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Introduction:  Understanding carbon chemistry in 
forming planetary systems is key toward establishing  
comprehensive evolutionary pathways for carbon in 
the formation of planets and prebiotic molecules. Car-
bon monoxide (CO) is a valuable tracer of this chemis-
try, from molecular clouds and envelopes, to pro-
toplanetary disks. Observations of young stellar objects 
(YSOs) tracing a range of these protoplanetary reser-
voirs reveal an unexpected heterogeneity in the 
[12C16O]/[13C16O]Gas (heretofore, [12CO]/[13CO]) abun-
dance ratio in forming systems close to the Sun (Galac-
tocentric radius of ~ 8 kpc), with [12CO]/[13CO] rang-
ing from ~85 to 165 [1]. Comparison of the CO ice 
fraction ([12CO]Ice/[12CO]Ice + [12CO]Gas) against the 
gas-phase [12CO]/[13CO] suggests that CO ice-gas frac-
tionation may play a role in the observed heterogeneity 
in YSOs ([1], Figure 1), and therefore could be an im-
portant driver in protoplanetary carbon chemistry. 

It has been proposed that differences in the zero-
point energies (ZPEs) between CO isotopologues 
could lead to significant preferential fractionation of 
the lighter isotopologues [2,3]. Toward exploring po-
tential ZPE affects on the photodesporption of 12CO 
and 13CO as a possible explaination for the 
[12CO]/[13CO] heterogeneity observed toward YSOs, 
we performed ice-analog experiments in the Ice Spec-
troscopy Laboratory at the Jet Propulsion Laboratory, 
under near-astrophysical conditions. We are currently 
investigating thermal desorption and photodesorption, 
phenomena thought to be important in the chemistry of 
protoplanetary ices [3,4,5]. 

Methods: Experiments were conducted under near- 
astrophysical temperatures (~10 to 35 K) and pressures 
(~10!7 to 10!9 mbar). The experimental setup is shown 
in Figure 2. CO ice was formed by first cooling the 
system to 20 K and depositing a natural abundance 
([12CO]:[13CO], 99:1) of CO gas at pressures ranging 
from 5"10!8 to 2"10!7 mbar, deposited for between 15 
minutes and 72 hours, depending on the abundance of 
ice to be tested in each experiment. The gas in the sys-
tem was monitored using a Residual Gas Analyzer 
(quadruple mass spectrometer) to determine composi-
tion of the remaining gas in the vacuum, and a Fourier 
Transform Infrared Spectrometer (FTIR) was used to 
examine the composition and abundance of the com-
ponents in the ice sample.  

A sample spectrum of CO ice at 28 K is shown in 
Figure 3.  A CO sublimation curve was derived as a 
benchmark for the thermal desorption and photodes- 

 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 

 
Figure 1: CO ice fraction compared to                         
gas-phase [12C16O]/[13C16O] for low-mass YSOs [1], 
including new data on massive YSOs observed with 
Keck telescope (labeled) [6, Smith et al., new data]. 

 

 
Figure 2: The experimental setup including the spec-
trometers, cryochamber, and Lyman-! hydrogen 
emission lamp. 
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Figure 3: Sample FTIR spectrum taken at 28 K, show-
ing the four major CO isotopologues, 12C16O, 13C16O, 
12C18O, and 12C17O. 
 
orption experiments. CO ice temperature was increased 
to 25 K, then to 27 K in 0.5 K intervals at a rate of 0.1 
K/min, with spectra taken at each interval to measure 
changes in ice concentration. The ice temperature was 
increased in 0.1 K intervals until the ice completely 
sublimated. Any preferential isotopologue photode-
sorption was tested by exposing the CO ice to ionizing 
Lyman-# radiation (121.6 nm 10.2 V), with emission 
monitored using UV spectroscopy. Ice samples were 
irradiated until all of the ice was photodesorbed. Dur-
ing irradiation, ice and gas were monitored simultane-
ously to compare [12CO]/[13CO] at constant intervals. 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
 
 
Figure 4: Initial results from experiments establishing 
the CO sublimation point. 
 
 Results: Onset of sublimation for thin CO films (a 
few 100 nm) was above 28 K, with the first observable 
depletion of CO ice absorption at!28.5 K (Figure 4). In 
a separate experiment, it was observed that over a pe-
riod of 5 hours!when held at 28.5 K, the! thin CO ice 
film completely sublimated, suggesting that under as-
tronomical time scales, sublimation of CO could occur  
between 28 and 28.5 K. Initial photodesorption experi- 

 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Preliminary results showing the evolution of 
integrated absorbtion intensities of 12CO, 13CO, and 
12CO overtone bands. The 12CO fundamental curve is 
normalized with the overtone to be in the same scale. 
 
ments using thick CO ice subjected to Lyman-# at 30 
K did not show measurable differences in photodesorp-
tion of 12CO relative to 13CO (Figure 5). This ongoing 
project will include experiments at lower temperatures 
that will more fully explore ZPE differences in 12CO 
vs. 13CO fractionation.  

Conclusions and Future Work: Preliminary re-
sults from new CO ice-analog experiments under as-
trophysical conditions reveal a sublimation tempera-
ture of 28.5 K for thin CO ice films. Thus far, no pref-
erential difference was found between 12CO and 13CO 
in photodesorption at 30 K. Experiments will be re-
peated in the coming months to verify results, and 
lower temperatures will be tested with interstellar rati-
os of [12CO]/[13CO]. Thermal desorption experiments 
will incorporate CO2 and H2O ices in relevant mixtures 
with CO to investigate the effects of various astrophys-
ical mixtures on fractionation in CO reservoirs.  

Acknowledgements: We gratefully acknowledge 
support of this project through NASA’s Emerging 
Worlds Program: (Grant #NNX17AE34G [PI, R. 
Smith]). This work has been carried out at the Jet 
Propulsion Laboratory, California Institute of 
Technology, under a contract with the National 
Aeronautics and Space Administration.  

References: [1] Smith R. L. et al. (2015) The As-
trophysical Journal, 813, 120-135. [2] Coletti C. & 
Billing G. D. (1999) Journal of Chemical Physics 
111(9), 3891-3898. [3] Yuan C.Q. & Yates J.T. (2013) 
The Journal of Chemical Physics, 138, 154302-1 – 
154301-8.!  [4] Willacy K. & Langer W.D. (2000) The 
Astrophysical Journal, 544, 903-920. [5] Dominik C., 
et al. (2005) The Astrophysical Journal Letters, 635, 
L85-L88. [6] Smith, R. L. et al. (2017) 80th Meeting of 
the Meteoritical Society, LPI 1987, 6174.!!

Fl
ux

Wavenumber (cm-1)

21
38

.1
4 

- 1
2 C

16
O

21
11

.5
4 

- 1
2 C

17
O

 12
C1

8 O
20

91
.7

0 
- 1

3 C
16

O
20

51
.5

5 
- C

O
3

20
44

.3
0 

- C
O

3

Sample Spectrum of CO Ice at 28 K
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