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The O('S atoms produced in the photolysis of @ave been detected by a technique of laser-induced
fluorescence spectroscopy with the tunable vacuum ultraviolet (VUV) laser radiation around 121.76 nm. The
guantum yield value for Q) formation is determined to be (26 1.1) x 102 in the 193 nm photolysis of

O3, which is determined by comparing the VUV laser-induced fluorescence intensities of ts#P0{3
2p'Sy) transition with those of the H(ZP; — 1s°S) transition at 121.56 nm of the H atoms generated from
the photolysis of HCI at 193 nm. The & detection technique used in this study is very sensitive, and the
detection limit is estimated to bet 1(° atoms cm?®. The contribution for the OH radical production from
the reaction of HO with O(S) produced in the UV photolysis of Jelative to that from the GD) + H,O
reaction has been estimated as a function of altitude in the stratosphere, using the phottytigi@{tum
yield value obtained in this study and the!§(reaction rate coefficients reported previously. The maximum
contribution of the OfS) reaction to OH production rate is a 14% fraction of that from th&D)¢eaction at

40 km altitude at mid-latitudes, assuming the spin-forbidden dissociation procéSk;taD,(X%,"), for the

formation of OtS) in the photolysis of ozone. Importance of precise measurements of the temperature-dependent
reaction rates for @§) has been suggested.

Introduction

Photodissociation reaction of ozone has been extensively
studied because of its importance for understanding the photo-
chemical processes of the Earth’'s atmosphefle various
pathways for ozone photolysis are listed in Table 1 along with
their thermochemical threshold wavelengthiEhe ozone mol-
ecule has huge absorption cross sections in the ultraviolet region
between 200 and 300 nfif.The absorption spectrum reported
by Malicet et al* is shown in Figure 1. The following two spin-
allowed dissociation channels have been believed to be dominant
in the photolysis of @in this absorption band:
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Figure 1. Absorption spectrum of ©in the ultraviolet region at 298
K, in which the cross-section data were taken from ref 4.

0; + hw — OCP) + 0,(X°s,") (1)

0, + hv — O('D) + Oa'A,) 2) _
g TABLE 1: Thermochemical Threshold Wavelengths for

At 193 nm, however, 10 dissociation channels are energetically Photodissociation Pathways of @ in Units of nm

available (Table 1), which are the combinations of the O atomic 02(XZg7) Oxa'Ag) Op(b'Zg") Ox(A%E,") O2(B%Eu7) 20€P)
states{P, D, and'S) and the @ molecular states (&4, atAg, OFCP) 1180 590 460 230 170 198
b=stand AZ, ). The dissociation processes in the photolysis O(D) 410 310 260 167 150
of Oz at 193 nm have been investigated by several experimentalO(‘S 234 196 179 129 108

studies. Stranges et @photolyzed ozone molecular beam at . . . .
193 nm and measured the kinetic energy release and recoil@" @ngle resolved time-of-flight technique. Turnipseed ét al.
anisotropy of atomic oxygen fragments. They reported the studied the photodissociation reaction of & both 222 and

product branching ratios of 16:8 1.5%, 45.5+ 2.5%, 23.3+ 193 nm by means of the resonance fluorescence detection of
2.0%, 7.7+ 0.6%, and 2.0t 0.2% for OFP) + Ox(X3%y), O(*P) atoms with an atomic resonance lamp. They reported the
O(D) + Ox(aAg), O(D) + O(bZ,"), OCP) + Ox(X3%, guantum yields for GP) and OED) formation from 193 nm

vibrationally hot), and 3GP), respectively, from the analysis photolysis to be _0'5& 0.14 and 0:4&.0'29’ resp+ect|vely,
of the translational energy distributions of oxygen atoms detected@Nd they also estimated the formation yield o{l82,") to be
by an electron bombardment quadrapole mass spectrometer witP-20 £ 0.38. Lee et al. used the synchrot.ron radiation to
photolyze Q molecules at 176240 nm and tried to detect the

* Author to whom correspondence should be adressed. E-mail: O('S) atoms by observation of the emission that was associated
kent@stelab.nagoya-u.ac.jp. with the O¢S— 1D) forbidden transition around 557.7 nm with
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212.56 nm, which was two-photon resonant with 3¢f1/2]o.

