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Photodissociation of CO; -H, O: Observation of the 0~-H, 0+ CO, product

channel

Coleen M. Roehl, Joseph T. Snodgrass, Carol A. Deakyne,?

and Michael T. Bowers®

Department of Chemistry, University of California, Santa Barbara, California 93106
(Received 3 December 1990; accepted 29 January 1991)

A new product channel, O~ -H, O + CO, was discovered in the photodissociation of

COj; *H, O. Experiments were conducted by crossing a mass selected 8 kV ion beam with a.
linearly polarized laser beam and measuring the kinetic energy distributions of the charged
photodissociation products. Distributions were collected at photon energies of 2.41, 2.54, and
2.71 eV. By varying the angle between the ion and the laser polarization vector, product
angular distributions were obtained. Relative photodissociation cross sections of this process
were determined by comparisons with known processes: a) CO; *H,0 + Av—-CO; + H,0
and b) CO; + hAv—0~ + CO,. 4b initio calculations focusing on geometric structure and
vibrational frequencies of the ground state of O ~+H, O were performed using GAUSSIAN 82 and
GAUSSIAN 88 programs. With both MP2/6-31G** and MP2/6-31 + G* basis sets, the lowest
energy structure obtained was quasilinear with an O~ - - -H-O angle of 3°. Vibrational
frequencies and rotational constants obtained from these calculations were employed in
statistical phase space modeling. Phase space theory indicated a photoinduced “intracluster”
reaction mechanism was responsible for this novel product channel.

I. INTRODUCTION

The importance of molecular negative ions and ionic
clusters in ionospheric chemistry has prompted numerous
laboratory studies over the past decade. Besides providing
chemical and physical data necessary for atmospheric mod-
eling, these studies also report on the thermochemistry, ki-
netics, and spectroscopy of various species. Work done on
the CO; ion and its weakly bound clusters is a case in point.
COj is believed to be a dominant ion in the mesosphere and
is found throughout other regions of the earth’s atmo-
sphere.!"* Hydrates of CO;™ have also been detected and are
found to exhibit similar photophysical characteristics to
CO3_ .4—-10

Photodissociation experiments have proven valuable in
the study of such weakly bound negative ions and ionic clus-
ters. The identity of the photofragments following laser exci-
tation and the partitioning of the photon energy among the
various degrees of freedom of the photofragments are of par-
ticular interest. It has been known for some time that
COj; *H, O photodissociates at visible wavelengths to yield
CO; 4+ H,0 as products.*'° Results of our photodissocia-
tion study on CO; *H, O forming CO; and H,O were re-
ported in detail in a previous paper* and will only be briefly
reviewed here. The important asymptotic energies for the
system are given in Fig. 1. The proposed mechanism for pho-
todissociation of CO; -H, O into CO; and H, O is the fol-
lowing: (1) Photon absorption occurs via transition local-
ized on the CO; chromophore; (2) The excited state
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internally converts to the CO; *H, O ground state, with a
high degree of vibrational excitation localized on the CO;
moiety; (3) The vibrational excitation localized on the CO;
moiety begins to slowly randomize throughout the cluster
ion; (4) Before complete energy randomization has oc-
curred, CO; +H, O dissociates to CO; and H,O. Only a
small fraction of the available energy is partitioned into
translation of the nascent CO; , leaving CO; with a signifi-
cant amount of internal energy. Small kinetic energy releases
in the dissociation, as well as isotropic product angular dis-
tributions, support the idea that the photoexcited cluster
leading to photodissociation is bound and long lived.

Previous work>''"!?* suggested that O~-H,0/CO,
might be a product channel in the photodissociation of
COj; -H, 0. In this paper, we give experimental evidence
that O ~-H, O/CO, is indeed a product channel in the pho-
todissociation of COj; *H, O and its kinetic energy distribu-
tion, angular distribution, and cross section (relative to
COj; ) are determined. Ab initio molecular orbital calcula-
tions focusing on the geometric structure, cluster energies,
and vibrational frequencies of the ground state of O ~-H, O
are performed using the GAUSSIAN 82 and GAUSSIAN 88 set of
programs and results are reported. Phase space theory im-
plementing the theoretical parameters is used to mode] the
observed product kinetic energy release distributions. Dif-
ferent isomeric parent and product ions are considered by
comparing experimental and statistical phase space modeled
kinetic energy distributions in an effort to understand the
mechanism of this interesting reaction.

