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Introduction: Understanding carbon inheritance
in the early solar nebula is important toward building
a comprehensive picture of planet formation and
prebiotic chemistry, and constraining models of the
astrophysical environment in the early solar system.
As a precursor to prebiotic molecules and complex
organics, carbon monoxide (CO) is an important
tracer of carbon chemistry in protoplanetary systems,
and can further inform an understanding of the dis-
crepancy between 12C/13C of the solar system (∼87
[1]) and the interstellar medium (∼62 to 69 [2,3]).
Recent high-resolution astronomical observations
toward low-mass young stellar objects (YSOs) have
revealed an unexpected heterogeneity in the gas-phase
[12C16O]/[13C16O] (heretofore [12CO]/[13CO]) abun-
dance ratios, with possible influence from the CO ice
reservoir on the gas-phase ratios [4] (Figure 1). One
explanation for the high gas-phase [12CO]/[13CO]
observed toward some YSOs could be preferential
photodesorption of 12CO compared to 13CO from
the ice to the gas phase in these same objects, which
in turn could be explained by differences in the
zero-point energies (ZPEs) between 12CO (1081.6
cm−1) and 13CO (1057.7 cm−1) [5]. This hypothesis
is further supported by findings of photochemical
13CO enrichment in 12CO2-13CO2 ice mixtures [6].
Photodesorption is an important astrophysical process
in clouds containing dense clumps of icy material
in a high UV flux [7,8] environment, and has been
shown to be an important driver in the chemistry of
protoplanetary ices [6-8]. Here we present our early
experimental findings suggesting preferential pho-
todesorption of 12CO from CO ice mixtures, which
could help drive higher than expected gas-phase ratios
in certain YSOs.

Methods: Photodesorption experiments on 12CO-
13CO ice mixtures in interstellar ice analogues were
performed in the Ice Spectroscopy Laboratory at the
Jet Propulsion Laboratory. The experimental setup
(collectively called the Himalaya) consists of a high-
vacuum cryogenic system capable of reaching near-
astrophysical conditions (10 to 35 K and 10−7 to 10−9

mbar). An initial 4:1 ratio of [12CO]/[13CO] was pro-
duced by mixing ultra-high purity gas-phase 12CO and
13CO, and subjecting them to a two-step decontam-
ination process to freeze out contaminant molecules
through use of LN2 traps. Ice samples were produced
by depositing the mixed CO gas at 20 K for 30 minutes
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Figure 1: CO ice fraction compared to gas-phase
[12C16O]/[13C16O] for low- and high-mass YSOs observed
with VLT-CRIRES and Keck-NIRSPEC, respectively ([4],
Smith et al., new data).

at a total pressure of ∼5×10−8 mbar. Temperature of
the ice was changed at a rate of 0.5 K/min to selected
temperatures (10 K, 15 K, 20 K, and 25 K) below the
measured sublimation points of 12CO (28.9 K) and
13CO (29.0 K) [9]. Residual gas in the chamber was
measured in pressure versus time (PVT) at one-second
intervals with a quadrupole mass spectrometer (QMS)
equipped with a high-sensitivity electron multiplier to
increase precision down to 10−14 mbar. A Nicolet
6700 Fourier transform infrared (FTIR) spectrometer
was used to measure single-beam transmission spec-
tra of ice at ten-minute intervals (Figure 2). All mea-
surements were taken through a 45-minute equilibra-
tion to the end of the irradiation of the ice, and a re-
turn to background pressure levels. The ice was irradi-
ated using a Hydrogen-discharge lamp with predom-
inantly the Lyman-α line, and a broadband at ∼ 160
nm from emission of H2, to simulate protostellar emis-
sion. Each irradiation trial lasted from 5 to 12 hours.
PVT background data were subtracted from the irradi-
ation trials for both isotopologues, and the initial 12CO
levels were normalized to 13CO. Fast Fourier trans-
form (FFT) smoothing was applied to decrease noise
in the PVT and improve data processing. Partial pres-
sure was used as a measure of fractionation. Final
[12CO]/[13CO] ratios were derived by dividing the par-
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Figure 2: FTIR spectrum containing the initial 4:1 ratio of
12CO:13CO ices.
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Figure 3: FFT-smoothed PVT scan of the 12CO-enriched ice
at 15 K. The plot shows 12CO preferentially desorbed com-
pared to 13CO. The pressure ratio of ∼1.51 is noted, with
observable fractionation within 1 sec. of irradiation onset.

tial pressures of 12CO by 13CO during irradiation and
averaging the values taken throughout the trial.

Results and Discussion: Preliminary results show
preferential photodesorption of 12CO compared to
13CO immediately following the onset of irradiation,
a trend that continued through each trial. Pressure ra-
tios of 12CO/13CO were found to be ∼1.45 (10 K),
1.51 (15 K), ∼1.24 (20 K), and ∼1.39 (25 K). Figures
3 and 4 are shown as examples of the partial pressure
differences between 12CO and 13CO of the CO gas re-
leased from the ice during photodesorption trials at 15
K and 20 K, respectively. These results support the hy-
pothesis that ZPE differences between 12CO and 13CO
could result in preferential photodesorption of 12CO
from CO ices in astrophysical settings.

Conclusions and Future Work: We find prefer-
ential photodesorption of 12CO in 4:1 12CO:13CO ice
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Figure 4: FFT-smoothed PVT scan of the 12CO-enriched ice
at 20 K. The plot shows 12CO preferentially desorbed com-
pared to 13CO. The pressure ratio of ∼1.24 is noted, with
observable fractionation within 1 sec. of irradiation onset.

mixtures, supporting the hypothesis that ZPE differ-
ences between the isotopologues could lead to high
[12CO]/[13CO] in the gas phase. This finding could
help explain the unusual [12CO]/[13CO] heterogene-
ity observed toward a range of YSOs in the Galaxy.
This ongoing study will include quantification of col-
umn densities from partial pressures and precise er-
ror estimates from the measurements. Further, experi-
ments will be repeated with a [12CO]/[13CO] ice ratio
at 1:4 (inverted compared to the present ratio) to val-
idate these results. Astrophysically-relevant mixtures
of 12CO-13CO ices with CO2 and H2O will also be
explored to further investigate CO fractionation in as-
trophysical regimes. These results are being applied
to computer models as part of this project of exploring
carbon evolution in protoplanetary systems.
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