The other dye laser output was tuned around 840 nm. The typical
\ pulse energies were 0.3 and 2 mJ for UV and near-IR output,
respectively. Laser beams were carefully overlapped using a
Dye Laser|—{sso ‘5 dichloic mirror and focused into the Kr/Ar containing cell. The

Excimer
Laser

A J
&

Dye Laser

B generated VUV laser light was introduced into a reaction
Sl chamber through a LiF window that was used to separate the
r— Excimer P_(r/Ar cell and the reaction chambe_r. A_part of the inci_dent VUV
contolerH  Laser | T = BN light was reflected by another thin LiF plate held in the cell
after the photodissociation region and led into a nitric oxide
Ii"“o‘:e” (NO) containing cell. The relative intensity of VUV laser light
was monitored by measuring the photoionization current from
NO. Typical NO gas pressure was-2 Torr.
With the same experimental setup, the tunable VUV laser
Figure 2. Schematic diagram of the experimental setup for the radiation around 121.56 nm (Lymar)-was also obtained by

detection of OfS) atoms in the photolysis of ozone with the VUV-LIF tuning the near-l!:\’_ laser wavelength _around 845_ nm. The
technique. wavelength tunability of the VUV laser is an essential part of

this study to determine the quantum yield for*§)(production

an emission enhancement technique by the formation of xe0 In the 193 nm photolysis of By comparing the LIF signal
excimer. Because they did not observe the emission, theyintensities for OtS) and those for H atom produced in the 193
reported the upper limit value of the quantum yield forg( M photolysis of HCI, we could estimate the'§)(quantum
formation (<0.1%). Takahashi et &employed the laser-induced ~ Yield value. S .
fluorescence (LIF) detection of @) and OP) fragments from The VUV laser line width was estimated to be 0.64¢m
the photolysis of @at 193 nm. The kinetic energy distributions ~ full-width-at-half-maximum (fwhm) with a Gaussian shape. The
and recoil anisotropies of both nascent fragments were obtainedine width was estimated by measurement of the Doppler profile
by measuring the Doppler profiles, and dynamics of the Uy ©Of H atom from HCI photolysis at 193 nm, when 2 Torr of He
photodissociation of @were studied. was added to relax translational excitation of the H atom

The formation of OS) in the stratosphere such as the fragments and the time delay betw_een the 193 nm laser and
photolysis of 0zone can be an important source of OH radicals, YUV laser pulses was 2@s. The time delay between the
because the reaction rate ofi§(with H,O is very fast, while dissociation and probe laser pulses was controlled by a digital
the quenching rates of & with N, and @ are slow. The delay generator (Stanford Research Systems, DG535).
formation of OLS) in the upper atmosphere around-9m0D0 The VUV-LIF signal of both O{S) and H atoms was detected
km is the source of the auroral emission and nightglow at 557.7 by a solar-blind photomultiplier tube (EMR, 541J-087). The
nm, which corresponds to the spin-forbidden transitioASO(  three axes for the LIF observation direction, photolysis, and
— 1D). The mechanism of the formation of £ in the upper probe laser beam propagation directions are orthogonal to each
atmosphere is still controversiflA new high-sensitive direct ~ other. The direction of the fluorescence detection is perpen-
detection technique for @) atoms using a vacuum ultraviolet ~ dicular to the electric vector of the VUV probe laser. The output
(VUV) laser system developed in this study will provide a ©f the photomultiplier was preamplified and averaged over 10
powerful tool for studies on the atmospheric processes concern-laser pulses using a gated integrator (Stanford Research Systems,
ing the OtS) atoms. SR-250) and then stored on a personal computer.

