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Abstract

Despite the current concerns about ozone, absolute partial photoionization cross sections for this molecule in the vacuum ultraviolet (valence)
region have been unavailable. By eclectic re-evaluation of old/new data and plausible assumptions, such cross sections have been assembled to fill

this void.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The ozone molecule (O3) has C,, symmetry in its electronic
ground state, with an equilibrium bond angle of 116.78° and
re(0-0)= 1.2717A (Colmont et al.) [1]. Ozone in its ground
state is not well described by a single configuration, due to its
biradical character (Hay et al.) [2]. The core molecular orbitals
(MOs) are unambiguously (in Cay) l1a2 Za% lb%. The innermost
(1ap)isidentified with the central O1s atomic orbital (AO), while
2a; and 1b; are even and odd combinations of the terminal Ols
AOs. The inner valence orbitals 3a7 2b3 4a? are derived from
02s AOs. To succinctly describe the outer valence orbitals (com-
posed of O2p AOs) two configurations are necessary (Laidig and
Schaefer, 1981) [3].

@ = ...5a} 3b3 1b} 6a} 4b3 123 (~ 77%)
@, = ...5a} 3b3 1b3 6a} 4b3 2b3 (~ 23%)
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Here, the 5a; and 3b, MOs have o bonding character, the 6a; and
4b, formally the same but essentially lone pairs on the terminal
oxygen atoms. The 1b; is a 7 (out of plane) orbital primarily
situated on the central oxygen, while the 1ap and 2b; (which
are the defining features of the ®; and ®;) are combinations
of pr orbitals from the terminal oxygen atoms (Stranges et al.)
[4]; (Mason et al.) [5]. In addition, the three lowest unoccu-
pied molecular orbitals (LUMOS) are 2b; (the 7* antibonding
complement to 1by), 7a; and Sby, both o* (antibonding).

Perhaps the most significant photoexcitation in O3z, known
as the Hartley band, has a high cross section between 2100 and
3000 A with a maximum of 11.73 Mb at 2555 A (4.85 eV) which
absorbs most of the deep UV radiation (below 3000 A) before the
air cutoff. It is attributed to an X'A; — 1B, excitation, where
the configuration of IB, is ... (1ap)' (2by)!, intimately con-
nected with the two configuration description of the ground state
[2,5]. The absorption of solar radiation by ozone in the strato-
sphere by this transition controls the penetration of higher energy
ultraviolet rays of the earth’s surface (Molina and Molina) [6],
but not the familiar UVA and UVB bands which mostly span
the 3000-4000 A region. It also leads to its destruction by pho-
todissociation (Takahashi et al.) [7] requiring its reconstitution
by further chemical processes.

The fear of its destruction by other chemical processes has
motivated theorists and experimentalists to examine the elec-
tronic and chemical behavior of ozone. Our interests here are
the ionization properties, which currently are still in a state of
limbo.


mailto:berkowitz@anl.gov
dx.doi.org/10.1016/j.ijms.2007.11.005

J. Berkowitz / International Journal of Mass Spectrometry 271 (2008) 8—14 9

2. Absolute cross sections, outer and inner valence
orbitals

Fig. 1 is a recent photoelectron spectrum of ozone in the
valence region, taken with 100 eV incident synchrotron radiation
(Wiesner et al.) [8]. It does not differ greatly from earlier spectra.
In fact, the insert is adapted from a portion of a He I photoelec-
tron spectrum from Katsumata et al. [9]. The spectrum of Fig. 1
is comparable in resolution to earlier work, has avoided the pres-
ence of extraneous resonance lines common to discharge light
sources, and has apparently suppressed O; impurities. Its essen-
tial features have been known since the 1970s. Nevertheless, the
interpretation continues to present a challenge.

