428.6, 1630 (broad), and 1592.9"'cm  3699.8 and 3698.6 cm, and 3664.8 and 3663.7 cth We
Ozone (1039 cmt) is detected in very small amounts after suggest that the splitting is due to site effects.
prolonged photolysis with the excimer laser. All the strongest  \wnen a photolyzed matrix is annealed, the complex starts to
IR bands With the gppropriate assignments to the photolysis decompose. The growth of monomeric water and ozone is
products are listed in Table 3. detected after annealing above 25 K. The formation of water

UV photolysis of deuterated samples is presented in Figuresindicates that the complex consists of complexed water. The

3 and 4. Upon deuteration, the 3730.1 and 3633.0'dines ozone is due to the reaction of oxygen atoms with each other
shift to 2766.5 and 2653 CTﬁ, and also a Strong band at 2691.8 or with |mpur|ty oxygen molecule.

cm~! and two weaker bands at 3699.8 and 3664.9cgrow

in photolysis. In the photolysis experiments where DOOH and , Assignment and Discussion: Ar Matrices

HOOH dominated as precursors, irradiation produces only one

OD stretching at 2691.8 cm, as indicated in Figure 5. The Comparison of the 3730.1 and 3633.0 dnlines with the
3554.1 cm! peak and its shoulder at 3550.2 chshift to unperturbed monomeric water band centers in an Ar matrix
2620.1 and 2617.3 cm. The IR bands of the photolysis (3734.3 and 3638.0 cm for v3 andv, respectivelyd® suggests
products from RO, and HDQ are also listed in Table 3. strongly that these bands originate from complexed water
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TABLE 3: Strongest Photolysis Products of HO, in Ar, Kr, 0,08 . . . .
and Xe Matrices?
Ar Kr Xe assignt
37475 HO © 0,04
3730.1 3718.6 3704.3 H@--0 v3 o
3699.8 H®---O c
3664.9 DMH---O ©
3695.8 HO 2 0.00
3633.2 3622.4 3607.3 H@--0 vy o
3554.1 3547.1 3530 OH %)
3550.2 3541.8 OH o
3538.6 OH <C
3414.4 3401.8 HOO (free or -0.04r HDO, + D,0, |
complexed) . ) . )
2766.5 2758.8 2749.1 DD--0 v3
2691.8 2689 5 HO-+-0 27?/(\)/ 2720 A 2680 _1 2640
2653 2674.8 DO-+-0 v, ave number(cm?)
2620.1 2615.9 oD . . . . .
2617.3 26135 oD Figure 4. A differential spectrum of the photolysis products in the

vop region in Ar, when RO, HDO,, and a very small amount of @,

1630 broad OHOH? are present
1592.9 1589.9 1586.7  Ouon? P :
1383.9 HOO (free or . . :
complexed)
1174 1172 0.018
1095 HOO (free or
complexed) °
21n the complex formation, atoms connected with dots indicate the ©
complex bond. g 0,008
T T T -Q
o
0,08} HOD"O . @
o < 0,000 .
o < HDO, (+D,0,)
g DOHO HOoHO . . .
2004 2800 2750 2700 2650 2600
© Wave number(cm'1)
(2]
el Figure 5. A differential spectrum of the photolysis products in the
< vop region in Ar, when HDQ@and HO, are present. The negative peaks
0,00 HO belong to photolyzed HDQand to a very small amount of,D,.
22
3750 3700 3650 3600 3730.7
Wave number (cm™) 0,08 - \/3729.3 1
o
Figure 3. A differential spectrum of the photolysis products in the 13}
vou region in Ar at 17 K, when BD,, HDO,, and HO; is present. c
©
. . 9 004
molecules. The corresponding bands of deuterated species ~
are shifted from monomeric bands of® (2771.1 and 2657.7 8
cmt for vz andvy in Ar, respectively) and HDO (2710.0 and a
3687.3 cm! for v; andvs in Ar, respectively)f® It is clear <
. . L 0,00
that there is only one possible water complex arising from the
photolysis of monomeric $0,, HOH:--O. The appearance of . ) .
this complex agrees with photochemistry of®4 known for 3750 3700 3650 3600
the gas phase (see reactions 3 and 7), and this complex was Wave number (c m'1)

computationally shown above to be energetically stable. Also, Figure 6. von absorption of HOF+O complex measured at 0.25 chn

the absorptions growing in the photolysis correspond well to resolution in Ar at 17 K.