In this paper, the G§) formation in the 193 nm photolysis The reaction cell (80« 80 x 80 mm) was evacuated by a
of ozone has been reported. The excitation at 121.76 nm rotary pump (330 L/min) through a liquidNrap. The pressure
(wavelength in a vacuum), which is resonant to the electronic in the reaction chamber was measured by a capacitance
transition of O(3'P; — 2p'S), has been achieved by tunable manometer (MKS, Baratron). Ozone was prepared by passing
vacuum UV laser radiation, and the subsequent VUV fluores- ultrapure Q (99.9995%) through an ozonizer. During the
cence at the same wavelength has been directly detected by &xperiments, ozone was supplied to the reaction chamber
solar-blind photomultiplier. The quantum yield measurements through glass tubing and a poly-tetrafluoroethylene needle valve
have been made by comparing the VUV-LIF signal intensity With He buffer gas. The total pressure of the gas mixture in the
of O(S) with the that of HES) atom produced in the 193 nm  cell was 806-900 mTorr, while the typical partial pressure of
photolysis of HCI, in which the H atom fluorescence has been Os in the reaction cell was 2630 mTorr. The partial pressure

LIF Signal

Gated

Integrator

VUV Laser Power

detected by the same VUV-LIF method at 121.56 nm. of O3 was determined by the absorption measurements at 253.7
nm with a mercury resonance lamp and 30 cm path length
Experimental Section absorption cell, for which the photoabsorption cross section of

at 253.7 nm is known (1.1% 10717 cm? molecule’®).* For
HCI photolysis, a gas mixture of HCI/Ar (1.43% of HCI in Ar)
was used, and the total pressure in the reaction cell was 250

The O{S) atoms produced from £photolysis at 193 nm were
guantum-state selectively probed by a technique of VUV-LIF

ge:ggd _atzlfl'ZG nnt1 Whli(.:h is 3ssr§)ciated Wri]th th? e(ljgctronic 410 mTorr. While scanning the VUV laser wavelength fotE)(
(35'Po p_S) ransition. Figure = Snows a schematic diagram -, H(2S) atom detections, the reactants’ pressure in the cell was
of the experimental setup used in this study. The VUV laser kept constant

around 121.76 nm was generated by four-wave difference
frequency mixing (21 — w,) in Kr/Ar gas mixturel® Two dye
lasers (Lambda Physik, Scanmate 2E and FL3002E) were
simultaneously pumped by an XeCl excimer laser (Lambda Figure 3 shows the fluorescence excitation spectra fé8)0(
Physik, Compex 201). The output from one dye laser was and HES) atoms produced in the 193 nm photolysis of &hd
frequency-doubled by a BBO crystal to generate UV laser at HCI, respectively. The atomic line profiles of the G{B; <

Results
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Figure 3. The fluorescence excitation spectra of§(produced from

the photolysis of @at 193 nm and H atoms from HCI at 193 nm, in
which the VUV probe laser wavelength was scanned over the Doppler
profiles of each fragments. The delay time between the photolysis and
probe laser pulses was 150 ns. The partial pressures ah@HCI in

the reaction cell was 20 and 4 mTorr, respectively.

2p'Sy) transition were directly detected by VUV-LIF method
around 121.76 nm, while those of the R, <— 1s°S) transition
were detected at 121.56 nm. The time delay between the

Takahashi et al.