There appears to be general agreement that the features
between ~12.5 and 14 eV contain the lowest three ionization
energies. Koopmans’ theorem calculations predict the order 2A,
(13.43eV)<?A; (15.28eV)<?B, (15.77¢eV) (Dyke et al.) [10];
Hay et al. [2]. The most extensive calculations place the order
2A1 <?Bs <?A,, with the lowest two almost degenerate, form-
ing a conical intersection in the Franck—Condon region (Schmelz
et al.) [11]; Miiller et al. [12]; McKeller et al. [13]. The ionized
state with a hole in the la, orbital is actually the third lowest
state. This circumstance has prompted Kosugi et al. [14] to dub
this a “double breakdown” of Koopmans’ theorem, since the
theorem predicts the third state to be the first. Kosugi et al. [14]
have also ventured beyond the lowest three ionization energies
and offered a rationale for the relative weakness and profu-
sion of higher energy states. By including initial state and final
state configuration interaction (ISCI and FSCI), and calculating
monopole intensities, as is often done with core-electron exci-
tation, they show that whereas the primary ionization is 81.1%
(6a1),73.1% (4by) and 75.2% (1a;), it drops to ~40% for 2b; and
1b; (which are mixed) and remains <50% for the other valence
orbitals. In other words, the requirement of a multiconfigura-
tion description of the ground state has vitiated a Koopmans’
theorem portrayal and instead has fostered a description of the
outer valence orbitals of O3 similar to that reserved for the inner
valence orbitals of other molecules.
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Fig. 1. The photoelectron spectrum of ozone measured with 100eV photons
(from Wiesner et al. [8]). Inset: expanded view of the first three bands, from a
He I (21.2eV) photoelectron spectrum (from Katsumata et al. [9]).

The most recent experimental measurements of valence ener-
gies for O3 appear to be those of Wiesner et al. [8], photoelectron
spectroscopy (PES) with 100eV incident radiation, Couto et
al. [15], threshold photoelectron spectroscopy (TPES), and
Willitsch et al. [16], pulsed field ionization, zero electron kinetic
energy spectroscopy (PFI-ZEKE). Of these, the latter offers the
highest precision, with rotational resolution. The adiabatic IP
for X2A| is found to be 12.52495(6) eV, which is in satisfactory
agreement with an older photoionization mass spectrometric
value of 12.519(4)eV (Weiss et al.) [17], but discounts a hot
band at 12.44 eV found by Dyke et al. [10], Katsumata et al.
[9] and Wiesner et al. [8]. The rotational analysis leads to a
structure of X2A; with ro=1.25 A and a bond angle of 131.5°,
which suggests excitation of bending vibrations upon ioniza-
tion. The vertical IP (see Fig. 1) appears to correspond to the
(030) level of X?A1, and from the energies given by Willitsch
et al. amounts to 12.7500eV, while the (000) level of A2B,
is found by them at 12.66004(7)¢eV i.e., between (010) and
(020) of the XA state. Only this one bound vibrational level
could be identified for the A%B, state. Rotational analysis of
this band yields r9=1.37 A and a bond angle of 111.3°, which
favors excitation of the symmetric stretch upon ionization. At
higher energies, they encountered strong spectral congestion,
but some partially resolved rotational features enabled them
to conclude that these bands had smaller rotational constants,
suggesting that a large and abrupt change in the O3* geome-
try was taking place. The observation of an isolated vibronic
state (A2B,) at 12.66¢V differs from that of Katsumata et al.
shown in Fig. 1 and indeed of most other researchers (e.g. Kat-
sumata et al. [9], Wiesner et al. [8], Couto et al. [15]), who
placed the vertical value at 13.00eV. Willitsch et al. have per-
formed ab initio calculations in support of their experimental
observations which show a crossing between X and A states at
~12.73 eV in Cy, symmetry which is avoided in Cg symmetry
(unequal O-O distances), leading to saddle points and barriers
connecting X and A states in regions of large intermolecular dis-
tances, which may rationalize the spectral congestion and low
rotational constants noted at higher energy. The flat and anhar-
monic potential is underscored by the low dissociation of energy
of O3%,0.6 eV (Weiss et al. [17]; Moseley et al. [18]; Willitsch et
al. [16]).

