Journal of Atmospheric Chemistry 26: 323-335, 1997. 323
© 1997 Kluwer Academic Publishers. Printed in the Netherlands.

The Potential Influence of CIO- O, on
Stratospheric Ozone Depletion Chemistry

DREW T. SHINDELL
NASA Goddard Space Flight Center, Goddard Institute for Space Studies and Center for Climate
Systems Research, Columbia University, New York, NY 10025, U.SA.

(Received: 11 November 1996)

Abstract. The inability to explain the observed oxygen suppression of chlorine photosensitized
ozone loss remains a gap in our understanding of the photochemistry responsible for depletion of
the stratospheric ozone layer. It has been suggested that the presence of a weakly bound CIO - O,
complex could explain this effect. The existence of this complex would alter the chlorine budget
of the stratosphere, perhaps reducing the chlorine available for catalytic ozone destruction. On the
other hand, the chemistry of ClO- O, provides two new pathways for CIO dimer formation, which
could increase the rate of catalytic ozone loss. In this paper, we constrain the kinetic rate system of
ClO- O, to match the measured Cl, budget. It is shown that CIO- O, cannot be both fairly stable
and rapidly form the CIO dimer, or the resulting partitioning of chlorine becomes incompatible with
observations of both CIO and total available chlorine. These constraints allow that either: (1) the
ClIO- O, isfairly stable, but does not significantly enhance ClO dimer formation and therefore has a
negligible effect on ozone loss rates, or (2) the CIO - O, complex isonly very weakly stable, but does
rapidly form the CIO dimer, and therefore can influence stratospheric ozone depletion. Even at the
ClO- O, mixing ratios alowed under the assumption of weak stahility, 0.1 to 0.2 ppbv, significant
ozone loss rate enhancements were calculated. Of course, the chlorine budget constraint also allows
for athird possihility; that CIO- O; is neither very stable nor forms Cl,0O, very rapidly. Measured
limits on the reaction rates for ClO- O, to form the CIO dimer would greatly aid the resolution of
thisissue. Since the uncertainties about CIO - O, chemistry are so large, a potential role for CIO- O,
in stratospheric ozone loss cannot be ruled out at thistime.
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1. Introduction

The catalytic destruction of ozone by chlorine is responsible for the majority of
polar ozone depletion which createsthe annual Antarctic ozonehole (e.g. Solomon,
1990), aswell asplaying asignificant rolein mid-latitude ozoneloss over popul ated
areas (World Meteorological Organization, 1994). In currently accepted chemistry,
chlorine destroys polar ozone primarily through the CIO dimer catalytic cycle
(Molinaand Malina, 1987):

2x (Cl +03 — ClIO+ 0Oy) @
CIO+CIO+ M — Cl,0, + M 2

Cl,0, + h — Cl + CIOO ©)
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CIOO+M = Cl+0;+ M )

Net : 203 + hv — 302

This catalytic cycle requires sunlight to proceed, and is limited under typical
conditions found in the Antarctic springtime lower stratosphere by reaction 2, the
rate of dimer formation.

The*standard’ cycle, which may beimportant at mid-latitudesaswell asplaying
aminor role in polar ozone depletion, is the following:

Cl+ O3 —» ClO+ O, )

ClO+ 0 Cl+0, (5)

Net: O3 + O — 20,

In both cycles, the rate of ozone loss is independent of the amount of oxygen
present. It is therefore troubling that laboratory measurements have shown that
oxygen in fact suppresses chlorine photosensitized ozone decomposition (Norrish
and Neville, 1934; Wongdontri-Stuper et al., 1979). A possible explanation was
offered by Norrish and Neville (1934), and el aborated upon by Prasad (1980), who
suggested that this Norrish—Neville effect could result from additional chemistry
involving aClO - O, association complex if it were stable enough to exist in signifi-
cant amounts. After ClO isformed following the irradiation of Cl,, the existence of
the CIO - O, complex would alter the branching ratios for the CIO + ClO reaction
to favor the formation of Cl, at the expense of Cl, leading to fewer free chlorine
radicals which destroy ozone. The addition of oxygen would increase the amount
of CIO- O, formation, causing a reduction in the amount of chlorine radicals, and
henceareduction in theyield of ozone molecules depleted per photon absorbed by
Cl,. A stable CIO - O, complex could thus explain the Norrish—Neville effect.

