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The vibrational distribution of O 2(X32;) produced in the photodissociation
of ozone between 226 and 240 and at 266 nm
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Resonance-enhanced multiphoton ionization coupled with time-of-flight product imaging has been
used to study the @X'A;)+hv—0O(2p°3P;)+0,(X3%;) product channel in the UV
(ultravioley photodissociation of ozone at photolysis wavelengths of 226, 230, 233, 234, 240, and
266 nm. These imaging experiments, together with a measurement of the branching ratio into the
different spin orbit states of the O atom, allowed the determination of the yields of;tpeoGuct

in vibrational states greater than or equal to 26 as a function of wavelength. It was found that at 226,
230, 233, 234, and 240 nm, the yield was 1189%, 11.5-1.2%, 8.2-2.0%, 4.7-1.8%, and
0.6+0.1%, respectively. €2000 American Institute of Physid$50021-9606)0)01203-4

INTRODUCTION and positive anisotropy parameters, whereas elimination of
the central atom, at least alongCa, path, would produce a
Phegative anisotropy parameter. A more likely explanation for
the bimodality might be that there are multiple regions where
e dissociative triplet surface leading to the 3BY)
+02(325) products crosses the bound excited surface,
which correlates with OD) +O,(*A4).> Another possible
O3(X*Ap) +hv—0O(*D,) +0,(a*Ay) (1) explanation is that there is more than one excited state re-
sponsible for the absorption. In order to evaluate these pos-
sibilities, it is necessary to know how the yield of the
O3(X A1) +hv—O(°P)) + 0y(X*%g). ) 0,(%%, ,v=26) product varies with wavelength.
The singlet channel is the dominant of these two chan- !N addition to the fundamental interest in understanding
nels with a yield of 85%—90%. Interestingly, the minor trip- the dynamics of this photodissociation, it is important to un-
let channel yields oxygen molecules with a bimodal energyderstand the quantity and fate of the vibrationally excited
distribution with a significant fraction of the molecules 0Xygen molecules generated from ozone in the stratosphere.
formed in very high vibrational statésThe cause for this Even though only 10%—-15% of the photodissociation events
vibrational bimodality is not known. The possibility that the follow this minor channel, a relatively large amount of vi-
high vibrational excitation comes from elimination of the brationally excited @may be generated because the cycle of
central oxygen atom with recombination of the end atoms td+0O, recombination and ozone dissociation occurs more
form the Q product is appealing, but the angular distribu- than 50 times, depending on altitude, for every ozone formed
tions of the products suggest that this is not a likelyby photodissociation of Qor lost by catalytic decomposi-
mechanisnf. The OGP;) atoms produced in coincidence tion.
with both the Q(v=26) and Q(v<26) have similar high Previous studies have suggested that this energetic oxy-
gen might be implicated in a solution to the well-studied
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The Hartley band of ozone is a broad absorption featur
from about 200-310 nm consisting of a continuum with
some structure superimposed on it. Upon absorption, th
molecule dissociates, predominantly following the spin-
allowed channels

and
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be amenable to model simulations. However, this apparentliZXPERIMENT
straightforward calculation has given rise to a long standing

and puzzling problem in stratospheric ozone chemistry, th%cribed more fully elsewhefe’> A molecular beam of ozone
so called “ozone deficit.” The deficit refers to the mismatch s formed by flowing helium with about 810 Torr backing

. . w
bet\clivelez measulge?h stratfosp?enc o:or;tgt %onc1e_ﬁtratlorés Ia Ftssure over ozone maintained on silica gel at a temperature
modeled ones, both as functions ot altitude. 1he MOCCIeRs _7g0c The subsequent mixture ef1% ozone was ex-

valuet_st_ appea;ﬁd to genergl{y ;;all I%W?_r_:han the c()jbsetrve anded through a pulsed 2p0n diam nozzle and collimated
quanf| 1es, So here _steem_le_h 0 ? al etict 'Itn ((j)ur ur(lj e_rs ‘?p y a 500um diam skimmer mounted about 5 mm from the
INg of 6zone chemistry. The actual magnitude and signifl, ;16 orifice. Further downstream, the molecular beam was

cancef of tr:)e deﬁ;:_lt IS tahn:atter of tsort?e detf’ai‘é.Rece;ntth crossed at right angles by two counter-propagating laser
use of Q observations that appear to be more accurate eams, one serving to dissociate the ozone and the other to

those used previously suggest is that there is no need t;?robe the resulting GP;) fragments using the