It may not have gone unnoticed by the reader that the
only vibrational state of A%B, identified by Willitsch et al. at
12.66004(7) eV, is very close to (02 0) of X2A, at 12.6762¢V.
Although clearly distinguishable in their PFI-ZEKE spectrum,
these two peaks are merged in Fig. 1. Also, Willitsch et al. have
reported the positions of five vibrational bands (00 0) to (04 0)
of the X?A| state, but the two peaks of the highest energy in the
12.5-13.0 eV cluster are unaccounted for. Perhaps this can best
be rationalized at the present time by a calculation performed
by Miiller et al. [12], which was the culmination of earlier work.
These authors vibronically coupled the X2A| and A”B states,
and used diabatic potential surfaces. With some modeling, they
were able to reproduce the first three peaks (AE ~ 0.01 eV, rel-
ative intensity 1072) and to show the presence of the higher
energy peaks due to strong nonadiabatic mixing of vibrational
levels of the X and A states. Willitsch et al. also allude to this
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interpretation, but call for calculations of spectroscopic accu-
racy.

Returning now to an interpretation of Fig. 1, we allude to
recent configuration interaction (CI) calculations by Ohtsuka
et al. [19]. Similar results were reported earlier by Decleva et
al. [20]. In the spirit of Katsumata et al. [9], they calculate the
energies and monopole intensities of 57 states of O3™ between
the first IP and 28 eV. In agreement with Katsumata et al. and
most recent work, the strongest transitions are to the lowest three
states X2A|, A2B,, BZA, (peak 3 at 13.54 eV). Each is primar-
ily a single hole state, with monopole intensity (MI) of ~0.7.
Peak 4 at 15.6eV (15.4¢eV, Wiesner et al. [8]) is a two-hole,
one particle (6a;~12b; la, ! [2B,]) state and is correspond-
ingly weak (MI~0.01) (see also Decleva et al. [20]), as are
most of the remaining peaks. The other single-hole states are the
vibrationally structured peak 5 (AIP=15.95eV, VIP=16.09eV)
which shares its (1b;)~! character with peak 9 (VIP=20.9¢eV),
peak 6 (5a;)"!, VIP=17.60eV, and two states with (3by)~!
character contributing to peak 8 (VIP=20.1eV). The shoulder
at19.4 eV shown as peak 7 in Fig. 1 is calculated by Ohtsukaetal.
[19] to be a three-hole, two-particle state, while there are several
candidates of the two-hole, one-particle type (Ohtsuka) which
can be identified with the broad and weak structures marked
10 and 11. These assignments are summarized in Table 1. Not
appearing in Fig. 1, but barely visible in the He II spectrum
of Katsumata et al. [9] is a single-hole component of the inner
valence (4211)’1 at 26.8 eV. Decleva et al. [20] calculate two
dominant configurations having (4a)~! character for this energy
region with relative intensities of ~0.17 and ~0.11 on their scale,
but at higher energy “a real shattering of the Oy shell is appar-
ent, the highest 2b; and 3a; intensities being 0.076 and 0.056,
respectively, with only a few more lines above 0.04 spectral
strength.” They conjecture that this behavior is more extensive
than the oft-encountered breakdown of the one-particle picture
for inner shell ionization, being close to an unstructured con-
tinuum. Experimental data are unavailable. Decleva et al. find
that (2by)~! has larger contributions at ~33 and ~37.5¢eV, and
(3a;)~! at ~40eV. Padial et al. [21], recognizing that configu-
ration mixing is important for inner-valence-shell ionic states,
restrict themselves to Koopmans’ theorem values of 29.86eV
(4a;"),39.58eV (2by ') and 48.55eV (3a; ).