Il. EXPERIMENTAL

The experimental method has been described in detail
elsewhere'*!” and will only be briefly reviewed here. Figure

@ 1891 American Institute of Physics
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FIG. 1. Schematic diagram showing energy states of importance in this
work.

2 shows a schematic of the apparatus. The CO; -H, O ion
was produced in a high pressure temperature variable ion
source containing pure CO, . No additional H, O was added
as residual H, O impurities in the CO, feed gas and gas inlet
system proved adequate. The likely mechanism for cluster
ion formation is:
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CO, + e~ -0~ +CO,
0- +CO, + M=CO; +M
CO; +H20+M—*CO3-'H20+M,

where M is a bath gas molecule (CO, in the present work).
The CO, pressure in the ion source was ~0.25 Torr and the
ion source temperature was held at ~273 K. Ions that ef-
fused out of the source were accelerated to 8 kV, mass select-
ed by the magnet, and brought to a spatial focus where they
were crossed by light from an argon ion laser. Photon ener-
giesof 2.41, 2.54, and 2.71 eV were employed. A polarization
rotator was used to vary the angle between the electric vector
of the laser beam and the ion beam direction. Angles of (°,
54.7°, and 90° were used. Photofragment ions were mass and
energy analyzed by a high resolution electrostatic analyzer
and detected using single ion counting. Background signals,
due to metastable reactions or collision induced dissociation
(CID) processes, were subtracted by chopping the laser
beam and doing up/down counting.

ill. RESULTS
A. Photodissociation cross section

The apparatus used in the experiments reported here is
not designed to measure absolute cross sections. However,
the photodissociation cross section of CO;H,O

+ Av—-0~-H,0 + CO, could be determined relative to the
CO; + hv—>0~ + CO, process since CO; *H, O and CO;
coexist simultaneously under our experimental conditions.
Thus, by comparing the photodissociation signals of each
process at various wavelengths, relative cross sections were
obtained. The relative intensity of the competing
CO; *H, 0 + hv—-CO; + H,Ochannel was also measured
and a branching ratio between the two channels was deter-
mined. Comparisons of these three processes were conduct-
ed at two wavelengths by normalizing their ion intensities.
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MAGNETIC
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Ij ION
SOURCE

COMPUTER
EQUIPMENT

FIG. 2. Schematic diagram of the instrument
used in the photodissociation studies.

ELECTROSTATIC
ANALYSER

ELECTRON
MULTIPLIER

PULSE COUNTING

4. Chem. Phya,, Yol. 24, No. 10, 15 May 1221



6548

The results are given in Table I. The magnitude of the
CO; *H,0 + hv—-0~-H,0 + CQ, photodissociation cross
section was found to be only a factor of 2 to 4 less than that of
COj; at both wavelengths, but is substantially less than the
CO; *H,0 + hv—~CO; + H, O channel. For example, at
514 nm, the photodissociation cross section of the
CO; /H, 0 product channel is 31 times greater than the
O ~+H, 0/CO, product channel.

As noted in Table I, we measure a cross section for pho-
todissociation of CO; *H, O that is ~4 times that of CO; at
2.41 eV photon energy and ~ 2.6 times that of CO; at 2.54
eV photon energy. Both of these differences are in reasonable
agreement with the earlier measurements of Smith ez al.’
who report the CO; *H, O cross section is 4.5 + 1.5 times
larger than COjy in this photon energy range. Our reported
absolute cross section for CO; *H,O of ~1X 10~ ¥ cm? is
about a factor of 2.5 smaller than reported by Smith ez al.,’
possibly because we normalize to the CO; photodestruction
cross section of Hiller and Vestal.'® It is very unlikely that
the photoexcited CO;™ or CO; +H, O survive from the pho-
ton absorption point to our detector ( ~ several us flight
time) and thus resulting in our smaller numbers. Phase
space theory calculations* indicate photoexcited CO; *H, O
has a lifetime in the 10 =¥ to 10~ ® s range.