: =12
question the standard modéfs. O(3p 3P, 10—« 2pPy)2+1 REMPI (resonantly en-

Even if a deficit exists, it now seems unlikely that the hanced multiphoton ionizatignscheme at 226.23, 226.06
previously proposed new ozone source based on the vibr%- ; ’

: ) A » nd 225.65 nm fod=0, 1, and 2, respectiveff:*’ Due to
tionally excited Q is valid. The proposed additional ozone- the large Doppler width of the GP,) fragments it was nec-
producing mechanism is given by the following schefe:

essary to scan the probe laser over the resonance to ensure

. 3 that the images detect all product ®() atom velocities
O3+ hpy(A<243 nm— Oy(X Eg ,V=26)+0(°P;), (3 with equal sensitivity.

The dissociating laser radiation between 230 and 266 nm

The product imaging experimental details have been de-

Oy(X 32; ,V=26)+ 0,(X 32; ,v=0) was produced by frequency doubling the output of an optical
parametric oscillatofSpectra-Physics MOPO-78@pumped
L O4(X A +O(3P,), (4) by an injection seeded Nd:YAG lasépectra Physics GCR-

230). Typical laser powers were 1-3 mJ/pulse with a pulse
duration of 8—10 ns. The tunable light needed to probe the
O(CP,) fragments at 226 nm was generated by frequency
doubling the output of an injection-seeded, Nd:YAG-
Net: 30(X°Yy)+hv—20, pumped dye laser and then summing the doubled light with
the Nd:YAG laser fundamental; typical powers achieved
Although several recent experimental studies on the UV phowere 1.0 mJ/pulse with a pulse duration of 8—10 ns. Both
todissociation of ozone have confirmed thag(bﬁg WV lasers were operated at 10 Hz. For studies of photodissocia-
=26) is produced in the dissociation of ozdmé,; *’there is  tion at 226 nm, the laser at this wavelength served as both
no direct experimental evidence for the occurrence of reacthe photolysis and the probe laser. Photolysis and probe
tion (4). The stimulated emission pumpin@GEP experi- beams were directed into the vacuum chamber and focused
ments performed by the Wodtke grddp?lindicated that at into the interaction region by 25 and 7.5 cm focal length
295 K there is a large increase in the rate fa() disap- plano-convex lenses, respectively. The polarizations of both
pearance wher increases from 25 to 26. Reactiof) was  the photolysis and probe laser beams were perpendicular to
implicated because the energy at which this rate increasie plane defined by the molecular and laser beams.
occurs corresponds to its thermodynamic threshold, and fur- The velocity mapping-ion counting technigaé® was
ther relaxation experiments tended to support this viewused to obtain high-resolution photofragment images. An
However, several groups have now studied theoretically eielectrostatic lens was employed that served both to extract
ther the reverse of reactiof#)**=2" or reaction(4) in the  the ionized OfP;) fragments from the interaction zone and
forward directior?>2%%=34and none have found evidence to de-blur the image. The magnification factor of this elec-
for the reaction using either the semiempirical Varandas-trostatic lens was measured to be 11702 by dissociating
Pais potentigf26-2°31=-3%r ab initio surfaces®*° O, and detecting the oxygen atom fragment with the same
Regardless of whether or not the vibrationally excitedREMPI scheme used in the ozone experiments. The ionized
02(32@ product is involved in ozone production, it is im- fragments were accelerated into a flight tube mounted along
portant to characterize its production rates in the stratosphetbe axis of the molecular beam. The ions were imaged by a
and to understand the dynamics of its formation. We haveosition sensitive detector consisting of a chevron double
thus proceeded to determine the yield of(@=26) as a micro-channel platéMCP) assembly coupled to a fast phos-
function of ozone dissociation wavelength. The technique ophor screen. The image on the phosphor screen was recorded
time-of-flight product-imaging has been utilized to determineby a 640x< 480 pixel charge coupled devi¢€CD) camera.
the yield of Q(X 32§ ,v=26) at five ozone photolysis Both the MCP and CCD camera were electronically shut-
wavelengths between 226 and 240 nm. The experimentaéred to collect signal corresponding to the mass of the oxy-
procedure and subsequent analysis of the data are very singen atoms. Signal levels were kept below 200 ions per shot
lar to that performed by Milleet al! for ozone dissociation to avoid saturation of the MCP for images with bright central
at 226 nm. We have repeated the measurement at 226 nfeatures. Data were accumulated typically for 100 000 total
since improvements have been made to our experimentéser shots.
technique that substantially increase the velocity resolution.  One experimental complication is the potential “con-

