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Introduction: Ultraviolet self-shielding in small 

gas-phase molecules is an important mechanism for 

generating isotopic mass-independent fractionation 

(MIF) signatures. For oxygen isotopes, CO is the ar-

chetypal self-shielding molecule, with numerous astro-

chemical examples known [1], [2], [3], [4], [5], [6]. 

Here, I extend earlier work [7] in which I derived 

analytical expressions for O and S isotope fractionation 

due to self-shielding for the case of idealized spectra. 

‘Idealized’ means that 1) perturbations to the isotopic 

cross sections due to interactions among excited elec-

tronic states can be neglected, and 2) line wing overlap 

can be neglected (line wing overlap effects have been 

treated elsewhere [8]). The present work applies the 

same method to symmetric molecules and to molecules 

with band progressions. These two types of molecules 

are particularly important for understanding the origin 

of S-MIF signatures in Archean sedimentary rocks [9]. 

Formulation: Isotopic photodissociation rate coef-

ficients may be computed as 
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where i is the absorption cross section for isotope i, i 

is the dissociation probability (assumed constant here), 

I0 is the incident photon intensity (also assumed con-

stant),  is the summed optical depth for all isotopo-

logues, and  is wavelength. Simplified but representa-

tive cross sections are assumed (Figs. 1a, 3a), allowing 

an analytical evaluation of equation (1). Natural O and 

S isotope abundances are assumed. The results pre-

sented are most relevant to O2, S2, SO2, and CS2 but are 

applicable to other similar molecules.  

Results and Implications: Symmetric molecules 

such as O2, S2, and CS2 are symmetric for their abun-

dant isotopologue, but change symmetry upon substitu-

tion of a single O or S minor isotope. (Note that mole-

cules such as H2S and SO2 do not change symmetry 

upon S isotope substitution). This change in symmetry 

alters the number of rotational transitions available, 

with roughly a factor of two fewer rotational lines pre-

sent in the symmetric isotopologue. Figure 1a illus-

trates simplified line-type spectra for a spectral band of 

a symmetric O-containing molecule, such as 16O16O 

(labeled 16) together with the denser bands for two 

asymmetric isotopologues, 16O17O and 16O18O. The 

results are shown in Figs. 1b show the excellent agree-

ment between the analytical expressions derived (not 

shown here) and the full integration, and also show that 

the symmetric case yields results similar, but not iden-

tical to, the asymmetric case [7].        

Most molecules exhibit a progression of bands in 

their UV absorption spectrum. In most cases the iso-

topic shifts associated with each band follow the trend 

of a harmonic oscillator, and therefore exhibit mass-

dependent relationship. Figure 2 demonstrates this for 

SO2 bands in the 190-220 nm region. Box-type spectra 

with 5 bands are shown in Fig. 3a. The isotopic shifts 

follow the harmonic trend of Fig. 2. Evaluating the rate 

coefficients yields MDF behavior at low optical depths 

(Fig. 3b). There are two main implications: 1) Symmet-

ric molecules yield qualitatively similar self-shielding 

fractionation to that of asymmetric molecules. 2) A 

harmonic band progression follows a MDF trend, a 

result important to understanding laboratory experi-

ments. Archean S-MIF cannot derive from MDF self-

shielding but may have a contribution from line-type 

self-shielding. 
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Fig. 1a Isotopic cross sections for a non-overlapping 

line-type spectral band representative of a predissociat-

ing symmetric diatomic molecule such as O2. Vertical 

offset for clarity. 

 

 

 
 

Fig. 1b Delta-values of photodissociation rate coeffi-

cients for the cross sections shown in Fig. 1a. With 

increasing optical depth, the -vales progress up a 

slope-1 line (dashed). 18J values reduce as the 18O 

isotopologue becomes optically thick. Open black 

squares are results from exact integration of (1). These 

results are also applicable to S2. Open red squares 

show results for a purely asymmetric molecule [7]. 

 

 

 
Fig. 2 Ratios of isotopic band shifts for SO2 from esti-

mates in [10] for a bending mode progression in the 

190-220 nm wavelength region. The band shift ratios 

are very nearly mass-dependent (dotted lines at .515 

and 1.90). SO2 vibrational bands have been recently 

reassigned, but that will not affect this MDF behavior. 

 

 

 
Fig. 3a Shifted box-type cross sections representative 

of a vibrational progression of bands. The molecule is 

assumed to be follow a harmonic trend, and the bands 

are assigned MDF shifts. These cross sections approx-

imate the underlying pseudo-continuum absorption in 

SO2 near 200 nm, but not the line-type features in SO2. 

 

 

 
Fig. 3b Ratios of isotopic rate coefficients for the cross 

sections in Fig. 3a. For optical depth 32 < 10 the frac-

tionation is largely mass-dependent (i.e., close to the 

dotted lines, slopes .515 and 1.90). The MDF results 

from the isotopic shifts in Fig. 3a, which are multiples 

of the zero-point energy of each isotopologue [8]. For 

32 > 10 the 32, 33 and 34 isotopologues are largely 

shielded, but a portion of the 36 cross section is not, 

resulting in a sustained 36 enrichment. 
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