To the best of our knowledge, there have been no reported
measurements on the energy dependence of the partial cross sec-
tions or branching ratios corresponding to the ionic states shown
in Fig. 1 and discussed in the preceding section. Padial et al. [21]
have performed calculations of partial and total photoionization
cross sections as a function of excitation energy from 13 to 55 eV
employing Stieltjes—Tchebycheff techniques and the separated-
channel static-exchange approximation. We are unaware of any
other calculation of partial cross sections for O3. Fig. 2 is arepro-
duction of their results. It is fair to ask for experimental tests
of this calculation. Decleva et al. [20] have examined the ratio
between a(laz_l) (3inFig. 1) and the combined 0(6211_1 + 4b2_1)
(1+2 in Fig. 1). They find that this ratio changes from 1.5 at
21.2eV t0 0.75 at 40.8 eV in the calculations of Padial et al., an
enhancement of a factor of 2 for o(6a1_1 +4by 1) over o(lay ! ).
The He I and He II photoelectron spectra display a similar trend,

Table 1

A current CI interpretation of valence shell PES

11

10

1+2

Band no.?

0.05

0.018

0912

0.474

0.083

0.015

1.00

2.05

Relative intensity®

2h-1p

2h-1p

h

1

0.56(1b

b

o1 4 0.59(3b;

0.36(3b

3h-2p

41)

1

0.39(5a

41)

0.34(1b

2h-1p

41)

2

0.9(1a

-1 —1
1) +0.784b; 1)

0.80(6a

Major configuration®

4 Refer to Fig. 1.

b Intensities based on areas under bands.

¢ From calculations of Ohtsuka et al. [19].
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Fig. 2. Energy dependence of the absolute partial photoionization cross sections
of valence orbitals in ozone, as calculated by the Stieltjes—Tchebycheff technique
and the separated-channel static-exchange approximation (from Padial et al.
[21]). (a) Outer valence shells 6a;, 4b;, and 1a;; (b) 1by, 3by, and 5ay; (c) inner
valence shells 4a;, 2by and 3a;, with a different energy scale.

providing support (though limited) for the calculation. Another
test is the spectral dependence of the total photoionization cross
section. We have summed the partial cross sections shown in
Fig. 2, and compared them with a patchwork of experimental
total photoionization cross sections in Fig. 3. Cook [22,23] used
a 50 cm absorption cell with parallel plates extending the length
of the cell to make absolute photoionization (and photoabsorp-
tion) cross section measurements. The spectra he presented in
1970 indicated that the quantum yield of ionization is approach-
ing unity at 600 A =20.66eV but his absolute scale of cross
sections [23] had been reduced from his original calibration [22].
Using his 1968 calibration, which is preferred by sum rule anal-
ysis [24], leads to an enhancement in cross section by a factor 1.4
which has been used in constructing Fig. 3. The electron energy
loss (EELS) spectral intensities of Celotta et al. [25] have been
normalized to those of Cook (revised) at 20.5eV and Ogawa
and Cook [26] from 20.5 to 23.5¢eV, and scaled by EZ? (found
empirically to fit the photoabsorption data at this energy) up to
30.3 eV, where hv = E>21 eV. Here, we have implicitly assumed

40
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Fig. 3. Spectral dependence of the absolute total photoionization cross section
of ozone in the valence region. (—) Sum of calculated partial cross sections,
Padial et al. [21]; (V) Cook [23], normalized to sum rules and to Cook [22]; (O)
electron energy loss data of Celotta et al. [25] normalized to photoabsorption
data of Cook (revised) and Ogawa and Cook [26] above 20.5 eV and scaled by
E2.

that photoabsorption and photoionization cross sections can be
taken to be the same for hv>21eV.

