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Introduction:  During the past several years CO 

self-shielding has been investigated as the source of 
the 16O-poor endmember of the CAI mixing line [1-4]. 
A key assumption in most of the models is that the 
δ17O/δ18O ratio (i.e., ‘slope’) associated with CO 
photodissociation under self-shielding conditions 
(when C16O is optically thick) is unity or very close to 
unity. Laboratory CO photodissociation experiments 
by Chakraborty et al. [5] found slopes ranging from ~ 
1.8 at 107 nm to ~ 0.6 at 94 nm. Such a strong depend-
ence of slope on wavelength appears to be inconsistent 
with the CO self-shielding hypothesis. 

Here I present simulations of these CO experi-
ments, and also of the solar nebula, using complete 
line-by-line spectra for the oxygen isotopologues of 
CO. The questions I address are 1) what is the origin 
of the wavelength dependence in δ17O/δ18O ratio of 
photoproduct O (as CO2)?; 2) can a line-by-line spec-
trum capture the wavelength dependence or is a more 
complete spectral model necessary?; 3) what are the 
implications for the self-shielding theory for the solar 
nebula?  

Chemistry:   In the CO experiments [5] pure CO 
was photolyzed in a photocell with a synchotron beam 
centered at one of 5 wavelengths: 92.6, 94.1, 97.0, 
105.2 and 107.6 nm. Product O recombined with un-
disscoiated CO to produce CO2, which was collected 
in a cold trap and analyzed for O isotope ratios. Gas-
phase formation of CO2 is very slow (~103 seconds) 
compared to O atom exchange with CO (~0.1 – 1 sec-
ond), so CO2 formation must occur in wall reactions or 
in the trap at the far endwall of the photocell. The 
chemistry in the cell is thus: 
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Carbon atoms are assumed lost to the walls. One addi-
tional important parameter is the CO residence time in 
the photocell, tCO. The experiments in [5] employed a 
flow of CO through the cell. In [6] Chakraborty et al. 
reported that they had used tCO ~ 104 seconds. How-
ever, different values (<< 104 seconds) for tCO were 
used for different experiments, as shown very briefly 
in a slide by Chakraborty et al. at the 2010 LPSC. For 

the modeling of the experiments, it is essential to have 
the actual tCO values used in the experiments.  

Simulations with full spectra:  I computed line-
by-line spectra for 37 bands of 12C16O, 12C17O and 
12C18O at 300 K from published collections on CO 
molecular constant data [7,8]. Bands 31-33 have a 
resolution of 1x10-5 nm, and all other bands have a 
resolution of 3x10-5 nm. Figure 1 shows the computed 
spectra for 12C16O, with the synchrotron bandpasses 
superimposed. It should be noted that the molecular 
constant data, including band strengths (f-values), rota-
tional coefficients (B & D), bandhead shifts, and life-
times are fairly well known for 12C16O (except at 
wavelengths < 94 nm), are sparsely known for 12C18O, 
and are mostly unmeasured for 12C17O.  

Results:  Simulations of photolysis experiments 
yield slopes for O of 0.7 to 0.8 at 92.6, 94.1 and 97.0 
nm (Fig. 2). Measured values [5] were between 0.6 
and 1.0, and the calculations agree with slopes are < 1 
at 92 and 94 nm. Computed slopes at 107 nm are > 1, 
as is also found in previous simulations [9].  

Solar nebula modeling was performed with the 
computed spectra added to the disk model of [3]. Cal-
culations were done at 30 AU and 50 K, and also at 10 
K and 1500 K to explore the temperature dependence 
of the slope. A slope of ~0.9 is found for 50 K (and 
1500 K), and ~ 1.2 for 10 K (Fig. 4). Thus, a tempera-
ture dependence is predicted for the slope, which may 
be useful in eliminating some versions (i.e., location) 
of the self-shielding theory. The large range of slopes 
seen by Chakraborty et al. is not evident in disk mod-
els, nor in cloud models [8]. Evaluation of the 1500 K 
case at the X-point is underway.  

References: [1] Clayton, R. N. (2002) Nature 415, 
860-861. [2] Yurimoto & Kurimoto (2004) Science 
[3] Lyons J. R. and E. D. Young (2005) Nature 435, 
317-320. [4] Lee et al. (2008) MAPS.  [5] Chakraborty 
et al. (2008) Science 321, 1328-1331.  [6] Chakraborty 
et al. (2009) Science, 324, 1516d.  [7] Eidelsberg et al. 
(1991) Astron Astrophys S.S. 90, 231-282,  [8] Visser 
et al (2009) A&A 503, 323-343. [9] Lyons, J. R. 
(2009) 40th LPSC, abstract 2377. 

 

2780.pdf42nd Lunar and Planetary Science Conference (2011)



 
 
Fig. 1 Computed spectra for 91 to 104 nm for CO iso-
topologues at 300 K (bands from 104 to 108 nm also 
computed but not shown). Synchrotron beam band-
passes at 92.6 94.1 and 97.0 nm are shown in gray. 
 

 

 
 
Fig. 2 Computed δ-values for O atoms for the 
synchtron beam located at 92.6 nm, 94.1 nm and 97.0 
nm. In all 3 cases the model slope is ~ 0.8, which com-
pares moderately well with data from Chakraborty et 
al. which have slope ~ 0.6 at 92.6 and 94.1 nm, and 
slope ~ 1 at 97.0 nm. 
 
 
 

 

 
 
 Fig. 3 Delta-values of CO at midplane of the same 
disk model as used in [3] but now using full isotopic 
spectra at 50 K, 10 K and 1500 K. Only the 50 K case 
corresponds the 30 AU radial distance; 10 K and 1500 
K illustrate temperature dependence. 
 

 
 
Fig. 4  Slope values for O (which will be trapped as 
H2O) at midplane for same cases as Fig. 4. Slopes of ~ 
0.9 are found for 50 K and 1500 K, and a slope ~ 1.0 
to 1.2 is found for 10 K. A similar range of slopes is 
evident in cloud models presented in Visser et al. [8]. 
Wavelength-dependent H2 absorption has not been 
included in this figure. 
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