Several recent laboratory chemical kinetics experiments (Ongstad and Birks,
1986; Sander et al., 1989; Trolier et al., 1990; DeMore, 1990; Nickolaisen et al.,
1994) have suggested that the ‘current’ CIO + CIO branching ratios are in fact
correct, although these experiments have set limits on the CIO- O, reaction rates
which gtill allow for the possibility that CIO - O, may exist in significant amounts.
Prasad and L ee (1994) have explicitly asserted that the laboratory experiments are
inconclusive, and that the concentration ratio [CIO - O,]/[CIO] may be as large as
0.75 within the polar vortex based on the laboratory upper limit for the equilibrium
constant of the CIO + O, «+» CIO- O, reaction. A ratio thislarge could give CIO - O,
amajor role in chlorine catalyzed ozone depletion chemistry. New catalytic cycles
could take place via:

2 x (Cl + 03 — ClO + Oy) )

ClO+0,+M = ClO-0,+M (6)
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ClO- 0O, + CIO — Cl,05 + O, (7)
Cl,05 + hi — Cl + CIOO 3)
ClOO+M — Cl+ O + M 4)

Net : 203 + hv — 302

2x (Cl +03 — CIO+ Oy) (1)
2% (CIO+ 024+ M — ClO- O, + M) (6)
ClO- O, + ClO- Oy — Cly0;5 + 20, )
Cl,0; + hv — Cl + CIOO ©)
ClOO+M = Cl+ 0, + M 4

Net : 203 + hv — 302

The formation of the CIO dimer could be enhanced through the two step process
of formation of the ClIO - O, complex, reaction (6), followed by either reaction (7)
or (8), both of which form the CIO dimer. These steps could circumvent the rate
limiting reaction (2) in the CIO dimer catalytic cycle given above, and increase the
rate of chlorine catalyzed ozone depletion. Large amounts of ClO- O, could also
indicate severe problems with current interpretation of ClO observations.

We examine here the implications of proposed ClIO - O, chemistry, calculating
the abundance of ClO - O, in equilibrium with typical measured values of enhanced
ClO within the southern polar vortex. We show that a stable CIO- O, compound
creates a significant chlorine reservoir, while fairly rapid dimer formation greatly
increases the [Cl,O,]/[CIO] ratio. Forcing the resulting chlorine budget to be
compatiblewith total chlorine, suchthat CIO+ 2 x Cl,O, + ClO- O, isconstrained
to belessthan or equal to the total available chlorine (neglecting HCl and CIONG,
at this point to set an upper limit on active chlorine), we show that one or both
of the steps whereby CIO forms Cl,0, via ClO - O, must proceed fairly slowly.
Ozone depletion rates are then calculated based on these constraints.

2. The Chemical M odel

The five chemical reactions involving CIO- O, are listed in Table | (reactions
(6)—(10)), along with several other important chlorine reactions in the lower
stratosphere. Reaction numbers follow those used in the catalytic cycles above.
Rates are evaluated based on the rate constant parameters and photolysis cross
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Tablel. Chlorine reactions and their rate constants at 7 = 197 °K

# Reaction Rate constant
1 Cl+03—ClIO+0, 7.7 x 10722
2 ClO+ClO+M — Cl,0; + M 6.9 x 10~
3  Cl0:+hv — Cl + CIOO 9.2x 107
4 CIOO+M —=Cl+0;+M *