B. Product kinetic energy distribution

Product kinetic energy distributions were obtained with
the laser polarization at the “magic angle” of 54.7°. Using
this configuration, the measured peak shape is independent
of the product angular distribution.”* The kinetic energy
distribution is obtained from the peak shape by simple differ-
entiation followed by transformation from the laboratory to
center-of-mass frame.'’

Figure 3(a) shows the laboratory frame kinetic energy
distribution of O ~*H, O from CO; -H, O at a wavelength of
514 nm (2.41 eV). The resulting product kinetic energy dis-
tribution, in the center-of-mass frame, is shown in Fig. 3(b).
The product kinetic energy distribution peaks near zero and
falls off smoothly and essentially exponentially at higher
product kinetic energies. Similarly shaped distributions
were obtained at other wavelengths.

The average kinetic energy release values, E, deter-
mined from the measured distributions, are reported in Ta-
ble II. The energy available to the dissociating photopro-
ducts, E,,, is given by

TABLE 1. Relative cross sections.

A=241eV A=254eV

Cross section Cross section
Process (cm?) (cm?)
CO; +hv—0~ 4+ CO, 7.0%x 10~ 2% 2.5%x10- 12
CO; *H,0 + hv—-0~*H,0+CO, 29x10-*® 6.4x10-%°
CO; *H,0 + Av-»CO; + H,0 9.0X 10~ '%® 1.0x10-'8®

*Reference 16.
Relative to the CO; cross section.
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FIG. 3. Photodissociation of CO; *H, O to give O "*H, 0 + H,0 + CO, at
514 nm and a laser polarization of 54.7°. (a) Laboratory kinetic energy dis-
tribution. (b) Center-of-mass kinetic energy distribution of the products.

Eav =h‘V—D(C02 ""0_'H20) +Eint’ (1)

where Av is the photon energy, D(CO, — O ~*H,O) is the
bond dissociation energy to form O ~-H, O/CO, products,
and E,, is the initial internal energy of the cluster ions. E,,
values listed in Table II were calculated assuming
D(CO, —O~+H,0)=1.58 eV (see Sec. IV) and
E,. . =0.025 eV. (We have assumed E,,, = 0.025 eV since
the parent CO; *H, O cluster ions experience an average of
several hundred thermalizing collisions before exiting the
source. )

TABLE 1II. Average kinetic energy release values, E,, for
CO; *H,0 + Av-+0~H,0 + CO,.

Photon Available

energy energy” E,

(eV) (eV) (eV)

2.41 0.80 0.084

2.54 0.93 0.091

2.1 1.10 0.110

* Defined by Eq. (1) in the text.

Jd. Chem. Phys., Vol 94, Na. 10, 15 May 1881
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The average kinetic energy release values are similar to
kinetic energy release values obtained from two other photo-
dissociation processes investigated in our group.*

CO; *H,0 + hv~CO; + H,0, (2)
CO; -CO, + hv—CO; + CO,. (3)

Unlike these latter systems, however, the photoproduct’s ki-
netic energy values for O ~*H, 0/CO, products are depen-
dent on the photon energy employed. Approximately 10%
of the available energy is partitioned into relative transla-
tional energy of the O " +H, O photoproduct at each wave-
length measured.

C. Product angular distributions

The product angular distribution can be expressed

aslS,!8.19

P(6) = (4m) ~'[1 + BP, (cos 0)], (4)

where P(8) is the probability that the products fragment
into the solid angle w at an angle 8 with respect to the laser
electric vector, P, (cos ) is the second degree Legendre
polynomial in cos 6, and S is a parameter that indicates the
degree of anisotropy present in the dissociation and depends
on the orientation of the transition dipole moment with re-
spect to the dissociation axis. The values of B fall between
— 1 and 2, with positive values indicating a parallel pho-
toabsorption process (transition dipole moment along the
intermolecular axis), negative values a perpendicular pro-
cess (transition dipole moment perpendicular to the inter-
molecular axis), and zero an isotropic dissociation.