O(1S) LIF intensity (arb. units)

Photolysis laser power (arb. units)

Figure 4. LIF signal intensity for OfS) versus the photolysis laser
power. The photolysis laser power was changed while monitoring the
O(*9) LIF signal at 121.76 nm. The time delay between the photolysis
and probe laser pulses was 150 ns, and the pressurgnfi@ reaction

cell was kept to be 20 mTorr.

of O(3s!P; — 2p'Sy) and H(P?Pj — 1?9 at 121.76 and 121.56
nm, respectively, because the difference of the wavelengths is
very small. The collisional quenching of the VUV fluorescence
from the electronically excited states, G{B;) and H(Z?P)),

photolysis and probe laser pulses was 150 ns. The absolutecan be ignored under our experimental conditions, because the

quantum yield for O(S) formation,®o(1s, Was obtained by the
following equation:

® = Aoas)HfoncHC Py
o) AH|0(15;0(15903[03]¢0(1S)

where Ao1s) and Ay are the peak areas of the fluorescence
excitation spectra of @§) atoms in the photolysis of £and H
atoms in the photolysis of HCI, respectivelysyandly are

the probe laser intensities at the resonance wavelengthsf O(
(121.76 nm) and H atoms (121.56 nm), respectivély,is the
production quantum yield of H atoms in the photolysis of HCI,
003 and oy are the photoabsoption cross sections gfa@d
HCI, respectively, at 193 nnfps) andfy are the transition
probabilities for O(3'P; < 2p'Sy) and H(?P; — 1s°S) optical
excitation, respectively, angbsyande¢y indicate the detection
efficiencies of the resonance fluorescence from the excited states
O(3s!Py) and H(?P)), respectively, which are prepared by the
VUV laser irradiation. The 193 nm photolysis of HCI generates
H atoms with a photolysis quantum yield of unity, thatds,

= 1. The values ofy andfo(is)are taken from the database of
NIST.X! The upper excited state of H{ZP;) has two spir-orbit
components j(=1/2, 3/2), in which the spinorbit energy
separation is reported to be 0.36 ! Because the energy
separation is smaller than our VUV laser line width (0.64&n

the two peaks due to the spiorbit components of H{®P))
were not separated in the excitation spectra, and the valiye of
= 0.416 is used. The values of3 andoyc are 4.34x 1071°

and 8.69x 102%in units of cnfmolecule’?, which are reported

by Molina and Molind and Sander et &F respectively. The
values ofAq1syand Ay are obtained by integrating the atomic
line shapes in the fluorescence excitation spectra measured fo
O and H atoms, respectively. The probe laser intensities,
loasyandly, are obtained from the signal intensity of the nitric
oxide photoionization cell. The photoionization efficiencies of
NO molecule used in the relative intensity measurements of

the probe laser at 121.76 and 121.56 nm are also taken into

accountt314
The detection efficiency of the PMT system is assumed to

total pressures used in the experiments are less than 1 Torr,
and the radiative decay lifetimes of the excited states are less
than several nanoseconds. However, the electronic stastPQ(3
which is prepared by the VUV laser excitation at 121.76 nm,
emits the two transition linesp3P; — 2p'S at 121.76 nm and
3p'P; — 2p'D; at 99.95 nm. The latter transition is not detected
by the photomultiplier through a lithium fluoride (LiF) window.
The A-value for the O(B'P; — 2p'S) transition isA; = 2.06

x 10° sec’t and that for O(3HP1 — 2p'Dy) is A, = 5.06 x 10°
secl. We used the relative values of the detection efficiencies
as¢ous)= Al(AL + Ay) andgn = 1. In the experiments, the
O('S) detection and the H detection were alternatively performed
by changing the reactants and probe laser wavelengths. Intensity
variation of the 193 nm laser light was smatt§%) through

the alternative measurements. The experimental runs were
performed six times repeatedly to record the fluorescence
excitation spectra. Thuspous) = (2.5 £ 1.1) x 103 was
bbtained, where the quoted error was tlestatistical uncer-
tainties of the experimental data.

Checks were made to ensure that thé3pILIF signal scaled
linearly with the intensity of the 193 nm photodissociation laser
pulse, as shown in Figure 4. We also checked that neither the
O(9 nor H atoms’ signal was detected without 193 nm
photolysis light. Therefore, these observations indicate that
multiphoton absorption processes at 193 nm or dissociation of
parent molecules at the probe laser wavelengths were safely
ignored in this work.