5 CIO+0—Cl+0; 43 x 1071
6 ClO+0;+M—>ClO-0;+M 21x 107
7 ClO+ClO-O, — Cl,0; + Oy 1.0 x 10722
8 ClO-0;+ClO-0Op — Cl20; + 02 + 02 50 x 1071
9 ClO-0;+M—>ClO+0;+M 14 x 107
10 Cl+Cl0-0; = Cl,0+0; 10x 107
11 Cl+ClO+0, = Cl,0+0; 27 x 10712
12 Cl+Cl,0— Cl; +ClO 9.8 x 1071
13 Cl+Cl;0, - Cl, +Cl + O, 10 x 1071
14 Cl,0,+M — CIO+CIO+M 28 x 107%
15 Cl+0ClO— ClO+ClO 7.7 x 107%
16 Cl,0+hv — Cl+CIO 55 x 1074
17 Cly+hv —Cl+Cl 20x 1073
18 OCIO+hv — O+CIO 6.8 x 1072

Rate constants for reactions (6) and (9) are calculated using the upper
limit for the equilibrium constant given in the text (with AH = 7
kcal/mole) and the association reaction rate constants given in DeMore
(1990). Rate constants for reactions (7), (8), (10), and (11) are taken
from Prasad and Lee (1994), and for all other reactions from DeMore
et al. (1994). Reaction (4) is so rapid that it is assumed to be instan-
taneous in these calculations. Photolysis rate constants are calculated
using the cross sections of DeMore et al. (1994). Values given here
are for midday, 78° S, 6 September conditions. Unitsare s~ for pho-
tolysisreactions, cm® molec™* s~ for bimolecular reactions, and cm®
molec=2 s~ for three body reactions.

sections given in the NASA/JPL 1994 evaluation (DeMore et al., 1994), or are
taken from DeMore (1990) or Prasad and Lee (1994) as cited in the table.

The stability of the CIO- O, complex is determined by reactions (6) and (9),
the ratio of which is the equilibrium constant of this species. The equilibrium
constant for the reaction CIO 4 O, «++ CIO - O, is given by the expression keq =
2.9 x 107 exp(AH/RT) cm®, where AH is the bond strength, R is the gas
constant, and 7" is temperature in degrees Kelvin. An upper limit from recent
laboratory measurementsis a bond strength of ~7 kcal/mole (e.g. DeMore, 1990;
Nickolaisenet al., 1994), sothat keq = 2.9 x 10~26 exp(3500/7") cm?, which gives
keq = 1.5x 10718 cm3for T = 197K (the dataevaluation of DeMore et al. (1994)
suggests a conservative upper limit of AH/R < 3700).

We also wish to consider theimpact of ClO - O, on ozone destruction, for which
reactions (7) and (8) are also of primary importance, as shown in the catalytic
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cycles above. Together, these reactions determine how rapidly ClO - O, forms the
ClO dimer, and could therefore enhance the chlorine catalyzed depletion of ozone
by speeding up the rate limiting step of dimer formation. We begin our analysis
using the current laboratory upper limit for the equilibrium constant, and the
reaction rate constants proposed by Prasad and Lee (1994) given in the table for
reactions (7) and (8), though we note that there is ho experimental evidencefor the
latter two rate constants.

Thisreaction set has been used to cal culate equilibrium mixing ratios of CIO- O,
and Cl,0, for conditions appropriate to the polar springtime lower stratosphere
at ~20 km (~39 mbars), when large amounts of ClO, ~1.7-1.9 parts per billion
by volume (ppbv), have been observed (e.g. Waters et al., 1993; de Zafra et al.,
1995). Thephotolysiscalculationsare performed using tridiagonal matrix inversion
(Toon et al., 1989) to find the radiation field in a spherical atmosphere, with
radiative transfer within each layer calculated using the delta-Eddington method
(Dvortsov et al., 1992; Briegleb, 1992). Absorption due to molecular oxygen
and ozone is calculated, with the ozone and pressure profiles taken from balloon
measurements performed at McMurdo Station by the University of Wyoming (B.
Johnson, personal communication, 1993), supplemented by MLS ozone above
35 km altitude (J. Waters, personal communication, 1994). Further details of the
radiative transfer calculation can be found in Shindell and de Zafra (1996). For
verification, the calculations were also performed using the full chemistry of the
1-dimensional model described in Shindell and de Zafra (1996), with the addition
of the CIO- O, and Cl,O reactions (along with relatively unimportant reaction
(13) for completeness). The solutions were virtually identical. Figure 1 shows the
results of five such calculations. Thefirst set of four bars show mixing ratios when
ClO- O, chemistry is excluded. The next two sets show mixing ratios calculated
based on the CIO - O, chemistry givenin Table I, for the indicated temperatures.