In Fig. 3, the calculated total photoionization cross section
has a distinct, broad peak centered at ~23.7 eV, which is absent
in the patched experimental data. Interestingly, Padial et al. [21]
comment that the “total calculated photoionization cross section
in the ~22-30 eV interval is seen to be monotonic and structure-
less, in general accord with photoabsorption and electron-impact
measurements.” None of the references cited there for pho-
toabsorption cover this energy range, and the electron impact
measurement cited is the one we have used. The peak in the
calculations can be traced to a 3by(n) — 5by(0*) resonance at
~23 eV described by Padial et al. but as yet unsupported by
experimental evidence.

It is difficult to judge the quantitative accuracy of Fig. 2.
The same theoretical methods were used by the same authors
(Padial et al. [27]) on CO,, where the results could be compared
with experimental data, and they were “in very good quantita-
tive accord.” [27]. However, in O3z one should incorporate the
biradical nature of the ground state, the effects of configuration
interaction, determination of shake-up amplitudes, etc. which
the authors have acknowledged neglecting in this case. The
extreme departure from independent particle behavior, in which
satellites appear in the outer valence region (usually encoun-
tered in the inner valence region), while the inner valence region
is so shattered that it approaches an unstructured continuum
[14,20,19]islikely to have limited the accuracy of the calculation
of Padial et al. [21].

3. Photoionization mass spectrometry: absolute partial
cross sections of ions, valence region

The ion energetics of ozone is well established. The adi-
abatic IP(03) is 12.52495(6) eV, as noted earlier (Willitsch
et al. [16]). The appearance potential for O,* (O3) can be
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inferred from the dissociation energy of O3 into O(CP,) and O
X3z g7) given as 24.49(1) kcal/mol =1.0621(4) eV (Taniguchi
et al. [28]) and the IP(O7) of 12.07014(15)eV (Merkt et al.
[29]) to be 13.1322(4)eV, and AP O*(03) from IP(O) of
13.618055(7)eV (Moore [30]) to be 14.6802(4)eV. Decom-
position into three particles (20 +O%) has a thermochemical
threshold of 19.7668(2)eV. Doubly charged ozone (032
appears to be unstable on a microsecond time scale (Newson
and Price [31]); decomposition into O, and O* is initially
observed at ~34.3 eV, though the asymptotes (far beyond the
Franck—Condon region) are 26.75 eV (triplet) and 30.07 eV (sin-
glet).

Surprisingly, only two photoionization mass spectrometric
studies of ozone in the valence region have been reported (Weiss
et al. [17]; Mocellin et al. [32]) (a third by Cook [23] alluded
to earlier, was performed at too high a pressure, and apparently
intended for ion-molecule studies). The investigation by Weiss
etal. utilized a magnetic sector mass spectrometer, which had the
relative advantage of higher photon resolution (5-10 meV) and
a better signal-to-noise ratio, despite the fact that the light source
employed was a laboratory discharge. However, it was likely to
discriminate against fragment ions possessing significant kinetic
energy. The experiment reported by Mocellin et al. employed a
time-of-flight (TOF) spectrometer, which was less likely to dis-
criminate against fragment ions (they measured ~0.25-0.3eV
for 0%, ~1.3-1.4 eV for O*), but the photon energy resolution
was poorer (2040 meV), and there was a significant background
from scattered synchrotron light. Both investigations measured
relative ion yields. To convert to absolute partial cross sections,
some absolute calibration was required.

Before turning to these calibrations, we note that Weiss et al.
obtained IP(O3) of 12.519(4) eV whereas Mocellin et al. iden-
tified “a weak adiabatic production at 12.7eV.” Also, Weiss et
al. deduced an AP O,%(03) of 13.125(4) eV at 0°K by linear
extrapolation and thermal correction, compared to the thermo-
chemical threshold of 13.1322(4) eV, whereas Mocellin et al.
observed a “rise in the Oy* production . .. at 13.2eV.” For O,
which is very weak near threshold, Weiss et al. detected initial
departure from a linear background at 15.21(1) eV, ca. 0.53eV
above the thermochemical threshold, while Mocellin et al. see
no “clear structures” in the ion yield curve, apart from a “most
evident . . . increase after 18.3eV.”