2x{0(°Py)+0x(X %2 ;) +M— O3+ M}. (5)
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Photolysis wavelength

226 nm 230nm 240nm 266nm

from ozone photodissociated at 226,
230, 240, and 266 nm.
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tamination” of the images obtained in two-color experimentsRESULTS

by signal due to dissociation by the 226 nm probe radiation. ¢, experimental efforts have concentrated on the
Careful adjustment of both the spatial and temporal overla[b(spj) fragments formed in the minor photodissociation
between the two laser pulses, coupled with the high power of 5 nnel of ozone, probed through & 2 REMPI scheme, at

the photolysis pulse and low ozone concentration in the Mogjy, hhntolysis wavelengths between 226 and 266 nm. The
lecular beam allowed images to be acquired with minimaky,qes shown in Fig. 1 are slices through the reconstructed
probe contamination. In spite of these precautions, SOme Qfree_dimensional distributions of the ¥;) fragments at
the images with photolysis wavelengths between 230 angl, . of these wavelengths. The electric vector of the disso-
240 nm were contaminated with one-color 226 nm signalyiating fight is parallel to the vertical direction in the plane of
This signal was removed by subtracting an appropriatelype jmage. The images have been altered slightly to correct
scaled amount of pure 226 nm signal from the Image. Aoy the inverse Abel transform singularity along the vertical
much smaller source of background contamination was alsgy;s by fittihng the angular distributions to &[1
present due to the one-color signal from 230 to 240 nm rax gp. (cos6)] distribution and interpolating across the
diation. Images of these background signals were collectefhiqqie 12 pixels for radii greater than 10 pixels. The recov-
and their contribution was subtracted from the two-colorg qq OP,) velocity distributions from the inverse Abel

product images. The resulting data is a two-dimensional prog.ansformed slices can be separated into angular and speed
jection of the OFP;) photofragment’s three-dimensional ve- components. Angular distributions are determined by inte-

locity distribution. Because the projection is made PerPeNyrating over the desired speed interval for each ah@le-

dicular to the electric vectors of the dissociation and probg,tion of the speed distribution is achieved in an analogous
radiation, it is possible to reconstruct the original threée-,nner by integrating over all angles for each speed. The
d'me”5'°2§l41"e'°°'ty distribution using the inverse Abel gneeq gistributions can be further transformed, using the law
transfornt. of conservation of momentum, into total translational energy

The branching ratios for the fine structure states of they ciip i 3y — 3 ; .
OCP,) were measured by plagina 2 in. diam active area Qistributions for the Q—>OZ(X_29)+O( PJ)_ dissociation.
J y plag : From pump-—probe experiments detecting the [H#Ser

photomultiplier tube(Thorn EMI 9235QB near the phos- induced fluorescengesignal from G(X 32§ V=26), it is

phor screen to collect all of the ion signgl as the probe laseg,\vn that the imaged oxygen atoms are paired with ground
was tuned over the GP;) Doppler profile at laser wave- gjacironic state ©molecules: The vibrational distribution of