3. Results

Using the recommended equilibrium constant, the calculated [CIO - O,]/[CIO] ratio
ranges from 0.5 to 1.2 for lower stratospheric vortex temperatures from 197° to
187°K respectively, at which large amounts of CIO have been observed. These
valuesarein agreement with the results of Prasad and Lee (1994). The effect of the
ClO- O, chemistry on the [Cl,O,]/[CIQ] ratio is even more significant however.
The two new pathways for Cl,O, formation provided by the presence of CIO- Oy,
reactions (7) and (8) in Tablel, increasethe [Cl,O,]/[CIO] ratio dramatically when
the reaction rate constants suggested by Prasad and Lee are used. In this case,
so much chlorine is sequestered in Cl,0, and CIO- O, that to accommodate an
observed ClO level of 1.8 ppbv requiresatotal inorganic chlorine budget of 9 to 21
ppbv, for 197° and 187 °K temperatures respectively, as shown in the second and
third set of barsin Figure 1. These values are implausibly larger than the current
total available inorganic chlorine of ~3.1-3.2 ppbv near 20 km altitude (von
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Figure 1. Calculated mixing ratios of active chlorine species at 20 km altitude (~39 mbars)
based on an observed 1.8 ppbv ClIO and using the indicated temperatures and equilibrium
constants for the reaction CIO + O, — ClO- O, (kg = O represents ‘standard’ chlorine
chemistry without CIO- Oy). Photolysis caculations were performed for midday, 78° S, 6
September conditions, corresponding to a period when large CIO mixing ratios have been
observed. Equilibrium constants given in cm® molec™?.

Clarmann et al., 1995; Woodbridge et al., 1995), which is shown as a horizontal
line across Figure 1. While the presence of the CIO- O, complex would likely
influencethe interpretation of some ClO observations, measurements of ClO using
severa techniques would all have to be too large by a factor of three or more
to accommodate these [Cl,O,]/[CIO] and [CIO - O,]/[CIO] ratios. This does not
seem believable, especially given that no rationale has been offered to explain
how ground-based microwave measurements could be affected by CIO- O,. We
conclude that when the proposed reaction rate constantsfor Cl,O, formation from
ClO- O; are used, the CIO - O, cannot be very stable.

Using the reaction rate constants suggested by Prasad and Lee for reactions (7)
and (8), a bond strength of ~6.1 kcal/mole is the largest that can be reconciled
with the available chlorine budget and measured active chlorine. The equilibrium
constant isthen approximately an order of magnitudelower (keg = 1.5x 10-1°cm?
atT = 197 °K). Thetotal chlorine containedin observed ClO and cal culated Cl,O»
and ClIO- O, becomes much closer to the total available inorganic chlorine with
this equilibrium constant, though it is still larger, as shown in the two right-hand
sets of barsin Figure 1. However, since the uncertainties in measurements of both
ClO abundance and the ClIO dimer reaction rates lead to an uncertainty of +48%
oninferred total chlorine (Shindell and de Zafra, 1995), this valueis a reasonably
conservative upper limit on the strength of the CIO-O, bond in the CIO- O,
complex and on the equilibrium constant derived from the bond strength. Again,
this limit is valid when the proposed reaction rate constants for Cl,O, formation
from ClO - O, are used. The maximum mixing ratio of the ClO- O, complex that