To observe the maximum effects of photofragment ani-
sotropy, product peaks were collected at electric vector po-
larizations of 0° and 90°. Representative data for CO; -H, O
dissociating to O ~*H, O + CO, at a photon energy of 2.41
eV is shown in Fig. 4. The 0° and 90° peaks are nearly identi-
cal. The value of B extracted from this data is very close to
zero throughout the range of relative kinetic energies of the
separating photofragments. This result indicates that the

CO3™ - HoO + hy —= 0~ -Hy0 + CO,

1.0 A =514 nm
> - POINTS 8= 0°
= osl LINE 8 = 90°
w
z =
[ 7]
Z os
|;| -
e 0.4}
< »
-
w
o 0.2
L
0.0 ‘n.{‘-" IR N S 1 i 1 artdtedesid
3421 3491 3561

LABORATORY ION KINETIC ENERGY (eV)

FIG. 4. Laboratory kinetic energy distributions for the O ~-H,0 + CO,
product channel at 514 nm and laser polarizations of 0° and 90°.

photoexcited cluster ion lifetime before dissociation is much
longer than a rotational period; i.e., 7> 10~ %5,

D. Calculational methods and results

The calculations on O ~*H, O were carried out ab initio
on a VAX 8650 computer with use of the GAUSSIAN 82 and
GAUSSIAN 88 series of programs.’®?! Fully optimized geo-
metries were obtained at the MP2/6-31G** and MP2/6-
31 4+ G* calculational levels employing analytical gradi-
ents*® and the frozen-core approximation.?> Bond lengths
were optimized t0 0.001 A and bond angles to 1°. Both linear
(open) and bifurcated hydrogen-bonded systems were ex-
amined. Normal-mode vibrational frequencies were com-
puted with the MP2/6-31G** and MP2/6-31 -+ G* equilib-
rium structures.

Planar and nonplanar structures were investigated for
the open and bifurcated hydrogen-bonded systems. For both
the planar and nonplanar forms, we determined 1) whether
the nonhydrogen-bonded hydrogen H atom in the linear
complexes is ¢is or trans to the O ~, and 2) whether the O-H
bond lengths remain symmetric in the bifurcated complexes.
The most stable MP2/6-31G** and MP2/6-31 4- G* linear
and bifurcated structures are depicted in Fig. 5. Total ener-
gies (E,, a.u.) and zero-point energies (ZPE, eV) are also
included in the figure. The linear geometry is more stable
than the bifurcated geometry regardless of basis set.

For both calculational levels, the linear (open) hydro-
gen-bonded complex has C,; symmetry with the nonhydro-

MP2/6-31G**

1.108 1378 0979 / Hy. 187
~ H
01~ Oq [0 P EE—-————" ¢ P
0.962 / o2 39 \ “e
Hz H» '
Linear Bifurcated
Cs CZv

Er =-151.14609 au
ZPE = 0.571 eV

Er =-151.12649 au

MP2/6-31 + G*

1.053 1615 0.984 / Hy. 2167
~ Hi.
Oy e O2 0, -8 - (e}
41° 459
0970 [ 98.0° 0984\ K
H, H, 2168
Linear Bifurcated
Cs CZV

Er =-151.18072 au
ZPE = 0.619 eV

Er =-151.17241 au
Og is 0.6" aboveH; O Hj plane

FIG. 5. Linear and bifurcated optimized geometries calculated at the
MP2/6-31G** and MP2/6-31 -+ G* levels. Total energies and zero-point
energies are included.

