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Ozone (O3) and its isotopologues have been a topic of interest in many fields of research, due to its importance in 

atmospheric chemistry and its anomalous isotopic enrichment—or the so-called “mass-independent 

fractionation” (MIF). Today, the origin of the ozone MIF, related to an equal and significant enrichment of O3 in 

both 18O and 17O, is still not well understood.  

 

Ozone in the upper atmosphere of Earth, and in relevant laboratory experiments, is formed by a seemingly simple 

recombination reaction: (O + O2 +M → O3 + M), M being an inert gas quencher (N2 or Ar). One of the mechanisms 

(referred to as Lindemann or energy transfer) behind this process involves the formation of the metastable O3
* 

and the subsequent stabilization of these intermediate species through energy transfer to the bath gas M. The 

latter process (O3
* + M) is in direct competition with the exchange reaction, (O + O2 → O3

* → O2 + O), during 

which the metastable ozone dissociates. Therefore, knowing more about this last reaction would add a stone to 

the understanding of the MIF of ozone. 

Experimental results (univ. Bordeaux): 

 

 
Figure 1: Detection of 18O atoms produced by a 

discharge and detection of molecular oxygen in 

molecular beam apparatus experiments with two 

sensitivities (2 colors on the spectrum). 

Theoretical calculations (univ. Bourgogne): 
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Figure 2: Cross-sections calculated for the isotopic 

exchange reaction (18O + 32O2 → 16O + 34O2) at energies 

accessible in experiments  

 

Experiments conducted with a crossed, molecular beam apparatus (CMB) with variable crossing angle allowed the 

integral cross sections (ICSs) to be determined as a function of the relative translational energy down to a few 

wavenumbers (i.e. a few tens J/mol) (Figure 2). Reactants and products were probed using REMPI time-of-flight 

spectrometry (Figure 1). A dielectric barrier discharge source inside the nozzle was used to generate a supersonic 

beam of oxygen atoms in Ne. Our results (Figure 1) show that the O atoms are mainly in their ground electronic 

state, 3P2. The REMPI spectrum of the second supersonic beam of neat molecular oxygen or O2 seeded in Ne 

shows that O2 is mainly in its rotational level N=1, j=0 (the blue spectrum of Figure 1 was performed at a lowest 

amplification compared to the black one). First experimental results probing O atoms were not possible as 



molecular O2 dissociated and thus had a too high contribution to the signal detected. However, if the 

spectroscopic data of the ground state of 16O2
, 18O2 and 16O18O were well known, we had to perform spectroscopic 

studies on the Rydberg states of the isotopologues. Several laser failures, followed by the COVID crisis have 

delayed the experiments on the dynamical study of the O-atom exchange reaction at low collisional energy. 
 

Quantum molecular scattering calculations have also been performed for the (18O + 32O2 (v=0,j=1) → 16O + 
34O2(v’=0,j’)) exchange reaction (involving excited ozone as intermediate complex), using a time-independent 

quantum mechanical method based on hyperspherical coordinates. The TKTHS potential energy surface (PES) [V. 

G. Tyuterev et al., J. Chem. Phys. 139, 134307 (2013)] of the ground electronic state of ozone has been employed 

in the dynamical calculations. State-to-state integral cross sections (ICSs) have been computed for this process for 

collision energies lower than 150 cm-1 (Figure 2). The main feature observed in the ICSs is a steep decrease in the 

magnitude of the cross section for the lowest final rotational states in the collision energy range of 10-150 cm-1, 

as expected for barrierless reactions. However, for j’=5 and higher j’ (not shown here), an energy threshold is 

observed in the ICSs due to the energy difference of reactant and product diatoms, respectively 32O2(v=0, j=1) and 
34O2(v’=0, j’>4). Furthermore, the resonance structures observed in the ICSs arising due to the ozone metastable 

intermediates (supported by the 1.13 eV deep well in the PES) are more prominent in the low collision energy 

range. Additionally, comprehensive lifetime spectra for the intermediate 50O3
* species have been computed from 

the use of the Smith time delay matrix, unveiling a strong density of genuine metastable ozone states through 

which stable ozone may eventually be formed. 

Future of the project : 

Experiments on the exchange reaction (O + O2) at low temperatures (down to a few K) are still underway and 

would provide a further check of the theoretical calculations.  
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