the calculated vibrational frequencies of the HOB. Water

dimer as a photolysis product can be excluded, because theithese bands arise from two isomers, H-bonded and D-bonded

absorptions are known to be different from those observed in forms, of HDO--O complexes. In many water complexes,

our study?*® HDO prefers the interaction via the deuterium atBrand the
Thus, we assign the lines at 3730.1 and 3633.0%ctm v3 stronger bands at 3699.8 and 2691.8 tmre assigned to OH

andv; modes of the complex, H@---O, and the lines at 2766.5 and OD stretchings of a HOBO complex. The OH stretching

and 2653 cm! belong tovs; andv; of DOD---O. The isotopic of the DCH---O is observed at 3664.9 cth Computationally,

shifts are 1.348 and 1.369 fog andv,, respectively, and they  the OD stretching of the DB---O complex lies at about 2714

are very close to the isotopic shifts of monomeric water ifAr.  cm™1, and it appears much weaker than the corresponding band

The difference between the two OH stretchings of the HDO in HOD---O. This may be the reason why we do not observe

complex, 34.9 cmt, exceeds site effects, and we propose that it.
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Bending absorptions of the HOHO complex and the
corresponding deuterated species were not identified, and there R0,
can be at least two reasons for this. First, the absorptions can
overlap with some water impurity bands, and second, the
absorption can be difficult to identify if the band is broadened
and locates in the water absorption region. In the bending
region, we observe a very broad absorption at 1630 ¢fwhm
62 cnt?), and it seems to correlate with the OH stretchings of
the HOH--O complex. However, the experimental shift from
the monomeric water is 41 crhcompared with calculated shift
of =5 cnt L. The bending mode of the HOHO complex can
also be hidden under the 1592 cthabsorption, which is very ) . ) .
close to calculations of the HOHO bending mode. It should 3750 3700 3650 3600 3550 3500
be mentioned that Engdahl and Nelander also failed to observe Wave number (c m'1)

the water be_n_dlng absorptions in the_ Watmdlne_ complex2 . Figure 7. Photolysis scheme of 4@, in argon. (a) A spectrum of 4D,

As an additional support of our assignments, it can be noticed pefore irradiation. (b) The formation of wateoxygen complex by 193
that the vibrational properties of the HOMO complex are very  nm irradiation, a difference spectrum. The negative lines indicate
similar to those of the watetiodine complex studied by Engdahl  dissociated KHO». (c) A difference spectrum of the decomposition of
and Nelandef?2 The HOH -l complexvs andv; fundamentals the water-oxygen complex at 300 nm. Notice that the amount of OH
are at 3714.3 and 3617.0 cf and they show a doublet radicals does not change during the decrease of the-HOlomplex.
structure below 17 K. According to the authors, the bending luminescence measurements that molecular oxygen is not
motion of wateriodine complex can be hidden under the formed in the photolysis of monomericE; in solid Ar.28 Small
rotational structure of free water or other water absorptions, amounts of ozone in the matrix can be formed possibly from
which is also similar to the present case. impurity O, molecules. Dissociation of monomeric,® to

Further evidence for the formation of the HOHD complex hydroperoxyl radical, HOO, and hydrogen atom is also possible.
can be found in photochemical studies ofOgl In our previous However, no sign of HOO radicals, which are known to absorb
paper?® we showed that kD, can be recovered from its at 3412.5, 1388.5, and 1101.1 ch#® was observed in the
photolysis products by a photoinduced reaction, and the infrared spectra after UV photolysis of,8, in argon matrix.
HOH---O complex was suggested to be the starting structure Photolysis of dimeric (or multimeric) $#0. should produce the
of the reaction. It was also shown that the normalized sum of HOO—HOH complex reported by Neland#r,and it was
H,O,, HOH---O, and OH radical pair remained unity during observed in our experiments in 27300 nm photolysis in very
the irradiation process, which indicates the closeness of theconcentrated bD,/Ar matrices. The formation of oxywater as