J. Chem., Phys., Vol @4, Mo. 10, 18 May 1691
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gen-bonded hydrogen H atom cis to the O . Calling this
complex linear is not strictly correct, since H, is 3-4° above
the O---O axis. While the O~H bond distance lengthens for
the hydrogen-bonded hydrogen H atom compared to the
distance in H, O, H atom is not transferred to the O~. The
MP2/6-31G** O-H bond length for H,0 is 0.961 A; the
MP2/6-31 + G* bond length is 0.971 A. The bifurcated
form has C,, symmetry at the MP2/6-31G** level, which is
reduced to C,; symmetry at the MP2/6-31 + G* level. For
the latter computation, the O ~ is about 1° out of the plane of
the water molecule and the O- - -H bonds are asymmetric by
about 0.001 A.

For the linear complex, diffuse functions shorten the
0,-H, bond, lengthen the O,-H, bond, lengthen the
H, -0, bond, and decrease the H, O, H, angle. For the
bifurcated complex, diffuse functions lengthen the O,-H, ,
bonds, lengthen the O,---H,, bonds, and increase the
H,0, H, angle.

IV. DISCUSSION

A drift tube mass spectrometer and an argon ion laser
were used by Moseley and co-workers® to conduct the first
photon interaction studies with CO; -H, O at discrete pho-
ton energies between 2.35 and 2.71 eV. Assuming bond ener-
gies D(CO, — O~ )0f2.0 4+ 0.2eVand D(CO; *H, 0™ ) of
0.5 eV, they thought it energetically possible for CO; -H, O
to photodissociate into three product channels: CO;

+ H,0, 0~ +H,0 + CO,, and CO, + O~ + H,0. Their
results, however, strongly indicated that the major product
of CO; «H, O photodissociation in this wavelength region
was CO; + H, O and that little or no O "*H, O or O ~ pho-
tofragment ions were present.

The absence of the O ~ /CO, /H, O photoproduct can be
explained by considering the photon energies employed and
the recently determined bond energies of both CO; and
CO; *H, 0. Our earlier study* indicated that the least ener-
getic dissociation channel of the core CO; ion, the produc-
tion of O~ and CO, fragments, occurs at an energy of 2.27
eV, not 2.0 eV as was previously thought.?* Further, Keesee
et al. have found water molecules and core CO; ions to be
bound by 0.61 eV.'° From these numbers, O ~ photoproduct
formation would require at least 2.88 eV. Single photon exci-
tation in the range of wavelengths used for this experiment
provide a maximum of 2.71 eV. Thus, the CO,
+ O~ + H, O channel is inaccessible at these energies.

An analogous argument cannot be made to rule out
O ~-H, O as a potential photoproduct. According to thermo-
dynamic determinations, O ~*H, O is energetically feasible
from parent CO; -H, O cluster ions at the photon energies
employed here. Although no reactions of O ~-H, O were di-
rectly observed, reactions (5) and (6)

0~ (H,0) 4+ 0,-+0; +H,0 (5)
O~ (H,0) +H,0-0H" (H,0) + OH (6)

were assumed by Fehsenfeld er al. in order to explain ob-
served reactions of O~ and H, O in their flowing afterglow

Roehl et al.: Photodissociation of CO; -H,0

experiments.'! From these reactions, an upper limit of 1.3
eV for DJ(H,0 — O~ ) was deduced. Using the relation:

D3(H,0 —CO;)+D3(CO, —0") —DIH,0—-0")
=DJ(0"+H,0 — CO,) (N

and the dissociation values above, a lower limit of
D3(0~+-H,0 — CO,) > 1.58 eV is calculated. Consequent-
ly, the O~+*H,0 + CO, product channel is energetically
accessible at the photon energies employed here, in line with
our experimental observations.’

One possible reason why O ~<H, O was not observed in
the drift tube experiments may be the sensitivity. Photodis-
sociation of CO; *H, O yields only a few percent O ~-H, 0
ionic product with a quite small cross section (Table I). A
second, and more likely explanation, is that O ~+H, O reacts
rapidly in the presence of CO, with reaction rate constants
on the order of 8Xx10~ ' cm?/s.”* Consequently, any
O ~+H, O photoproduct could react in the high pressure re-
gion of the drift tube prior to detection. In our apparatus,
photodissociation occurs in a virtually collision free environ-
ment, (p < 10~° Torr) eliminating the possibility of reac-
tions after photodissociation.

