
LPSC XXIII 1423 

MASS INDEPENDENT ISOTOPE EFFECTS: RECENT ADVANCES AND 
APPLICATION TO THE PRE-SOLAR NEBULA AND STRATOSPHERE. M.H. 
Thiemens, Dept of Chemistry, Univ of California , San Diego, La Jolla, CA 92093. 

It was demonstrated by this laboratory that the same oxygen isotopic pattern 
(6170=6180) observed in Ca-A1 Allende inclusions could be produced by chemical 
processes (1). The observation is of importance since the assumption that any mass 
independent isotopic fractionation must derive from a nuclear process becomes invalid. 
Given that the oxygen isotopic fractionations are both large and occur in the major element 
(for non iron meteorites) the process which produced the observed meteoritic anomalies 
must have been a major event in the presolar nebula. 

In order to evaluate the potential role of chemical processes in the production of 
meteoritic oxygen isotopic anomalies an obstacle which must be overcome is the resolution 
of the physical-chemical mechanism responsible for production of the 6170=6180 
fractionation. The conditions required for production of the anomalous fractionation must 
be resolved to determine if the pre-solar nebula could plausibly foster such conditions. A 
second aspect concerning the chemical process is that it is often regarded as an interesting 
laboratory effect, but not likely to occur in nature. This abstract addresses both issues. 
First, a brief synopsis of the current experimental and theoretical state of knowledge of the 
physical-chemistry of the mass independent isotopic fractionation is presented. Second, it 
is shown where the mass independent isotopic fractionation is observed in nature and that 
its production is a rather general process. 

The working hypothesis for the chemical production mechanism of the 8170= 6180 
fractionation is that it derives from a property of symmetry (2). It was suggested that 
since asymmetric 160160170 and f60160180 have a full component of rotational 
populations with respect to symmetric 160160160 (half population), they should have a 
longer lifetime in the excited @* state which is formed immediately after 0+& 
recombination, resulting in a slightly increased probability of stabilization. This then 
produces an isotopic fractionation dependent upon symmetry, rather than mass. It is now 
generally agreed that symmetry is the dominant feature which establishes the 6170 6180 
fractionation, though probably not via differential lifetimes. Well developed experimental 
and theoretical kinetic unimolecular studies have been done on ozone recombination and its 
inter and intra molecular energy rearrangements as a function of pressure (3,4). For 
O+ Oa+M -, 0 3  it is known that the reaction deviates from third to second order at total 
pressures of - 1.2 x 1020 molecules ~ r n - ~ .  The observed kinetic fall off derives from the 
increased participation of different mechanisms which entad reaction intermediates other 
than 03* (5). If the specific role of symmetry for the isotope effect involved differential 
lifetimes of 03*, the observed fractionation should coherently change with the observed 
kinetic-rate fall off with increasing pressure (6). However, in experiments done in this 
lab, it was shown that at pressures of - 1019 molecules ~ m - ~  the l80, 170 enrichment 
decreases (7). This pressure is significantly lower than the kinetic-rate fall off (- 1.2 x 
loi9 molecules ~ m - ~ ) .  The role of symmetry, however, appears certain. Direct tunable 
diode laser absorption experiments unambiguously demonstrate that the asymmetric 
180160160 species possesses 80% of the 1 8 0  enrichment (8), as expected. The 
fractionation process depends upon minor isotope abundance, also as expected for a 
symmetry dependent process (9-10). Non-ozone reactions have also demonstrated a mass 
independent isotopic fractionation. The reaction of O+CO, which is also subject to 
symmetry restrictions, has experimentally been demonstrated to produce a large (77%0) 
mass independent isotopic fractionation (1 1). Mass independent fractionations in a non 
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oxygen element, sulfur, has been observed in a molecule subject to symmetry 
considerations (12). 

Thus at present it is reasonably well established that simple gas phase reactions in 
which the terminal atoms are oxygen (or sulfur) produce mass independent isotopic 
fractionations. It must be stressed that this does NOT require photochemical reactions, 
discharge or excitations. It derives strictly from the combination process. The reactions 
of O+SiO, O+A10, or in general, ANY length molecule with terminal 0 atoms, will 
produce a mass independent fractionation. It is also now known that a simple thermal 
dissociation reaction produces a large 6 1 7 0 ~  6180 fractionation (13). These results 
demonstrate another variety of reaction which produces a mass independent fractionation, 
in this instance a simple, collisionally driven, ground state reaction. 

It is now known that chemically produced mass independent isotopic fractionations 
occur in nature. We have recently reported a large mass independent isotopic fractionation 
in stratospheric C@ (14). Stratospheric C@ is shown to be removed from the 
"terrestrial" fractionation line by as much as 7 %o. If tropospheric C@ is included, the 
data define nearly a 6170 6180 fractionation. Thus, one of the earth's most important 
molecules possesses a mass independent fractionation, with a pattern nearly identical to 
Allende inclusions. The observed fractionation occurs due to simple isotope exchange 
with O(1D): VIZ no chemical reaction is even required! Aside from unambiguously 
demonstrating that chemically produced mass independent fractionations do occur in nature, 
yet another process has been demonstrated which could plausibly occur in the pre solar 
nebula and produce a mass independent fractionation. For example, O+CO exchange 
should produce a mass independent fractionation in CO as does stratospheric C@+0 in 
C02. CO is a major oxygen precursor to meteoritic material and such exchange processes 
plausibly occur in the presolar nebula. The exchange process, along with simple 
recombination and dissociation reactions are three classes of reactions which must be 
considered. It is now also observed that stratospheric 03, is isotopically removed from 
the "terrestrial" fractionation line by - 35 % (15). This anomaly derives from the 0 + @ 
reaction, as observed in our laboratory experiments (16). 

In summary, the mechanism responsible for production of the 6170 6180 
fractionation is clearly derived from symmetry factors. It is a general feature and there 
exist several mechanisms by which this may be produced; addition reaction, thermal 
dissociation and isotope exchange. The 6170 = 6180 fractionation is observed in two of 
the earth's atmospheres most important molecules; C@ and 0 3 .  Thus, it is certain that 
chemical mass independent fractionations are ongoing in nature and are likely to have 
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