Under our experimental conditions of low gas pressures and
short delay time (150 ns), chemical loss ofi§)(and H atoms
through secondary reactions can be safely ignored. For instance,
the room-temperature reaction rate constants for HCI —

Ha + CI'5 and OtS) + O, — productd® were reported to be
2.74 x 10713 and 2.6 x 1072 in units of cn¥ mol~! s,
respectively.

Discussion

In the stratosphere, the photolysis of ozone molecules around
185-210 nm can take place fairly, because this wavelength
range corresponds to the “atmospheric window” due to the edge

be constant between the resonance fluorescence wavelengthsf the overlapping of @and Q absorption. This is the first
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report on determination of the quantum yield of thé$patoms
produced in the 193 nm photolysis 0f;OThe ®o(s) value
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is reported to be 0.6%7. We have roughly estimated the
importance of the contribution of &) + H,O to the OH

obtained in this study suggests that the dissociation pathway(s)production at 40 km altitude in mid-latitudes at noon. The

to produce the G@) atom in the 193 nm photolysis of ozone is
a minor process. Lee et abbserved the XeO exicimer emission
around 557.7 nm, in the photolysis of the gas mixture gDN
and Xe with irradiation of 134.7 nm synchrotron radiation,
which indicated the formation of &) in the photolysis of MO

at 134.7 nm. However, they did not detect the emission around

557.7 nm from the gas mixture of3ON,O, and Xe with the
irradiation of the synchrotron radiation between 170 and 240
nm. They presented the upper limit value for'§(formation
in the G; photolysis between 170 and 240 nm to be 0.1%. The
O(19) yield value, ®ous) = (2.5 £ 1.1) x 1073, which is
obtained in this study for the photolysis og@t 193 nm, is a
little larger than the upper limit value reported by Lee et al.
There are two energetically available pathways fot3D(
formation in the 193 nm photolysis ofs@Table 1), namely

(4)
®)

The former is a spin-forbidden channel, while the latter is a
spin-allowed. In our experiments, the spectral resolution for the
O(3ptP, — 2plSy) transition line in the excitation spectra is not

high enough to detect the maximum Doppler broadening due

O;+hv —0O('9 + 0,(X°5, )

O, + v — O('S) + O(a'Ay)

production rate of OH radical from the reactions of!§(+
H,O or O¢D) + H;0, Rop, is expressed as

Ky, o[HO]Y
KeolH;0] + ky [Nl + ko [0,
[04] f; FM)oosA)D(A)dL (9)

Ron =

where 4 is wavelength,F(1) is the solar flux,o03(4) is the
absorption cross section of ozonéis the molar yield for OH
formation from the O{D)(=1) or O(S)(=0.61) reactions{-
(4) is the quantum yield of @§) or O(D) from the photolysis
of ozone at, ku,0, kn,, andko, are the reaction rate constants
of O(*9 or O(D) with H,0, Ny, and Q, respectively. Hereafter,
the OH production rate from the &) reaction is denoted as

~» While that from the OD) reaction is done aRg;,. The
values ofF(1) are calculated using the program presented by
Kylling et al.18 The values of temperature-dependesi(1) are
taken from the data presented by Molina and Mofiffar Ron
calculations, the cross sections below 240 nm at 263 K are
interpolated from the values reported for 226 and 298 K. For
the reaction rate coefficients for &, the room-temperature
values ofks_g are used, because their temperature dependences

o I .
to the excess energy to distinguish processes (4) and (5), becausd'® unknown. The rate constants forrD) reactions are taken

the energy difference between thg(XP=;") and Q(alAg) states
is small. Moreover, the translational energy of'!§(can be
partley relaxed under our experimental conditions.
Turnipseed et d.reported the formation quantum yields of
the OED) and O@P) in the photolysis of @at 193 nm, which
were 0.464 0.29 for O¢D) and 0.574 0.14 for OfP), using

from the NASA/JPL databook The typical mixing ratio of
H,0 vapor is assumed to be-3 ppmv at altitudes estimated.
The values of the quantum yield of @) as a function of
wavelength is taken from the data by Matsumi et €808—
328 nm), Takahashi et &.(230-308 nm), and Cooper et #.
(221230 nm). For a range of 193221 nm, we assumed the

a resonance fluorescence detection technique with an oxyger{in€ar function using the value of 0.46 at 193 nm presented by
lamp at 130 nm. They also estimated the formation yield of 'urnipseed et él.and the value at 221 nm of 0.87 by Cooper

