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Photodissociation of Ozone in the K Edge Region

1. Introduction

The inner-shell excitation of different atoms in a molecule
leads to significantly different photodissociation pathwhys.
This effect is called site-specific dependence of fragmentation
and has been observed in the K edge excitations,@f NCFz-
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Dissociative dynamics of the K shell excited ozone has been investigated by time-of-flight (TOF) mass spectra
of fragment ions for the first time. The TOF spectra were acquired at O ahceBive to the electric vector

of linearly polarized soft X-ray. In the K shell excitation at the 529 eV photoabsorption peak, the energetic
O" fragment ion was ejected anisotropically, while at the 536 eV band it was isotropig Wdlaes calculated

from simulation of the TOF spectra are consistent with the previous assignments that the 529 eV band is the
m* — Or(1s) resonance excitation and that the 536 eV band mainly consists of two transiti(®is,) —

Oc(1s) ando*(7a;) — Or(1s) [Gejo et alChem. Phys. LetR77 (1997) 497]. The TOF spectra show that the

ar* excitation of terminal oxygen atoms generates mogé feagment than the excitation of the center oxygen
atom.

In this paper, we report the angle-resolved TOF mass spectra
of photofragment ions formed through the core-excitation of
ozone. First we show the fragment distribution of ozone
measured by TOF spectroscopy. Second we show the TOF
distribution of the energetic fragments.

CHg** CRCH,,* BF3,° and OCS: In view of this, itis of interest > Experiment

to investigate the dissociation of ozone in the K shell excited
state. We have previously observed two distinct peaks around
529 and 536 eV in the ion yield spectra of ozdnEhe first

Experiments were performed on the BL8B1 beamline at the
UVSOR facility of the Institute for Molecular Science (IMS).

peak at 529 eV has been assigned assH@b;) — Or(1s) Synchrotron radiation (SR) was monochromated by using a

resonance transition of the terminal oxygen atom and the secon
around 536 eV as the excitation to thelevel from the center
O(1s)? However, the latter has a wide bandwidth. We ha
performed the molecular orbital (MO) calculations on the basis
of the SCF approximation and have been deconvoluted this ban
by two components: The calculation shows that one istthe
(2by) <— Oc(1s) transition, as we expected, and another is the

5-m constant-deviation grazing incidence monochronidtor.
he energy resolution for photoabsorption measurement was
d E/AE = 2000-4000 under the typical conditions with the slit
widths 10um. High photon flux, however, was required to
aobtain the reliable signalnoise ratio, and hence the slit widths
of the monochromator were kept at bfn during the experi-
ment, which provided\E ~ 1 eV athv = 400 eV. The intensity

o*(7a1) — Or(Ls) transitior, where the @ and G- mean the of the photon beam was monitored by using a silicon photodiode

terminal and center oxygen atoms, respectively. The excitation
from these different 1s levels of ozone is expected to give
different photodissociation or ionization pathways.

The time-of-flight (TOF) spectra measurement is a useful too
for investigating the pathway of ionic fragmentation of a
molecule?~19 In addition to this, angle-resolved measurement
using the TOF apparatus provides information about the
electronic state of the decomposing molecdi& The dipole
transition probability depends on the molecular orientation with
respect to the electric vector of polarized light. The Auger decay
or autoionization process occurs within"20s in the K shell
excited molecule, while the rotational period of the molecule
is longer than 10'3s. Hence the initial memory of the innermost
core excited molecule may not be faded in fragmentation.

(IRD AXUV-100). A conventional linear TOF mass spectrom-
eter was mounted in the main chamber. This chamber is rotatable
from —20 to+11C with respect to the linearly polarized electric

| vector of the primary SR bedmand was differentially evacuated

by two 300 L/s and a 1500 L/s turbomolecular pump. The base
pressure was better than310 6 Pa. Ozone was flowed as an
effusive jet at right angles to the primary photon beam. The
pressure in the main chamber was kept below?1®a during
experiment.