Iengths'of 226.23, 226.06 and 225.65 nm jf?m' 1,and 2, the O, product can, therefore, be determined by imaging the
respectively. The output of the photomultiplier was sent to a,; - fragment and using conservation of energy,
boxcar averager gated at the appropriate arrival time. The

probe laser power was simultaneously measured with a pho- KE=Ep,=Do(0;~0) = To,(V)
todiode in order to normalize the éR;) signal intensity for
fluctuations in laser power. +ZPEo,~Fyo,(J) ~Eoqpj) - ©®)
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[ ' ] ! ‘ ' ' distributions for the dissociation of O
T 0 0CP 10,0x°x,) at 226, 230
25 20 15 10 5 0 233, 234, 240, and 266 nm. The vibra-
tional levels of the X33, ,J=0)
fragment are indicated by the combs.
The dotted curves represent the uncer-
tainty in the signal intensity arising
from counting statistics. Similar data,
though differing in the details of the
distribution, were obtained for the
O(®P,) and OFP,) fragments.
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where Dy(0O,—0) is the ozone dissociation of energy the ionizing laser at the center of the Doppler profile was
1.0523 0.0026 eV+? To, (v) is the vibrational term, measured before each scan of the Doppler profile to provide

Fu.0,(3) the rotational term calculated from the spectro-proper normalization of the power dependence. It was found
scopic constants given by Laher and Gllméﬁe?,PEo isthe thatthe combination of our laser power and sample concen-

tration put us on an inconvenient place on the saturation
zero-point energy of the Ofragment, ancEospy) are the curve, leading to dependencies ranging from quadratic to cu-
O(®P;) energies obtained from Moore’s talfieThe energy ' 9 P ging q

distributions together with a comb indicating the energy ofb'C' The laser power was measured during the scans, and the

the vibrational states of the,@ragment formed in conjunc- _rrehS:It:jnagtaprs\f:tse V\;Tson%rgzlziezdegorg/ ar'titéorsvgl tzlstgr?vfr:é
tion with O(P,) are shown in Fig. 2. It is interesting to note y P

7 . .
that virtually all of the oxygen molecules formed are vibra- strengtl_’r’: but this correction was smgll._ The results are
. . . . shown in Table Il. The reported uncertainties representf2
tionally excited. The population of interest for the ozone

deficit problem is that inv=26. This population is deter- 9, 4, 3, and 3 measurements at 226, 230, 240, and 266 nm,

mined from the images for each spin—orbit state as a func respectively.
The total fraction of Q(v=26) generated from the pho-
tion of wavelength and is shown in Table I. The uncertainties
tOdISSOCIatlon of ozone at a particular wavelength is given by

reported in Table | take several factors into account. Uncer-

tainty in the intensity of the image arises from counting sta-

tistics and from variation in the detector’s efficiency in its

different quadrants. There is uncertainty in the energy axiFABLE IIl. The branching ratios into the three spin—orbit states of the

arising from uncertainty in the magnification factor and theoxygen atom fragment as a function of photolysis wavelength in the Hartley
flight time band. Note that a statistical yield would give a branching ratio of 5:3:1, or as

percentages, 55.5:33.3:11.1.