O,(b'=4") was 0.50+ 0.38. Their results for GP) and O{D)
and the small yield of GE) obtained in this study indicate that
the predominant photodissociation processes gfilO the
“atmospheric window” region (185210 nm) may be GD) +
O,(b=41)/Ox(atAg) and OBP) + Ox(X3Z4).

The OLS) atoms do not react with Nor O, efficiently, and
the reaction rates are relatively small, with the following room-
temeprature rate coefficients:

0(*9) + N,—~ O(D or*P) + N,
ks <5 x 10 " cm® molecule*s™* (6)

0(*9 + 0,—~ O(D or*P) + O,
k,= 2.6 x 10 = cm’ molecule*s™ (7)

while the reaction rate with 3D is very largé’

0O(*9) + H,0 — products
ks =5.0 x 10 *° cm® molecule's™ (8)

This behavior of the Gf) reaction processes is quite different
from that of the OD) reaction processes. The de-excitation
processes of GD) by N, and Q are fast, with the room-
temeprature rate coefficients of 2610 11 and 4.0x 10~*tin
units of cn? molecule® s71, respectively? The photolytic
formation of OLS) in the upper atmosphere provides an OH
source because the branching for OH formation in reaction (8)

et al?® Below 193 nm, the GD) quantum yield value is
assumed to be 0.46.

For wavelength dependence dboiisf4), two different
processes of the @) formation in the photolysis of ©have
been considered. One is that the'§)(atoms are produced
through the spin-forbidden dissociation process (4)&agdsf4)
is constant at 2.5 1073, which is obtained at 193 nm in this
study, below the channel (4) threshold wavelength of 234 nm.
The other is that the &) atoms are produced through the spin-
allowed dissociation process (5) adeb1sf4) is constant at
2.5 x 1072 below the channel (4) threshold wavelength of 196
nm. The OfD) and O{S) quantum yield values used in the
Ron'® and Rop!P calculations and the action spectra in 2-nm
intervals for OH production at 40 km at mid-latitudes are shown
in Figure 5. The integrated area of each spectrum shown in the
lower panel of Figure 5 corresponds Rpn. The percentage
fraction of the OH production from reaction (8) relative toD)
4+ H50, RonSRonP x 100, as a function of altitude between
30 and 70 km at mid-latitudes, is graphically shown in Figure
6. If the O(S atoms are produced from the spin-forbidden
channel (4) and the yield is constant at wavelengths below 234
nm, the maximum contribution of reaction g + H,O in the
atmospheric OH production relative to the well-established
O(D) + H,0 reaction appears at 40 km, and the fraction is
about 14%. At about 40 km, the atmospheric window region is
relatively important in the solar actinic flux penetrated into the
atmosphere. If the @) atoms are produced only from the spin-
allowed process (5), the fraction is less than 0.1% at all altitudes
estimated, and reaction (8) does not become a significant OH
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s T o= C —] 43 km in the stratosphere are about 20% higher than those
° ya , T . predicted by standard photochemical theory, while those in the
~ I / —==oD) '| ] mesosphere (5880 km) are lower than the theoretical predic-
£ /=== 0('8) (x 100) ] . . : .
305/ ——ofs (100 \ 1 tion. The main OH formation process around 43 km is thought
s | \ ] to be the OID) + H,0 reaction following the ozone photolysis,
5 :_‘ \ ‘\\ ] while that above 60 km altitude is to be the photolysis e®OH
O T = -