Ozone was prepared by discharging pureuSing a com-
mercial ozonator. The mixture of ozone and oxygen was trapped
on silica gel in a glass trap at110 °C and then the residual
oxygen was pumped off!* Ozone should be carefully treated
because admixture of a trace of pump oil may lead to an
explosion. The ozone sample was stored-@8 °C when not
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K edge region previously reported in ref 7. The ionization
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Figure 2. TOF spectra of (a) a mixture of&nd Q and (b) pure @

The spectrum of (c) ©was obtained by subtraction of these two spectra,
assuming that the center part of peak in the mixture is composed of
only O, spectra. (d) and (e) show the OTOF spectra, which indicates
that the narrow @ part at 7.35us arises from pure 9

and gives the narrow band since it has no kinetic energy
released. The corrected spectrum fog i@ Figure 2c was
obtained after removal of the contribution from the coexisting
O, component on the assumption that the sharp band at 7.35

Figure 1. Photoabsorption spectrum of ozone in the K edge region. ;5 griginates in pure (see Figure 2d,e).

The ionization potentials of the 1s electrons are 541.5 and 546.2 eV,
which are obtained by XPS ofs® Arrows show the excitation energies
for the measurements of TOF spectra. The peak around 535.7 eV ha

Figure 3 shows the TOF spectra at the vertical and horizontal
Joositions excited at 529.0, 535.7, and 544.6 eV. In these spectra,

been deconvoluted by several Gaussian functions. The two deconvolutedhe contribution from @ was subtracted by the procedure

peaks have half-widths of 1.1 and 1.8 eV.

energies (IEs) for @1s) ~1 and Q(1s) ! of ozone have been
measured to be 541.5 and 546.2 eV by XPS spectros€opy,
where the @ and Q- mean the terminal and center oxygen
atoms, respectively, and are indicated in Figure 1. The config-
uration of a molecular orbital (MO) representation in the ground-
state Q is

Core: 18°2a°1b)?
Valence: 3g2b,’4a5a,°3b,%1b,°1a,°4b,’6a,°
Vacant: 24°7a,°5b,°
where the innermost 1aMO corresponds to the 1s orbital of
the central oxygen atom. The degeneratge & 1b MO's

correspond to appropriate evef)(and odd ) combinations
of the terminal O(1s) orbitals, respectively.

mentioned above. At the excitation energy 529.0 eV, the O
ion ejected to the vertical direction consists of three peaks with
local maxima: The center one is presumably due toand
022" with no kinetic energy. Two wing peaks should bé O
fragments. On the other hand, the energy distribution obtained
from the ions at the horizontal position shows the relatively
narrow single O peak. The difference of these two shapes arises
from the fact that the ©fragment is preferably emitted to the
vertical direction with some kinetic energy. Since the geometry
of ozone in the ground state is befbf), this is consistent with
our previous assignment that the 529 eV band issth@b;)
— 1s(2a) transition, whose transition moment lies perpendicular
to the C,, molecular plane. In contrast to this, at an excitation
energy of 535.7 eV, the Oion ejected both to the vertical and
to the horizontal direction consists of three peaks. This implies
that the O fragment ions were ejected more isotropically.

To clarify this, we have calculated thfevalues and kinetic
energy distribution by simulatiofr.1° Briefly, the trajectory of
the fragment ion having one kinetic energy and ghealue

The TOF mass spectra were measured at 529.0, 535.7, andvas calculated, which provides us a part of the TOF spectrums

544.6 eV, shown by arrows in Figure 1, for th&2b;) < Or-
(1s), m*(2b1) < Oc(1s)lb*(7a1) — Or(1ls), ando* — Oc(1s)
transitions, respectively. The detector axis was set af 0
(denoted as “horizontal”) or 90(denoted as “vertical”) with
respect to the linearly polarized synchrotron radiation. Figure

at the vertical and horizontal positions. Then, by using different
kinetic ions in which weight factors were assumed for individual
kinetic energies, a weighted summation of the TOF spectrum
was calculated. Finally, the difference between calculated and
measured TOF spectra was minimized by adjusting these weight

2 shows the vertical TOF spectra at the excitation energy 529.0factors and the8 value®1° The polarization degree of light at

eV. The products observed werg'QO,", OF, 0,2, and G+.