The branching ratios into the various ;) states were

surprisingly difficult to measure. The power dependence of O(P,) OCP,) OCPy)
226 nm 699 23+3 7.7+2.2 this work
TABLE I. The percent population of {rom the triplet channel in=26 as 45 39 16 :
a function of photolysis wavelength and spin—orbit state of the counter 59+4 30+2 11
fragment. Note that the thermodynamic threshold for the generation of 55 35 15 ¢
O,(v=26) is at 241.6 nm. 4510 36+10 18+10 ¢
230 nm 553 31+4 14+2 this work
226 nm 230nm  233nm  234nm 240 nm 240 nm 675 25%5 7.9:04 this work
266 nm 66:3 261 8.5+2.6 this work
o(P,) 14.5-2.0 16.8-3.8 15.2:0.2 6.9£0.9 0.70:0.10 55+3 23+3 12+3 e
11=3 308 nm 66-3 27+3 9+1 e
ocP,) 5.5+0.5 5.1+0.7 0.70.2 0.8:0.2 0.30:0.10
5.9:2.0 %Reference 46.
O(Py) 3.6=0.5 4.1+0.6 0.4:0.2 0.6:0.2 0.10:0.05 PReference 1.
4.6+2.0 ‘Reference 14.

dReference 15.
®Reference 15. *Reference 52.
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TABLE lIl. The total percentage of minor channel product created/ in  were affected by saturation of the central feature on the
=26 as a function of photolysis wavelength. MCP. Note that theg values for very high velocities are

Wavelength Percent population Assuming likely to be incorrect because there are correlations for
(nm) inv=26 statistical the OGP,) and OFP,) velocities.
226 11.8-1.9 10.3
230 11.5-1.2 115 DISCUSSION
233 8.2 _ o . _ _
234 47 The velocity mapping-ion counting technique increases
240 0.6:0.1 0.5 the resolution of imaging data. This is clearly seen when it is

compared with the data from the conventional Wiley—
McLaren imaging apparatbir even the more recent data
employing solely the velocity mapping techniciférhis im-
Fu=26(M) =Ft(MRy=26(A), () provement allowed the observation of previously unresolved
where F,(\) is quantum yield of triplet channel and structure in all the photolysis images collected here. This
R,-26(\) is fraction of triplet channel product formed in structure spans multiple vibrational levels and is indicative
=26 at that same wavelength. The photofragment produdhat a complicated photodissociation dynamics occurs in this
imaging data combined with the measured branching ratiofiree atom system.
allows the determination of the latter value as A further quantitative improvement over the previous
imaging work was due to the discovery that the intense cen-
2 F3pa(MFjy=26(A) tral feature of many of the images was saturating the position
S Faps() ' ®  sensitive MCP, but only in those locations with high ion flux.
Thus the relative intensities of faster fragmefitsver vibra-
whereF;, v=26(\) is the fraction of Q formed in coinci- tional energy in the @fragmenj were artificially augmented
dence with OfP;) that is inv=26, shown in Table I, and in previous work'?
F3pi(N) is the branching ratio of minor channel product into Takahashiet al*® have reported a measurement of the
O(®P;), shown in Table Il. The branching ratio was not translational energy distribution for the ¥®;) fragment
measured for 233 and 234 nm dissociation. At these wavdrom 266 nm photodissociation of ozone. The atomic frag-
lengths a statistical population was assumed with estimatechent was detected using VUV-LIfvacuum ultraviolet-laser
uncertainties of 10%, 6%, and 3% in the 2, 1, and O state, induced fluorescengeAlthough the resolution of this data is
respectively. The resulting populations are summarized irextremely low, it agrees qualitatively with that reported here,
Table IIl and plotted in Fig. 3. except for the strong minimum observed in their data at
The imaging data also provides angular information. Theabout 0.8 eV. We are unaware of any other measurements of
measured angular distributions at 226, 230, 240, and 266 nthe OFP;)+ 0,(33) translational energy distributions at
agree qualitatively with those measured earlier in oumwavelengths of 230—-240 nm.
laboratory? In this previous work, both the 226 and 230 nm Our measurements of the branching ratios are signifi-
images showed a slightly lower anisotropy parameemt  cantly different than many of those obtained in other labora-
low velocities than in the data presented here. This result itories. These data are shown in Table Il. There seems to be a
consistent with the observation that the previous imagesvide range of scatter in the different measurements at 226

Ry=26(N)=
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FIG. 3. Plot of the quantum efficiency
for the formation of Q(v=26) as a
function of wavelength. The value at
193 nm is taken from Strange al.
(Ref. 17. A 10% branching ratio into
the triplet channel is assumed. The ab-
sorption cross section taken from Mo-
lina and Molina(Ref. 51 for ozone is
plotted as the dashed curve on the
right hand axis.
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TABLE IV. The ozone photodissociation wavelength in nm corresponding to the energetic threshold for the
formation of vibrationally excited @with O(*P;) based on the recent measurement of Jongnal. (Ref. 53.