The new OH production process (8) could provide some solution

E 1F ——- o' Dy+H,0 A - for the HQ, dilemma, if the O{S) atoms were generated by the

8 [ 0l9H0 I ] spin-forbidden photodissociation of ozone channel (4). Other

& [ ——O('s)+H,0 (x 10) A | spin-forbidden dissociation processes of@)(+ O,(X3%4")

c [ i and OfP) + O(a'Ag) in the photolysis of ozone have been

.% 0.5: ,’ \ ] rgported at the longer wavelengths325 nm) with the quantum

2 I AN ] yields of 0.08-0.102%25

s | / \ | The optical emission of the atomic transition of\8¢!D) at

I A M J_,’ \ . 557.7 nm is a spin-forbidden process, and the radiative lifetime

O obhrmr—r== = is 0.71 s. At high altitudes (90100 km) the green emission of
200 240 280 320

the O{S—1D) transition is observed as nightglow. The formation
process of the GF) atoms in the upper atmosphere is still
controversiaP The O{S) atoms for the nightglow have been
considered to be formed by a two step scheme

Wavelength (nm)

Figure 5. Upper panel: Quantum yield values for'Dj (broken line)

and O{9 (dot and solid lines) atoms formation from the ultlaviolet
photolysis of @ as a function of wavelength, which are used for
calculations of the atmospheric OH production rates through the

reactions of OID) and OLS) atoms with HO vapor. Two different O+O0+M—0OF +M (10)
O(*9) formation processes are assumed for the wavelength-dependent
O(tS quantum vyields; the dotted line indicates the'®(formation O+ 0O — O(ls) +0, (11)

through the spin-forbidden process and constant quantum yields below
234 nm, while the solid line indicates theS(formation through the
spin-allowed process and constant quantum yields below 196 nm. Lower The electronic state of the intermediate*@r the production
panel: Action spectra for the OH production rate at 40 km at mid- of o(ls) is not well identified. For detection of the m atoms
latitudes, calculated in 2-nm intervals. Broken line indicates the in |ahoratory experiments such as kinetic studies, tH& ©£D)

contribution of OfD) + H;O, while dot and solid lines indicate those
of O(S + HO assuming the spin-forbidden and spin-allowed
formation processes, respectively, for thé®pformation from the @
photolysis.

jrommm———-

Altitude (km)

(Ron'S/Ron'®)x 100
Figure 6. Percentage fraction of the calculated OH production from
O(9 + H20 relative to OID) + H,0, Ro'¥Ron!® x 100, as a function
of altitude in the mid-latitudes. Indications of the dotted and solid lines
correspond to those in Figure 5, that is, the spin-forbidden formation
and the spin-allowed processes, respectively, for tH&d¢rmation
in the & photolysis.

source.
temperature dependences of the rate coefficients fé6)O(
reactions are not taken into account. The temperature-depende

rate coefficient for reaction (8) has not been investigated yet as j
far as the authors know, although that for reaction (7) has been

reported by Capetanakis etZllIf the temperature dependent
rate coefficient only for reaction 7 was taken into account, the
Ror!¥Ron!® x 100 value was 25%, on the assumption that
O(9 is formed via spin-forbidden channel fromy.0'he present
calculations suggest that it is important for understanding the
stratospheric and mesospheric processes to determinelBe O(
quantum yield values from £photolysis between 193 and 234

It should be noted that in these calculations the

spin-forbidden emission at 557.7 nm has been observed. The
sensitivity of this technique should be low, because the radiation
lifetime is very long and most of &%) atoms are quenched. In
this study, we have used the VUV laser-induced fluorescence
technique to detect the &) atoms at 121.76 nm. The detection
limit for the O(S) atoms detected is estimated to bec110°
atoms cnt® under our experimental conditions used in this
study. This technique can be useful for the investigations of
formation and reaction processes oft§)(in the upper atmo-
sphere with laboratory experiments.
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