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Introduction:  Pluto has three main surface ice 

compounds as observed by the New Horizons fly-by: 

nitrogen (N2), methane (CH4), and carbon monoxide 

(CO) [1-3]. Pluto’s surface temperatures range from 33 

K – 55 K with a surface pressure of approximately 10 - 

25 microbar [4-5]. These ices were spectrally observed 

by the New Horizons Linear Etalon Imaging Spectral 

Array (LEISA) instrument in the wavelength range 

1.25 µm – 2.5 μm [6]. Spectral data under experi-

mental Plutonian conditions would be ideal to compare 

with LEISA data and may also help imply various 

phases of ices on Pluto [1-2, 7], especially where some 

regions on Pluto show sharp boundaries between vari-

ous ices, leading to implications toward geomorpholog-

ical boundaries [1]. Carbon monoxide, in particular, is 

not a well-studied volatile compound for the outer solar 

system bodies. Pluto having such an abundance in cer-

tain regions, mainly Sputnik Planitia and the north-

western close-encounter hemisphere, gives us an op-

portunity to experiment with carbon monoxide ice mix-

tures and form hypotheses as to the geologic implica-

tions.  

CO-N2 mixtures pose an interesting question to 

phase changes and behavior at low temperatures and 

pressures, as previous experimental studies were lim-

ited at lower temperatures (> 35 K) [8]. The phase dia-

gram should therefore be re-verified by experimental 

means to better study the Pluto environment. CO-CH4 

mixtures, on the other hand, have a lack of literature 

and experimental data at Pluto’s low temperature and 

pressure conditions.  

 

Experimental Approach:  The Pluto simulation 

chamber at the W.M. Keck Laboratory for Space Simu-

lations at the University of Arkansas is 1.31 m. in 

length and 0.45 m. in diameter [9]. This stainless-steel 

vacuum chamber includes FTIR capabilities and a 

camera system for visual confirmation of the ice pro-

duction and sublimation behavior. 

The experimental protocol for this task is as fol-

lows: CO is mixed in ratio with a second constituent 

(CH4 or N2) within a pre-mixing chamber connected to 

the simulation chamber. Then the mixture is flow-

controlled injected into the cryo-vacuum pre-chilled 

simulation chamber at a temperature of 10 K and 14 

microbar and condenses onto the vertical coldhead 

where recording from the FTIR and camera begin. The 

mixture is then heated by 1, 5, or 10 K increments, 

which helps discern any recorded peak changes detect-

ed. FTIR spectra is acquired using a Thermo Nicolet 

6700 Spectrometer with a CaF2 beam-splitter and a 

TEC InGaAs detector.  

 

Spectral Results:  With the CO-N2 mixtures, ac-

cording to X-ray diffraction data from Angwin and 

Wasserman [7], CO-N2 should be in a cubic phase at 

40 K. However, the boundary between the hexagonal-

close-packed (HCP) + cubic phase close to 40 K is at 

CO ratios < 15%. Our experiments show a characteris-

tic 2.35 µm CO band at concentrations < 30% CO 

(Figure 1), whereas only the 2.38 µm band is promi-

nent with 100% CO. Increasing the CO ratio shows 

both the 2.35 µm and 2.38 µm bands, with the 2.38 µm 

band disappearing as the ratio increases. 

 

 
Figure 1: CO-N2 spectra at Pluto conditions (40 

K). Note the change from one peak (2.38 µm) at 10% 

CO to multiple peaks (2.35, 2.38 µm) at > 50% CO. 

Blank areas cancel water contamination for clarity. 

 

 

With the CO-CH4 mixtures, our experiments (Fig-

ure 2) show that by increasing the ratio percentage of 

CO in the mixture, the more prominent and wider the 

2.38 µm CO band becomes and, in turn, the methane 

bands appear to weaken. A weaker 1.58 µm band does 

appear with these mixtures. However, the 2.35 µm 

band does not appear in these mixtures. This may pro-

vide a further study on how methane bands between 2.2 

- 2.5 µm may not interact with CO to form the 2.35 µm 

CO band or that this band simply only appears when 

mixed with N2.  
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Figure 2: CO-CH4 spectra at Pluto conditions (40 

K). Note the change of width of the 2.38 µm CO band 

as the ratio of CO increases. Blank areas cancel water 

contamination for clarity. 

 

Geomorphology Implications: Relating surface 

images from LORRI (~300 m/pixel) to carbon monox-

ide concentrations as observed in experiments  by the 

LEISA instrument [1] gives us insight to the binary 

phase boundaries and what role they play in their local-

ity on Pluto. The relatively higher concentrations of 

CO are found on the central-to-southeast area of Sput-

nik Planitia, where it is in mixture with the dominant 

N2 ice. CO is also concentrated to the northwest of 

Sputnik Planitia and carries onto the northwestern hem-

isphere of Pluto, where CH4 is more dominant (45° - 

60° latitude). Figure 3 shows an example of a CO-CH4 

boundary in the northwestern hemisphere of Pluto. 

Preliminary spectral maps in this area from LEISA 

mainly identified the weak 1.58 µm band on Pluto, 

which does slightly appear in CO-CH4 mixtures (Figure 

2). This example shows polygonal surface features 

speckled with methane-dominant craters. These polyg-

onal features may imply an interaction between varying 

particle sizes or the polar-nonpolar interactions of the 

CO-CH4 mixtures.   

 

Figure 3: LORRI surface image of a CO-CH4 domi-

nant boundary in the northwestern close-encounter 

hemisphere of Pluto. Scale bar at 100 km. Arrow 

points north. Image obtained using the JMARS soft-

ware.  

Conclusions: Our experimental CO-N2 mixtures 

show band changes at the 40 K conditions depending 

on the concentration of CO in the mixture. These could 

relate to the cubic and HCP + cubic phases as observed 

from previous data. The changes, however, in regards 

to concentration and temperature changes could have 

major implications toward the evolution of certain ge-

omorphological aspects, mainly glaciation [2,10].  

The CO-CH4 mixtures show band widening as the 

ratio percentage of CO increases. However, only one of 

the CO bands appear, implying that the 2.35 µm CO 

band may be used to identify only CO-N2 mixtures. 

Since there is a lack of a complete CO-CH4 phase dia-

gram, these spectra will potentially fill in the blanks 

and help relate to phase changes for Pluto. Since CO 

and CH4 are a polar-nonpolar volatile interaction, this 

could imply a variegated sample surface, as potentially 

observed as polygonal surface features in the north-

western hemisphere of Pluto above 45° latitude.  

Additional information for interpretation and sea-

sonal perspectives must be obtained by laboratory sim-

ulations to help confirm theoretical models and extend 

current phase diagrams to low temperatures and pres-

sures. In understanding the behavior and structure of 

these CO-CH4 and CO-N2 mixtures, we can hypothe-

size the stability of phases, phase changes with season-

ality and sublimation processes, and structures of sur-

face geology. 
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