O,(v=26) O,(v=27) O, (v=28) O, (v=29) O,(v=230) O,(v=31)

0(P,) 241.6 236.3 231.4 226.9 222.8 219.0
O(P,) 240.7 235.4 230.6 226.1 222.0 218.2
0(%0,) 240.3 235.0 230.2 225.8 221.7 217.9

nm, and none of them quite agrees with our values; for exezone absorption cross section increases rapidly with wave-
ample, every measurement finds lesssR)) than we do. length as shown in Fig. 3. The wavelength dependence of the
The closest value to ours is the measurement that was prewield is tied to the altitude dependence of ozone concentra-
ously performed by this group. Also at 266 nm we find moretion because the solar flux changes significantly with alti-
population in OfP,) than the other measurement. Our val- tude; see, e.g., Ref. 47.
ues are fairly constant at all four wavelengths and agree more The points in Fig. 3 give the wavelength dependence of
closely with the literature values at 308 nm, the exceptiorthe O,(v=26) yield. Also shown is the original fit by Toumi
being at 230 nm, where we found an essentially statisticaét al. using only data at 193, 226, and 243 fAfn.
distribution. It seems likely that our values are high. One _ 15 2
possible contribution to this would be the presence of ther- Q=149388-0.012125+2.4599<107 "\~ ©)
mal oxygen atoms from the decomposition of ozone on thé\lthough the fit does not capture the onset of(®=26)
metal surfaces of the sample line. near 234 nm, it does about as well as can be done using a
The goal of these experiments was to measure the fragquadratic polynomial.
tion of O,(v=26) formed in the triplet channel. Our results Given the current state of the theoretical work on reac-
are shown in Table Ill. Given the concern with the measuredion (4), the model calculatioff represents an upper limit for
branching ratios into the different spin—orbit states ofozone production because it assumes that all of thes O
O(®P), we might ask how dependent these values are on the 26) reacts to form ozone. Even if reactiot) occurs, it is
exact branching ratios used. The final column shows thenlikely that all of the excited oxygen molecules follow this
fraction of O,(v=26) calculated if a statistical distribution is reaction. The dependence of thg(@=26) yield on wave-
assumed. These two sets of values represent what seemsléngth shown by the points in Fig. 3 is similar enough to that
be the two extremes of the branching ratio. The resultingassumed previously that it appears likely that the new mea-
fractions of Q(v=26) formed are not significantly different. surements will not change the previous results. We thus
Previous measurements of the fraction of(¥=26) again come to the conclusion that, if there is a mechanism
formed in the minor channel for photodissociation at 226 nnfor generating ozone from the vibrationally excited, @hen
were consistently lower than our current value, although theyhe production yield of @v=26) from ozone photolysis
agree closely with each other. Millet al! measured 8.1% partially accounts for the ozone deficit problem, particularly
while Syagé® found 7.9%*2.0% in v=26. The results at the lowest altitudes at which the problem is manifest. It
should be higher than the previous imaging measurelnentioes not account for the ozone deficit at higher altitudes.
because of the saturation effect discussed above, in which the Although it should eventually be possible to explain
relative intensities of slower fragmenthigher vibrational much of the structure in each of the individual images, more
energy in the @ fragmen} were artificially suppressed. Al- theoretical effort is first needed concerning the nature of the
though our new measurement is not as close to that of Syagdectronic states of ozone reached by these dissociation
as the previous measurement, the new value is still within thevavelengths. A few conclusions can nonetheless be made.
error limit. Kinugawaet al*® show a translational energy First, the two regions in the bimodal distribution seen in the
distribution for the OfP;) fragment that agrees qualitatively lower wavelength images arise from distinct processes. This
with our data. However, their data seem to have more intenis seen clearly by examining the angular distributions. For
sity in the lowest vibrational levelsy=0-3). the slower fragments, there is a well defing@dalue, while
