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Non-mass dependent isotope fractionation in Ozone
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In clear contradiction with the usual isotopic fractionation (1) a non mass dependent fractionation of oxygen
isotopes was reported (2) in the refractory minerals of the carbonaceous chondrites. Although this effect seems
ubiquitous in the first solids at the origin of solar system oxides, its origin is still in debate. Another non-mass
dependent isotopic effect was then reported for the oxygen isotopic composition of ozone produced in the labo-
ratory (3) as well as in the stratosphere (4-5). Numerous interpretations of this effect have been proposed but no
consensus has been reached up to now (6-7).

The generally accepted theory is based on a modification of the standard RRKM model of unimolecular dis-
sociation (8) where a parameter 7 is adjusted for taking into account mass-independent effects without further
assumptions. If this parameter is propagated to all mass dependent isotopic fractionation factors between the dif-
ferent isotopomers of ozone, most observations are then reproduced numerically. The aim of the present work is to
propose a possible origin for 7.

We will show that the quantum mechanical principle according to which identical isotopes can be treated as in-
distinguishable particles, may be at the origin of the isotope effect. The scattering of O + Oz — O3 — O + O,
is modeled in a thermal gas with an activated complex O} that is eventually stabilized in the form of ozone, de-
pending on its lifetime. In order to illustrate the consequences of this principle, all calculations were performed in
classical mechanics for 60 i.e. by neglecting the differences in the masses of the different isotopes.

For a given lifetime range, the averaged lifetimes for complexes formed by reactions involving distinguishable
(such as 60 + ™O"™0) or indistinguishable (such as 0 + 60'60) isotopes cannot be strictly equal. We then
ascribe the non mass dependent isotopic fractionation factor n to the ratio of these lifetimes. The experimental data
obtained for ozone are reproduced astonishingly well with this hypothesis.

Since this effect is not restricted to ozone or to oxygen isotopes, it could have played a role in several isotopic
anomalies found in meteorites.
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