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Introduction: Since Clayton et al. [1] found
oxygen isotope anomaly in meteorites, there
have been a number of studies. It is well es-
tablished that oxygen isotopic ratios of typical
CAIs are ∆17O ∼ −20h, those of chondrites
are from −5h to 3h, and those of achondrites
are ∆17O ∼ 0h (∆17O ≡ δ17O − 0.52 δ18O,
δiO ≡ [(iO/16O)/(iO/16O)SMOW − 1] × 1000).
Important questions about oxygen isotopes in the
solar system materials are what is a mean value
of the solar system and how the isotope anomaly
is made. There are two different interpretations
for the origin of oxygen isotopic anomalies.
One group advocates that the oxygen isotopic
compositions of CAIs being the same as that of
the average Solar system and CO self-shielding
produced the isotope anomaly [2, 3]. The other
group advocates that the isotopic compositions
of the Earth being the same as that of the Solar
system and Oxygen isotopic anomalies of miner-
als such as found in CAIs and chondrules must
be made by chemical/physical processes [4, 5].

We focus on photo-dissociation process.
Photo-dissociation process is a rapid process.
Photo-dissociation can make isotope anomalies
before homogenize. Isotope anomalies is pro-
duced by isotopic selective photo-dissociation
of CO molecule [6]. CO self-shielding model,
however, assume photo-dissociation spectra of
minor isotopologues shift from that of major
isotopologue in wavelength [3]. Isotopic selec-
tive photo-dissociation spectra have not been
attracted attention. Here, we report photo-
dissociation spectra of CO molecules by using
quantum chemical calculations.

Method: First principles reaction dynamics
simulations were performed to compute the pho-
tolysis rate for the D1∆ ← X1Σ+ electronic
transition. The Born-Oppenheimer approxima-
tion was employed in this paper; in the first step
the time independent Schrödinger equation was
solved only for the electron-motion, and then
we performed the wavepacket dynamics for the
nuclei-motion in the potential energy curves de-
termined by the first step calculation. Quantum
chemical program package, MOLPRO 2010.1 [7],
was used for calculation of the potential surface

of CO, and the quantum dynamics was carried
out by our own program package. The photo-
dissociation cross section can be calculated by
quantum molecular dynamics. Therefore, follow-
ing the time dependent approach, the autocorre-
lation function was numerically computed by the
second step calculation. Finally, the theoretical
spectrum as a function of wavenumber of the ex-
citation light was estimated by the Fourier trans-
form of the autocorrelation function, A(t). In SI
unit, the dissociation cross section is given by

σ(ν) =
πν

3cε0h̄

∫ ∞

−∞
dt exp [i(Ei + hν)t/h̄]A(t),

where EI is the energy of the initial ground state,
hν is the energy of the excitation light [8].

Results and Discussion: We show calculated
potential surface of D1∆ state and X1Σ+ state in
Figure 1. The bond length of CO ground state
is 1.125 Å. This agrees with NIST data 1.128 Å
(from Constants of diatomic molecules, NIST).
The molecular length and potential energy of
minimum on D1∆ state are 1.4 Å and 64933
cm−1, respectively, those also agree with NIST
data are 1.399 Å and 65928 cm−1.

We show calculated cross sections from X1Σ+

to D1∆ in Figure 2. In this figure, we assume that
CO molecules are in the vibrational ground state.
The peak wavelength of cross sections of C17O
and C18O shift to the long wavelength from that
of C16O. However, amplitudes of each peak are
different. Cross section of C16O is maximum for
some transitions, cross section of C17O or C18O is
maximum for other transitions. For isotope selec-
tive photo-dissociation, considering only wave-
length shift is insufficient. Amplitude changes of
cross sections must also be considered.

Using cross section calculated above, we
calculate isotopic ratios of dissociated O atoms.
Production rates of oxygen atoms are get from
[iO]/dt = Ji [CiO], where brackets ’[]’ means
density of species, Ji is photo-dissociation rate.
We calculate photo-dissociation rate

Ji =
∫

σi(ν)I(ν) dν,

where suffix i is the insignia of isotopes (i =
16, 17, 18), I(ν) is the intensity of light, I(ν) is as-
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Figure 1: Potential surface of X1Σ+ and D1∆
states.

Figure 2: Calculated cross section of CO isotopo-
logues.

sumed intensity which we use the 6000 K black
body radiation here, The fractionation factors
(εi ≡ (Ji/J16 − 1) × 1000h) are ε17 = 6.8h and
ε18 = 15.1h.

Now, we are calculating cross sections with
other excited states including non-adiabatic tran-
sition.
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