In addition to the relative ion yields of O3*, Oy*, and O™,
Mocellin et al. present the total ion yield (TTY) from threshold to
22 eV, which should be comparable to the total photoionization
cross section of Cook (see Fig. 3) when both are normalized at
~21eV. However, the total cross section of Cook starts steeply
and begins to level off at ~16.5 eV, whereas the TTY of Mocellin
et al. achieves 2/3 of its growth above 17 eV.

For absolute calibration of ozone photoionization cross-
sections, we have little choice. Cook’s figure can be viewed
in Ref. [23]. In the article, mention is made of a previous report
[22], though the latter contains no figure, and the available
abstract mentions little about ozone other than a maximum in the
photoabsorption cross section of 42 Mb at 725 A. That datum is
about 40% higher than shown in the 1970 figure, as previously
noted. However, the relationship of the absolute photoionization
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Fig. 4. Absolute photoionization cross sections for formation of O3*, O,*, and
O* from ozone, using branching ratios extracted from relative ion yields of
Mocellin et al. [32] and the absolute total photoionization cross section of Cook
[22,23]. Also shown, on an arbitrary scale, is the relative ion yield of O3*(03)
taken directly from Weiss et al. [17]. The parent ion Os* is formed with thermal
kinetic energy and can be directly compared in the two experiments, whereas the
fragment ions O,* and O* have significant kinetic energy. (+—+) O»* (Mocellin
et al. [32]); (x—x) O3 (Mocellin et al. [32]); (V) O3 (Weiss et al. [17]); (O)
O* (Mocellin et al. [32]).

curve to the absolute photoabsorption curve in Cook’s 1970 fig-
ure is plausible. There is an abrupt rise at the IP, and the quantum
yield of ionization does not exceed unity, though it appears to
gradually approach this value at 600 A (20.66¢eV). As a work-
ing hypothesis, we have used Cook’s 1970 curve, increased by
~40%, as the absolute total photoionization cross section of
ozone.

Since discrimination against fragment ions is less likely in
the TOF experiments of Mocellin et al. we have converted their
relative ion yields to branching ratios, and applied them to the
modified total photoionization cross section of Cook. The result-
ing absolute partial cross sections of O3*, 0,*, and O* are shown
in Fig. 4. They reveal that 0(O,*/O3) becomes comparable to
0(03%/03) between ~14 and 15.5 eV, and becomes about double
the parent ion by ~20-21eV. The ¢(O*/03) will be discussed
shortly. Also shown in Fig. 4 is the relative ion yield of O3* from
Weiss et al. (which should not be subjected to kinetic energy
discrimination) roughly normalized to the absolute ¢(O3*/03)
deduced from the data of Mocellin et al. at one energy. They
have not been normalized to the Cook cross sections.

In comparing the two parent ion curves, we see some
welcome similarities. The steep increase from the threshold
(12.52-13.1 eV) corresponds to the intermingled peaks 1 and 2
in the PES of Fig. 1, which we shall refer to as (6a; )L+ (4by) L.
They constitute about 45% of the intensity (area) in Fig. 1,
and it does not change dramatically between He I (21.2eV),
He II (40.8 eV) and 100 eV incident energy. Between 13.1 and
13.5eV, 0(03%/03) is flat (Weiss) or decreases (Mocellin) while
0(02%/03) begins its ascent. Starting at about 13.5 eV, corre-
sponding to peak 3 in Fig. 1, and extending to ~16eV photon
energy, there appears to be a significant increase in the parent
ion intensity. This is unexpected because in standard quasi-
equilibrium theory (QET) any increase in the parent ion should
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cease with the appearance of the first fragment. This experimen-
tal result may not be as apparent in the o(02*/03) of Mocellin et
al. but they unmistakably refer to a large band in the partial ion
yield spectrum of O3* between 15.4 and 16.5 eV. They attribute
this increase to peak 4 in Fig. 1, which seems unlikely since its
contribution to the photoelectron spectrum is only 0.3%.