The data presented thus far leads to some immediate
conclusions about the dynamics of CO; -H, O photodisso-
ciation. The extremely low kinetic energy release suggests
that the upper state accessed by the photon is bound rather
than repulsive. This statement is further supported by the
isotropic angular distribution and the nearly zero 3 value,
which indicate that the lifetime of the photoexcited cluster
ion is substantially longer than a rotational period. The small
kinetic energies of the photoproducts also suggests that
much of the available energy, beyond that necessary to break
the cluster bond, is deposited into internal energy of the dis-
sociating fragments.

To examine the deposition of internal energy among the
photofragments in greater detail, the experimental kinetic
energy release data were modeled using statistical phase
space theory.?¢ In order to perform the calculation, all of the
species involved must be characterized according to their
fundamental vibrational frequencies and rotational con-
stants. In addition, the differences in the zero-point energies
between the parent ion and various transition states involved
must be known. For orbiting ion—molecule transition states,
the polarizability of the neutral is also required. When values
for these parameters cannot be acquired directly from the
literature, reasonable estimates can be obtained by inspec-
tion of the data available on similar species. Vibrational fre-
quencies and rotational constants have already been estab-
lished for the neutral fragment CO,,”” but are not known
experimentally for the O ~-H, O anion. We used the vibra-
tional frequencies and rotational constants calculated here
for O ~-H, O (and reported in Table I1I).

The theoretical kinetic energy release distributions were
relatively insensijtive to the magnitude of vibrational fre-
quencies and rotational constants and therefore a detailed
knowledge of the various geometries involved was not cru-
cial to obtaining reasonable energy distributions. The distri-
butions were, however, strongly dependent on the total ener-

J. Chara. Priya., Yol 24, No. 13, 15 iay 1991
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TABLE II1. Parameters used in the phase space theory calculations.

Parameters O~"-H,0 CO,

v (em™') 3008 1338"
5258 617"
9468 667"
17488 2349"
23558
38158

B® (cm~') 1.184482 0.673"

o (A%) 2.59'

¢ (amu) 19.2

D§ (eV) 1.6

Bim (cm™') 0.087%

* Vibrational frequencies.
bRotational constant.

€ Polarizability of neutral.

9 Reduced mass.

¢ Dissociation energy.

fRotational constant of cluster ion.
# Calculated as described in the text.
h Reference 27.

'Reference 28.

) Calculated thermodynamically.

¥ Calculated assuming a bond length of 2.0 A.

gy available to the dissociating complex and hence to the
energy differences between parent and fragment ions. This
quantity was used as a parameter and was varied until the
best fit with experiment was obtained. Theoretical and ex-
perimental distributions for a photon energy of 2.41 eV are
compared in Fig. 6.

Excellent agreement between theory and experiment re-
sults for the O~ -H, O + CO, channel when the entire 0.80
eV of energy available to CO; ‘H, O is assumed statistically
distributed in the dissociating cluster ion. This suggests that
the thermodynamically calculated energy difference (1.58
eV) between the O ~*H, O + CO, product and parent ion is
approximately correct. Also, complete energy randomiza-
tion supports the conclusion from the angular dependence

1.0 CO5~ - Hp0 + h¥ —== O H,0 +CO,
A = 514 nm
osr ——— EXPERIMENTAL

----- PHASE SPACE THEORY
CALCULATION

PROBABILITY

X - ! 1 1 1 i )
0.0 0.2 0.4 0.6 0.8 1.0
CENTER OF MASS KINETIC ENERGY (eV)

FIG. 6. Product center-of-mass kinetic energy distribution for the photodis-
sociation of CO; *H, O to give O~ -H, 0 + CO,. The phase space theory
results assume all of the available energy is statistically distributed in the
products.

studies that the dissociation leading to O ~*H, O 4 CO, oc-
curs via a slow process on the molecular rotation time scale.

