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Introduction:  Self shielding by CO in the early 

stages of evolution of the solar protoplanetary disk 
may be the explanation for the anomalous array of 
17O/16O and 18O/16O in primitive solar system materials 
(the slope-1 line on a plot of δ17O vs. δ18O) [1, 2].  
Thorough evaluation of the various hypotheses that 
CO photochemistry is the source of the ∆17O variabil-
ity in the solar system requires detailed astrochemical 
calculations involving oxygen isotopologues of all O-
bearing species and transport of chemical species be-
tween disk reservoirs.  Here I present reaction network 
and reservoir exchange calculations that constrain the 
conditions under which CO self shielding can produce 
∆17O variability like that observed in the inner solar 
system.    

Models:  The kinetic reaction network was con-
structed from the UMIST rate99 database by adding 
oxygen isotopologues (M17O and M18O) for each O-
bearing species M16O.  Reaction rates for the O isoto-
pologues were adjusted to allow for mass-dependent 
isotope fractionation.  Oxygen isotope exchange reac-
tions were added, as well as several grain surface-
mediated reactions.  The calculations include CO and 
H2 mutual and self shielding, and were performed for 
an ultraviolet flux field defined by a parameterized 
circumstellar disk model [3].  For the results shown 
here, 546 species and 7603 reactions comprising a 
closed set were considered.  The resulting stiff set of 
ODEs were solved using the Livermore Solver for 
Ordinary Differential Equations (LSODE).  The results 
of the reaction network calculations were used to 
evaluate the isotopic consequences of exchange of 
mass between four reservoirs in the disk and its envi-
rons: 1. molecular cloud;  2. disk surfaces;  3.  inner 
disk; and 4. the star. 

Results:  UV flux. Isotopic effects of CO self 
shielding are most pronounced where the optical depth 
for C16O is ~ 4.  Comparison of rates of CO photodis-
sociation with vertical illumination by a uniform uv 
flux of 200x local ISM with uv illumination along 
lines of site from the central star with a similar flux at 
100 AU (low end of estimates for a T-Tauri star field) 
shows only small differences at large radial distances 
R from the star.  Differences become substantial as uv 
flux rises sharply in the latter case with proximity to 
the star.  

Time scales of reaction.  At R > 10 AU the net re-
sult of CO photodissociation is wholesale conversion  
of CO gas to H2O water ice.  The formation of water 
ice occurs without mediation on grain surfaces.  The 
time scale for water ice formation from CO is on the 
order of 105 yrs (Fig. 2). At R ~ 10 AU a steady state 
is achieved at disk surfaces such that reactions that 
produce CO are balanced by the conversion of CO to 
H2O ice.  At R ≤ 5 AU reaction time scales are too 
rapid to preserve the isotopic effects of CO photodis-
sociation and self shielding due to the high uv flux.  
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Fig. 1.  CO photodissociation rate for uv flux 
along stellar site line. 
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Fig. 2.  Conversion of CO to H2O ice in surface 
layer of disk at R = 20 AU.  Time scale for net 
reaction is 105 yrs. 
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This result shows that CO self shielding in regions of 
high uv flux (R ≤ 5 AU)  can not be the explanation 
for ∆17O variations in the solar system; the isotopic 
effect is an outer disk phenomenon. 

Isotopic variations with R.  At R > 5 AU H2O ice 
produced by CO photodissociation forms along a 
slope-1 line in δ17O vs. δ18O space (Fig. 3).  This is 
true even in the presence of large mass-dependent frac-
tionations.  At R < 5 AU mass-dependent fractiona-
tions dominate over the isotopic effects of CO self 
shielding in species other than CO because of the rapid 

destruction of CO (Fig. 4).   
Exchange of O among reservoirs.   The process of 

transporting the isotopic signal incurred at disk sur-
faces to the inner solar system can be modeled by pa-
rameterizing the conversion of CO to H2O as a first-
order reaction with a time constant of 10−5 yr−1.  Pub-
lished estimates for radial mixing in disks suggest a 
time constant of 10−6 yr−1 for transport to the inner 
disk.  With accretion rates of 10−8 solar masses yr−1 
and replenishment of CO by vertical mixing the cou-
pled rate equations show that changing the inner solar 
system water and rock ∆17O by ~ 25 ‰, as required by 
meteorite data, requires draining the inner disk of 
much of its original O-bearing material while adding 
water continuously from the outer disk.  Severe deple-
tion of the inner part of the TW Hya disk, as proposed 
recently [4], may be an analogous situation.  An exam-
ple of a model of such a process is shown in Fig. 5. 
The time scale for raising ∆17O is on the order of 106 
yrs in this calculation.   

Conclusions: Self shielding by CO causes a large 
shift to high ∆17O preserved mainly in H2O ice at the 
surfaces of the disk at large R.  Ultraviolet fluxes are 
too high at R < 5 AU from the star to permit propaga-
tion of isotope effects to other species.  Disk surfaces 
could only have influenced the bulk isotopic composi-
tion of the inner disk (i.e., inner solar system) if the 
latter experienced substantial dimunition of mass dur-
ing accretion prior to dissipation of the outer part of 
the disk.  The likelihood of such a process is debatable.  
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Fig. 3.  Isotopic evolution of H2O water ice in CO self 
shielding region of disk at R = 20 AU. Arrows show 
time evolution.  Dots show ∆t = 70 yrs and then 7000 
yrs.  The δ values are with respect to the initial bulk 
material. 
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Fig. 4.  Isotopic evolution of O-bearing species at 
1AU in the CO self-shielding layer of the disk. 
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Fig. 5.  Isotopic evolution of the inner solar system 
(bold curve) based on a disk composed of four reser-
voirs.  Relevant first-order rate constants are listed.  
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