A better view of 0(0O2%/03) and o(O*/O3) can be seen in
Fig. 5, where the data of Mocellin et al. are repeated, but the
relative fragment intensities of O* and O* from Weiss et al.
have been increased by factors of 2.5 and 5, respectively, to take
into account their kinetic energies. These are arbitrary factors,
but they illustrate the similarities in the results of the two exper-
iments, which thereby acquire a veneer of plausibility, and the
differences, which require explanation. The two o(0,%/03) fig-
ures mostly track one another, but at high energy (17-20eV) the
Weiss data decline while the Mocellin data remain roughly flat.
A similar observation can be made for o(O3*/03) in Fig. 4. A
possible explanation is a photoelectric correction for the mea-
surements of light intensity in the data of Weiss et al. Returning
to Fig. 5, we can see a distinct increase in slope for ¢(02*/03)
at 13.5eV particularly in the Weiss data, which signal the onset
of (laz)’l, or peak 3 in Fig. 1. However, the major increase in
0(0,%/03) in both data sets from ~8 to 21 Mb between ~14 and
16.5 eV, does not have a counterpart in the photoelectron spec-
trum. One possible explanation is absorption to super-excited
states which autoionize partly to stable states (forming O3™) but
mostly to dissociating ionic states (forming O, ™). In the photoab-
sorption/photoionization figure of Cook [23] there is a marked
increase in photoabsorption cross section between 14 and 16 eV,
but the quantum yield stays below unity, suggesting that some
of these super-excited states predissociate.

The ¢(0*/03) spectra in Fig. 5 overlap well above 17¢V,
but suggest anomalous structure at lower energy in the Mocellin
data as these authors imply. Rather than there being a prominent
increase in signal after 18.3eV (Mocellin et al.) there appears

to be a slow growth from a delayed threshold, as would be
anticipated by QET for a second fragment competing with an
advantaged phase space from the first fragment. There is no
obvious correlation with the photoelectron spectrum of Fig. 1.

4. Conclusions

As regards the photoelectron spectrum of ozone, it has been
abundantly pointed out since 1975 that a single configuration
Hartree—Fock description is totally inadequate. Koopmans’ the-
orem is doubly violated. Reference is made to a recent CI
description. The energy dependence of the absolute partial cross
sections of the various ionic states is not known experimentally.
The only available calculated ones cannot be expected to closely
represent experimental partial cross sections, since they would
require large scale CI. Insofar as we have any handle on the total
ionization cross-section, it disagrees in shape and magnitude
with the calculation. Nevertheless, in the absence of any exper-
imental branching ratios or partial cross sections, we reproduce
the calculated ones of Padial et al. [21] having taken notice of
their shortcomings.

For the absolute partial cross sections of the ions, the
experimental situation is more optimistic. Only one absolute
total photoionization cross-section measurement is known, and
requires correction according to sum rule analysis [24]. Two pho-
toionization mass spectrometric investigations are known, with
apparently discordant results. However, by an eclectic choice of
parameters, it is possible to assemble a plausible set of absolute
partial cross sections for O3*, O,* and O* from ozone. Upon
comparing these cross sections with the photoelectron spectrum,
it becomes apparent that a major increase in O;* (and some in
03™) is not accounted for in the photoelectron spectrum and
consequently autoionization is invoked. Quasiequilibrium the-
ory (QET) rather than orbital character (bonding/anti-bonding)
appears to explain the shape of the O* partial cross section and
its retarded onset. On the other hand, the increase in O3 after
the appearance of the first fragment O* would appear to violate
a simple form of QET.
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