POTENTIAL INFLUENCE CIO- O, ON STRATOSPHERIC OZONE DEPLETION CHEMISTRY 329

10—y e —— .
r ClO l
- B [ cl2zo2 _
§_ L Cloo2 .
g i Taotal CI 1
2 5 Available E
- 3 Chlorine 1
T 4L / ]
2 [
= ]

Ll ™ KR

1 110" 1107 1x 107 1x10*

Figure 2. Calculated mixing ratios of active chlorine species as a function of the rapidity of
ClO dimer formation from ClO - O,, based on 1.8 ppbv ClIO and the upper limit of the CIO - O,
equilibrium constant. Both reactionsthat form Cl,O, from ClO - O, reactions (7) and (8), have
been multiplied by the factor given under each set of bars.

could exist in the stratosphere for current chlorine loading is approximately 0.2
ppbv with this limit. The amount of CIO- O; is strongly temperature dependent,
falling from 0.19 ppbv at T = 187°K t0 0.09 ppbv at T = 197 °K.

Another concern isthat the rate constants for the new pathwaysto form Cl,0,,
reactions (7) and (8), have not been measured. If these rate constants were smaller
than suggested, less Cl,O, would beformed from ClO - O,. Thisraisesthe possibil-
ity that CIO - O, couldin fact befairly stable, but not enhance CIO dimer formation
as strongly, and so would not violate the chlorine budget in the manner shown
above. To explore this possibility, we have reduced the reaction rate constants for
both reactions (7) and (8) progressively by powers of ten. In Figure 2 we present
the chlorine budget as afunction of the rapidity of the CIO - O, — Cl,0, reactions
when the current recommendation for the upper limit of the CIO- O, equilibrium
constant is used. The rate constants were multiplied by the factors shown under
each set of bars. Results for 7' = 197 °K are shown. Clearly, the formation of the
CIO dimer from CIO - O, must be reduced by at |east three orders of magnitudein
order for thetotal chlorine budget to be in reasonable agreement with the available
chlorine amount. The chlorine budget is even more constraining at 187 °K, as cold-
er temperatures would increase the stability of both Cl,O, and ClIO - O,, yielding
roughly 30% more total chlorine for a given set of reaction rate constants. Based
on the chlorine budget constraint, we conclude that ClO - O, could in fact be fairly
stable, but only if its presence does not greatly enhance ClO dimer formation. Even
with afairly stable CIO - O, complex, the influence on the chlorine budget would
be minimal in this scenario sinceit requires acompensating reductionin ClO dimer
amounts in equilibrium with daytime CIO, as shown in Figure 2. Given that the
abundance of the CIO dimer has never been measured, it is not currently possible
to determine the veracity of this scenario.
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A similar analysis has been performed at 16 km altitude (~78 mbars). Chlo-
rine monoxide abundances of about 0.8 ppbv have been observed at these levels
by several techniques (e.g. Toohey et al., 1993; Waters et al., 1993; de Zafra et
al., 1995). The higher pressure increases the rates of the three body reactions,
increasing the [Cl,O,]/[CIO] and the [CIO - O,]/[CIO] ratios as compared to those
found at lower pressures. At atemperature of 197 °K, the total chlorine contained
inClIO+ 2 x Cl202 4+ 2 x ClIO - O is 9.4 ppbv using an equilibrium constant of
keq = 1.5 x 10718 cm3, and 4.1 ppbv using keg = 1.5 x 1071° cm?, dlightly larger
than the 8.9 and 3.6 ppbv calculated at 39 mbars using the same equilibrium con-
stants(shownin Figure 1). Despitethelower abundancesof ClO typically observed
at theselevels, the pressure dependenciesof the Cl,0, and ClO - O, formation reac-
tions make these results slightly more constraining than those at lower pressures.
Additionally, recently reported ground-based observations show ClO mixing ratios
of 1.0-1.5 ppbv occurring at ~16 km late in the Antarctic springtime (de Zafra et
al., 1995). The vertical resolution of the ground-based instrument is fairly coarse
(~6 km) however, so it is difficult to draw conclusionsthat are extremely pressure
sensitive based solely on those data. Those measurements suggest that the CIO - O,
equilibrium constant may in fact be substantially smaller than the limit given here
however.