To summarize, photoexcitation of CO; +H, O leads to
two sets of products. The CO; /H, O channel dominates and
accounts for ~95 4 4% of the products observed. A de-
tailed study of this channel indicated® that CO; acted as a
chromophore and that intramolecular energy transfer from
the resultant vibrationally excited CO; moiety to the
COj; +H, O cluster was the rate determining step in the disso-
ciation of the cluster leading to CO;” (H,O) products. This
mechanism accounted for the interesting observation that
the CO; product ion carried away ~ 1.4 eV of the energy
available as vibration while the remaining 0.4 eV was statisti-
cally distributed.

The O~ +*H,O channel is minor, accounting for only
5 4+ 4% of the products. This channel appears to dissociate
from a long lived cluster state and all available energy is
statistically distributed in the products.

The question is, how do the two product channels com-
pete? It appears almost certain that a single isomeric
COj; *H, O cluster is absorbing the photon. A possible mech-
anism that is consistent with the results for both product
channels is given below:

CO; -H,0 + hv— (CO; )%..°H,0

elec

s [CO;-H,0]%

elec
\ (CO; )% °H, O
[CO;+H,0]%..~0"-H,0 + CO,
(CO; )¥%*H, 0 (CO; )Y, + H,0
Scheme I

( CO.‘: ):;ec 'HZ O

The photon is initially absorbed into an electronic state pri-
marily localized on the CO; moiety. Two things can then
happen. About 5% of the time the system internally converts
to an electronic excited state of the cluster. This cluster then
vibrationally predissociates to O ~*H, O/CO, productson a
time scale short compared to photon emission to the elec-
tronic ground state of the cluster. Most of the time, however,
the system internally converts to the CO; ground state that
is now strongly vibrationally excited. This state eventually
dissociates to CO; /H, O with substantial vibrational ener-
gy remaining in the CO; product. Such a mechanism is fully
consistent with the previously published work on photodis-
sociation of CO; and CO; *H,O. It also fully explains the
new data presented here on the O~ *H,0/CO, product
channel.

An alternative mechanism for the O ~-H, 0/CO, chan-
nel is possible. The (CO; )%, *H, O state initially formed by
photon absorption could directly dissociate to
O~ +H,0/CO, products. This dissociation would then be in
competition with internal conversion to form (CO; )¥,
*H, O that eventually leads to CO; /H, O products. This op-
tion is attractive in that the photodissociation cross section
for O ~-H, O/CO, production is very similar in magnitude
to O~ /CO, photoproduction from CO; (see Table I). A

Jd Chem. Phvs,, Vol. 94, No. 12, 15 Viay 1891



6552 Roehl et al.: Photodissociation of COy-H,0

drawback to this mechanism is the fact that O ~-H, O/CO,
products are formed by statistical vibrational predissocia-
tion while the O ~ /CO, products are formed by electronic
predissociation.”* Consequently, the mechanism shown in
Scheme I was chosen.

Direct formation of a bound [CO; ‘H,0]%.. state by
photon absorption followed by vibrational predissociation to
O ~-H, 0/CO, products was also considered. Such a mecha-
nism partitions the ultimate products in the photon absorp-
tion step rather than following photon absorption. This
mechanism was not chosen because the Franck—Condon fac-
tors to this state should be very small since the photon is
absorbed well above the dissociation asymptote.

Finally, formation of O~ -H,0/CO, from (CO; )¥,
*H, O was ruled out because complete randomization of all
of the vibrational energy would be required and from our
earlier work* on the CO; /H, O product channel we know
this is not the case.

V. CONCLUSIONS

(1) Photodissociation of CO; *H, O in the visible wave-
length range forms O ~+*H, O/CO, products about 5 + 4%
of the time. The dominant product is CO; /H, O.

(2) The O~ -H,0/CO, products are formed from sta-
tistical vibrational predissociation of a bound state. Consi-
deration of all of the data for both product channels suggests
the state leading to this product is an electronically excited
state of the cluster. In contrast, the CO; /H,O products
come from the ground state.

(3) Ab initio electronic structure calculations were per-
formed. These indicated O ~+H, O is a quasilinear molecule,
with one of the protons of the water molecule bridging the
O~ oxygen and the water oxygen.
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