One motivation for these particular experiments was tdfor the fast fragments &J correlation becomes pronounced,
be able to evaluate possible implications for the ozone deficieading to a different yet less well defing®lvalue? This
problem. If a deficit exists and if 5()325 ,v=26) leads to observation is strong evidence that two different processes
formation of two ozone molecules, then accurate values folead to these products.
the amount of vibrationally excited Qormed as a function Second, there appears to be a distinct threshold for form-
of wavelength would be needed for proper modeling. Previing O,(v=26). The photodissociation wavelengths corre-
ous data on the yield of ffv=26) were available only at sponding to the energetic thresholds for forming(\Q in
193 and 226 nm, and models assumed a yield as a functicassociation with the three spin—orbit states of the atomic
of wavelength that passed through these points and the engrroduct are shown in Table IV. The highly excited fragments
getic threshold for v=26) at 241.6 nm. The experiments begin to be observed near 234.5 nm, a wavelength that cor-
reported here have added several points to the high waveesponds to the formation rotationally excited molecules in
length end of this region. It is particularly important to char-v=27. This is also clearly seen from the vibrational combs
acterize the yield in this wavelength region because thén Fig. 2.
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Third, there are clear differences in the images for dissociation of ozone at wavelengths between 226 and 240 nm
sociation at the same wavelength while probing differentand at 266 nm. The distributions for wavelengths of 233 nm
spin—orbit states. Two effects contribute to these differencesand below are bimodal, with one peak in the distribution near
One is the slight difference in energy in the atomic statesy =14 and another near=27. At wavelengths of 235 nm or
most easily seen in the data at 234 nm where th8Pg)(  longer, the peak at the=27 disappears. When combined
data clearly has the strong contribution from vibrationallywith a measurement of the branching ratio to different spin—
excited Q while the other spin—orbit states do not. In this orbit states of the G@,) atom, it is possible to determine
case the threshold for the dynamical process that forms theme fraction of Q(3E§) produced in levelsy =26 as a func-
vibrationally excited products has been crossed by theion of wavelength. The wavelength dependence of this frac-
158.265 cm*® of the spin—orbit excitation. The second effect tion is similar to that used previously to calculate the effect
is that due to the nature of thlelevel. It is known that there of 02(329_ ,v=26) on the production rate of ozone, so that
is av-J correlation from the angular fits as well as from the we do not expect the conclusion to be different: If there is an
fact that when the polarization of the probe laser is rotatedzone deficit production of Q329,v>26) may account for
90°, the image changes. The extent of this correlation can béne ozone deficit near 40 km, but cannot account for the
different for different values ad. This is most evident for the deficit at higher altitudes, even if all theZGEQ ,V=26)
case wherg=0, as in this instance there is weJ correla- leads to production of ozone via a reaction similar to @&.
tion. The vibrational distribution of the §°S ') and the an-

The bimodal feature in the lower wavelength images isgular distributions of individual parts of this distribution in-
accounted for by the presence of the two processes for whicticate that there is more than one dissociation mechanism for
evidence has been presented above. There is also a clgabduction of Q(3E§). Additional hints about the dissocia-
bimodality in the data from 266 nm dissociation. The energytion mechanism are provided by the sharp onset with de-
distribution displays peaks at 2.7 and 3.6 eV. This distribucreasing wavelength of thezdzg ,v=26) yield and by the
tion raises further questions since the process creatingariation in the vibrational distribution of 50325 ) with the
O,(v=26) at lower wavelengths is no longer energeticallyspin—orbit state of the sibling &P;).
accessible. One possibility is that it arises from a previously
unobserved spin-forbidden process in the Hartley band. En
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