Notealsothat thecalculated ‘total’ chlorineamount used hereincludesonly CIO,
Cl,0,, and CIO - O,, and that the presence of any chlorinein other species such as
CIONO; or HCI would alow for even less of the CIO - O, complex. Furthermore,
the use of the recently measured Cl,O, photolysis cross sections of Huder and
DeMore (1995) would lead to approximately 80% more Cl,O, in equilibrium with
ClO and CIO- O, (see Shindell and de Zafra (1995) for a detailed discussion of
the chlorine budget with these new cross sections), making agreement with the
available chlorine budget much worse.

4. Impact on Ozone L oss

Having established limits on the chemistry of ClIO-O,, we can now examine
whether the allowable amounts and reaction rates are capable of influencing chlo-
rine catalyzed ozone depletion. As stated earlier, CIO- O, forms the CIO dimer
through either reaction (7) or (8), which we compare with therate limiting reaction
(2) in the CIO dimer catalytic cycle to assess the relative contributions to ozone
loss. Reaction rates for these three pathways to form Cl,O, are shown in Figure 3,
along with the total ozonelossrate. Calculationswere madefor ClO - O, chemistry
with the CIO - O, equilibrium constant upper limit and the lower value derived in
the budget study, and using reactions (7) and (8) at both the suggested values and
at the lower values used in the budget study. The case without CIO - O, chemistry
is also shown for comparison. Five sets of bars are shown for each temperature,
with all calculations performed at 20 km altitude.
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Figure 3. Ozone loss rates due to chlorine catalytic chemistry at the given temperatures with
ClO set to observed values. The five sets of barsin each panel show lossrates for theindicated
scenarios. Keq refers to the equilibrium constant of ClO- O,. (R2) istheCIO+ CIO+ M —
Cl,0O; + M reaction, (R7) is the CIO + CIO- 0O, — Cl,0, + O, reaction, and (R8) is the
ClO- 0O, + CIO- Oz — Cl0; + Oz + O reaction, following the reaction numbers given in
Tablel.

In the control scenario, with no CIO - O, chemistry, all dimer formation is obvi-
ously through reaction (2) only. When the upper limit for the CIO - O, equilibrium
constant is used along with the suggested rates for reactions (7) and (8) (second set
of bars), thereisahugeincreasein the amount of ozoneloss, with dimer formation
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through reaction (7) proceeding several times faster than reaction (2), and reaction
(8) going at approximately the same speed as reaction (2). As was shown in the
second and third setsof barsin Figure 1 however, this scenarioisunreasonabl e, asit
resultsin total chlorine amounts far above those available. When we keep reaction
rates (7) and (8) at the suggested values, so that dimer formation from CIO - O, is
comparatively rapid, but lower the ClO - O, equilibrium constant to avalue consis-
tent with the total chlorine budget (third set of bars), we find an increase in ozone
loss of ~50% at 197 °K, and ~70% at 187 °K. Though there is very little CIO - O,
in this case, as its stability is weak at the lower value of the equilibrium constant,
therapidity of reaction (7) till increasesthe dimer formation rate significantly. The
last two sets of bars show results using the slower ratesfor reactions(7) and (8) that
were shown in Figure 2 to give chlorine amountsin reasonable agreement with the
budget constraint. When these rates are used, dimer formation is hardly enhanced
at al, even with the upper limit of the CIO- O, equilibrium constant. While the
last three sets of bars are for scenarios which give chlorine amounts in reasonable
agreement with the budget constraints, only the case with aweakly stable CIO - O,
complex but very rapid CIO dimer formation from ClO - O, gives alarge increase
in ozoneloss rates.