~—HOHO

\ OH

Absorbance
Ci

ooy \
/HOH 0 . R0, (©)

photochemical scheme a stable photolysis product in the photolysis gidd can also
be excluded. According to theoretical calculations ci©B
HOH:+-O < H,0, —~ 20H (8) by Huang et al® the intensity of the G-O stretching vibration

o . (666 cn1?, intensity 113 km mol') should be similar to that
The most efficient production of the HGHO complex (upto  of OH stretching. However, our experiments in argon show
55%) was obtained with the shortest wavelength 193 nm from no sign of G-O stretching that would indicate the presence of

example at 300 nm, after 193 nm generation of HO@, observed, the absorptions assigned in this work cannot belong
restored hydrogen peroxide, which can be described by thety oxywater, because the partly deuterated oxywater, HDO
scheme O, would have single OH and OD stretching bands, but we
193 nm 300 nm observe two OH stretchings assigned to H-bonded and D-bonded
H,0,— HOH---O —— H,0, 9) forms of the complex, HOB-O and DOH--O. Ozone is also

known to form a complex with wateép, and the fundamentals
This process is illustrated in Figure 7. First, photolysis gDk are at 3726.5, 3632.5, and 1592.5dnand at 2765.5, 2654,
dominates the photorecovery at 193 nm. Under irradiation at and 1176.5 cm'* for the D,O-:+O3; complex. These lines do
longer wavelengths (here 300 nm), the photorecovery6l,H  not match with our complex bands at 3730.1 and 3633.6cm
becomes much more efficient than® decomposition. The  and only the strongest ozone vibration is observed in the infrared
amount of OH radicals does not change during the 300 nm spectra after prolonged irradiation by 193 nm.
irradiation. This photorecovery reaction verifies the production )
of the HOH:-O complex in the photolysis of #D.. Indeed, 5. Kr and Xe Matrices
the photorecovery of monomeric,8; proves that the complex In solid Kr, we observe the OH stretchings of the HO®
consists of two hydrogen atoms and two oxygen atoms, and complex at 3718.6 and 3622.4 cin The formation of the
we can suggest only one candidate for this structure, HOH complex by 193 or 248 nm is not as efficient as in Ar matrix,
O. The details of the photochemistry on® can be found and it decomposes easily upon further irradiation. The OH

elsewheré? radicals were detected to absorb at 3547.1, 3541.8, and 3538.6
On the basis of simultaneous luminescence measurementsgcm™t. Monomeric water absorptions grow in photolysis in Kr,
we assigned the OH radical in Ar at 3554.1 @dn{with a suggesting that oxygen atom escapes from the cage after the

shoulder at 3550.2 cm),?8 our corresponding OD values being reaction OH+ OH — H,O + O. Also, a new sharp line at
2620.1 and 2617.3 cm. With this assignment, also they/ 3414.4 cm! appears in photolysis in Kr, and this line does not
vop ratio 1.356 is quite close to the gas-phase value. have a counterpart in Ar. This line is tentatively assigned to

Now, we discuss the possibility of other dissociation channels free or complexed HOO. The strongest IR absorptions of the
for H,O,. A reaction channel producing hydrogen and oxygen photolysis products in Kr and Xe matrices are given in Table
molecules can be discarded because we have shown by3.
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In Xe matrices two lines at 3718.6 and 3622.4 @ém (4) Kankaanpa, H. Sedimentation, distribution, sources and properties
belonging to the HOH-O complex, are observed in the IR of organic material in Gulf of Finland. Dissertation, Monograph of Borealis
. ’ Environment Research, 1997.
spectra. OH radicals are detected at 3530 ¢iut the amount (5) Meredith, C.; Hamilton, T. P.; Schaefer Ill, H. &. Phys. Chem
of OH radicals is very small compared to Ar and Kr. Three 1992 96, 9250.
lines found in Xe at 3401.8 (strongest), 1383.9, and 1095'cm mq(g)o%uangv H. H.; Xie, Y.; Schaefer Ill, H. Rl. Phys. Chem1996

assigned to free or complexed HGuggest oth}er photolysis (7) Xie, Y. M.; Allen, W. D.. Yamaguchi, Y.; Schaefer IIl, H. .
channels. Weak absorptions due to monomeric water are alsochem. Phys1996 100, 7615.
observed to grow in photolysis. In the photolysis of deuterated (8) Jursic, B. SJ. Mol. Struct. (THEOCHEMY1997, 417, 81.

samples, two very weak lines appear at 2749.1 and 2674.8 cm ’ J(9%hSe$L1fhéirr,1E;5688hilzl% C. A.; Goldberg, N.; Hrusak, J.; Schwarz,
which belong to deuterated complexes. (10) Suto, M.; Lee, L. CChem. Phys. Lett1983 98, 152.
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