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Introduction:  Pluto’s volatile surface ices are 

predominantly methane (CH4), nitrogen (N2), and car-

bon monoxide (CO) as observed by the NASA New 

Horizons fly-by [1-3]. However, the development of 

physical and mineralogical models requires new labor-

atory data for interpreting these mission observations. 

The New Horizons Linear Etalon Imaging Spectral 

Array (LEISA) data consists of the observational wave-

length range 1.25 µm – 2.5 µm [4]. Therefore, spectral 

data acquired under experimental Plutonian conditions 

would be ideal to compare with LEISA data and for 

extending theoretical modeling of mineralogical effects 

on ices.  

Pluto’s surface temperatures range from 33 K – 55 

K (though can be < 33 K in certain seasons or cold-trap 

settings) with a surface pressure of approximately 14 – 

25 µbar [5-6]. This temperature range gives rise to 

potential phase changes and binary/ternary mixture 

behavior. Differing ice abundances and interactions 

therefore play many roles in the development of miner-

alogical structures, different localized sublimation be-

havior, and geological or rheological processes [3, 7-

8]. However, spectral characteristics of ice (binary and 

ternary) mixtures in the system N2-CH4-CO remain 

poorly studied. CH4 in N2 is particularly of interest due 

to the observed presence of two phases: one highly 

diluted in solid beta-nitrogen and another that is still 

unknown, but hypothesized to be a segregated layer in 

patches or intimate with the diluted phase [9]. CH4-CO 

mixture, however, has a lack of literature and experi-

mental data at Pluto’s low temperature and pressure 

conditions. Finally, CH4-N2-CO ternary mixtures also 

pose an interesting question to phase changes and be-

havior at low temperatures and pressures.  

Experimental Setup:  The Pluto simulation cham-

ber at the W.M. Keck Laboratory for Space and Plane-

tary Simulations at the University of Arkansas is 1.31 

m. in length and 0.56 m. in diameter [10-11]. This 

stainless steel vacuum chamber includes FTIR capa-

bilities and a camera system for visual observation of 

the ice samples and phase behavior. The experimental 

protocol for this task is as follows: a main gas constitu-

ent (CH4) is mixed in a set molar ratio with a second 

constituent (CO or N2) within a pre-mixing chamber 

connected to the simulation chamber. Then the mixture 

is injected into the cryo-vacuum pre-chilled simulation 

chamber at a temperature of 10 K and 14 µbar, and 

condenses onto the vertical coldhead where recording 

from the FTIR and camera begins. The mixture is then 

heated by 1 K, 5 K, or 10 K increments, which helps 

determine the temperature of phase transition detected 

by spectroscopy or optical instruments. FTIR spectra is 

acquired using a Thermo Nicolet 6700 Spectrometer 

with a TEC InGaAs detector at a resolution of 2 and 

450 second intervals. Long acquisition times allows a 

higher resolution to identify and separate more com-

plex intimate mixtures. The spectra are collected using 

the OMNIC software. Peak changes, shifts, and band 

areas can be analyzed using this software for ice struc-

ture behavior. 

Spectral Results:  CH4-N2 mixtures, according to 

Prokhvatilov and Yantsevich [12], show specific phase 

transitions within Pluto’s temperature range. N2 alpha-

beta transition occurs at ~35 K at 1.5 µm (Figure 1), 

whereas CH4 II to CH4 I transition occurs at ~21 K, 

mainly noticeable in the pure CH4 ice samples.  

 

 
Figure 1: IR spectra of binary mixture CH4:N2 = 

0.5:0.5 mol ratio at various temperatures (20 K top 

spectrum, increase in 10 K increments). Starred bands 

(*) denote nitrogen. The box outlines the observation 

of the 1.46 µm band starting at > 40 K. Spectra has 

been offset for clarity. 

 

With the CO-CH4 mixtures, our experiments (Figure 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 ap-

pear to weaken. A weaker 1.58 µm band does appear 

with these mixtures. However, the 2.35 µm methane 

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. 

 

With the preliminary ternary mixtures, our experiments 

(Figure 3; 10% CH4: 50% N2: 40% CO) show that by 

increasing the temperature of the chamber, the nitrogen 

micron band at 1.5 µm becomes more prominent. The 

2.38 µm CO band remains fairly stable as temperature 

increases. It is interesting to note the 2.194 µm CH4 

band weakening from 20 K – 50 K and will be studied 

more in future experiments.  

 

 
Figure 3: 10% CH4, 50% N2, 40% CO ternary mixture 

at varying temperatures. Shaded sections signify con-

stituent: CH4 (blue), N2 (yellow), CO (red). Spectra 

offset for clarity.  

 

The preliminary ternary experiments is also being 

compared to binary mixtures. In the initial study, we 

have found that the methane bands are more prominent 

with higher ratios of methane and nitrogen.  The 2.38 

µm CO band has shifted slightly (< 0.2 µm) from the 

binary CO-CH4 to the ternary mixtures (Figure 4).  

 

 

 

 
Figure 4: Binary and ternary ice mixture comparisons 

at 40 K temperatures. Binary mixtures at 0.5:0.5 molar 

ratios. Ternary 1: 10% CH4, 50% N2, 40% CO mixture. 

Ternary 2: 50% CH4, 40% N2, 10% CO mixture. Shad-

ed sections signify constituent: CH4 (blue), N2 (yel-

low), CO (red). Spectra offset for clarity. 

 

Conclusions: CH4-N2 mixtures show the phase 

transitions using the FTIR instrumentation, allowing 

for further investigation to other potential phase transi-

tions. CO-CH4 mixtures show a possible interaction of 

certain methane spectral bands having possible de-

pendence on the molar ratio amount of CO present. In 

ternary mixtures, the amount of N2 or CO could influ-

ence the strength of the CH4 bands. This implies the 

polarity interactions of the volatiles (i.e. CH4-N2 being 

nonpolar-nonpolar; CH4-CO being nonpolar-polar) 

having an observed effect on band strength and shift-

ing.  

This observed behavior could influence the evolu-

tion of certain mineralogical aspects of Pluto, such as 

boundary layers and glaciation. Laboratory measure-

ments of planetary surface compositions provide cru-

cial support to science instrument measurements from 

ground-based, orbital, and lander observations.  
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