The contribution from the oxygen molecule is inevitable because
oxygen made upz60% of the Q sample’ Note in Figure 2b
that the Q" peak arising from the purefnolecule has no tail

the photon energy of 530 eV was calculated from that observed
at 65 eVv?6

In Figure 4 and Table 1, respectively, we have shown the
kinetic energy distribution ang values of O and G?*. In
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Figure 3. TOF spectra obtained when the detector is set horizontal and vertical to the direction of polarization of light. The excitation energies are
529.0, 535.7, and 544.6 eV, which correspond to positions of the arrows in Figure 1.
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Figure 4. Kinetic energy distribution of ®and GQ?* calculated from
the TOF spectra.

15

Figure 4, the energy distributions slightly vary as the photon

TABLE 1: g Values of lon Photofragments Observed at
Three Energies

529.0 eV 535.7 eV 544.6 eV
ot —-0.7 —0.3 0.4
O,* -0.2 0.0 0.1

The 8 value of O at an excitation energy of 529.0 eV is
—0.7, which is consistent with our previous assignment that
the 529 eV band comes from the&(2b;) < 1s(23) transition.
Deviation from the predicted value efl for the purer*(2b;)

— 1s(24) transition may arise from the contribution 0%

or an effect of the three-body dissociation process. In contrast
to this, thep value at an excitation energy of 535.7 e\H8.3.

This implies that the transition moment does not lie perpen-
dicular to the molecular plane as does the 529.0 eV excitation
and that this band should be mixed by more than two transitions.
This is consistent with the SCF calculatibin which thes*-

(2by) — Oc¢(1s) transition falls on thes*(7a;) <— Or(1s)
excitation.

If we assume that the peak around 535.7 eV mainly consists
of these two transitions, the intensity ratio of these two
transitions can be obtained from tfievalue as follows: The
7*(2by) < Oc(la) transition, whose transition moment lies
perpendicular to theC,, molecular plane, results in the
fragmentation withp = —1. The degenerated 2and 1b MO’s
are almost even and odd combinations of the terminal O(1s)
atomic orbitals. Assuming that ozone dissociate with the same
geometry in the ground state (bend angle is°}1ahd two
transitionsg*(7a;) — Or(2a and 1b), have the same intensities,
these transitions are expected to result in the fragmentation with
B = 0.5. The observeg value,f3, is expressed 458

T=T,+T,

energy changes. The maximum is seen at about 4 eV. The

kinetic energy distribution of © from O, excited to same K
edge region (536546 eV) shows a maximum at% eV?

which is higher than that of ozone. Table 1 shows the relatively

small 3 value of @' compared with @. On the basis of large

X=T,JIT
B =xB+ (1= X5,

contamination by the oxygen molecule, this may be due to the where T; and T, are the transition probability oft*(2b;) ~—
large effect of ions from oxygen, although we have subtracted Oc(1a) and o*(7a;) < Or(2a and 1b), respectively5; and

it in the calculation.

[ aref3 values for ther*(2b;) < Oc(1la) ando*(7a;) <— Of-
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TABLE 2: Branching Ratios of lon Photofragments ozone and, as a result, to reveal the resonant Auger process of

Observed at Three Energie$ the K shell excited state. As far as we know, however, there
529.0eV (%) 535.7eV (%) 544.6eV (%) exists no information about the resonant Auger process of ozone.

O3t 8+1(),6+1(0) 8+1,5+1 7+1,8+1 ;

O 42+ 2,(|:|a)%i 3 © 30+3,25+3 33+2 32+ 3 4. Conclusions

O, 02t 46+ 4,54+ 2 58+ 2,63+ 3 54+5,55+4 The photodissociation of ozone in the K edge region has been

o 4+2,5+2 5+1,6+1 5+1,5+1 investigated by time-of-flight spectra of ion photofragments. By

a Left values were measured when the polarization is set to horizontal USing the angle-resolved time-of-flight method, thealues and
position (I), while right ones were measured when it is set to vertical translational energy distributions of fragments were calculated.
position (). It shows that two excitationsy*(2b;) — Oc(1s) ando*(7ay)

— Oy(1s), are overlapped in the band./# excitation from
(2a and 1b) transitions, respectively. Therefore, the ratio of the inner 1s of the terminal oxygen atoms generates preferably
transition probability,T;:T,, can be calculated to be 1:0.88. 0., compared to that from the inner 1s of the center oxygen

This is consistent with the analysis of the absorption band atom.
observed: We have deconvoluted the peak at 535.7 eV by three .
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