Ozone loss rates for the same set of reaction rates, but with Cl, fixed at 3.2
ppbv and CIO allowed to vary are shownin Figure4 for 197 °K. Whenthe CIO - O,
equilibrium constant upper limit isused, leadingto afairly stable CIO - O, complex,
thereisanet reductioninozonelossfor afixed amount of Cl, sincedividing chlorine
between CIO and ClO - O, decreasesthe efficiency of ozonedestruction. Inthe case
where the equilibrium constant lower limit is used, along with the suggested rates
for reactions(7) and (8), ozonelossincreasesby 17% aslittlechlorineis sequestered
in ClO- O,, so reaction (2) is still rapid, but the rate limiting reactions (7) and (8)
in the additional catalytic cycles are also rapid enough to add significantly to total
ozone destruction rates.

We find that if we decrease the stability of CIO- O, even more, and increase
the rates of ClO dimer formation from ClO- O,, we do not see an increase in
ozone loss, as the amount of CIO- O, becomes so small that it cannot contribute
significantly. Thus the ozone loss increases here should be thought of as the upper
limit of the possible effects of CIO - O, chemistry. If reaction rates (7) and (8) were
slower, atighter chlorine budget was established, based on either some chlorine
being sequestered in other species or on reduced uncertaintiesin inferred chlorine
from ClO measurements, or the newer Cl,O, photolysis cross sections were used,
the influence of CIO- O, on ozone loss would be less.

5. Summary

The importance of proposed ClO - O, chemistry has been examined. It has been
shown that both the stability of ClO - O, and the degreeto which ClIO - O, enhances
formation of the CIO dimer are important for understanding potential impacts



POTENTIAL INFLUENCE CIO- O, ON STRATOSPHERIC OZONE DEPLETION CHEMISTRY 333

chamistry

-1 1
]

I:_'mwr ewat
Sumestod AT L §

]
=
N i
kH [ Ty 4
Supgested AT & 8 {
]
1

K, uppar limit
12 10°A7 4 8

e

E“w-tl Wl
11 RTER

"
[ FR L= 4 (30 Bt

malee e gt

Figure 4. Ozone loss rates due to chlorine catalytic chemistry at 197 °K with Cl,, fixed at
3.2 ppbv. The five sets of bars in each panel show loss rates for the indicated scenarios asin
Figure 3.

on ozone destruction. The stability of CIO- O, is determined by its equilibrium
constant. Use of the laboratory upper limit for this constant resultsin afairly stable
ClO - O, complex, sequestering asignificant amount of chlorinein CIO - O,. When
the suggested reaction rates for dimer formation from ClO- O, are used, there
is a dramatic increase in the [Cl,O,]/[CIO] ratio as well, so that active chlorine
partitioning becomesincompatiblewith measurements of ClO and thetotal chlorine
budget of the polar lower stratosphere. We can conclude that either the stability of
the ClIO- O, complex must be less than the laboratory limit, or that the reaction
rates for dimer formation from CIO- O, must be slower than those suggested.
These constraints greatly restrict the potential role of ClO - O, in 0zone depletion.
However, our results indicate that even a very small amount of ClO- O, 0.1to
0.2 ppbv, can effectively contribute to ozone loss if CIO- O, rapidly forms the
ClO dimer. Laboratory measurements of the CIO- O, to Cl,O5 reaction rates, or
improved limits on the CIO - O, equilibrium constant, are necessary to determine
if this scenario could actually take place. Using rapid reaction rates for CIO dimer
formation along with aweakly bound ClO - O, complex, ozone |0ss rate increases
of up to 20-70% were calculated while maintaining a plausible partitioning of
chlorine, though at the upper limit of the total chlorine budget. Given the large
uncertainties in the reaction rate constants of CIO- Oy, it is not possible to say
definitively if ClO - O, effects ozoneloss, but the potential cannot yet be ruled out.
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