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Introduction: Clathrate hydrates are non-

stoichiometric, ordered mixtures of water ice and a 

guest gas [1]. These substances have been found on 

Earth under low temperature, high pressure conditions 

[1]. Clathrates are likely to be found on other bodies 

throughout the solar system [2],[3],[4],[5],[6], there-

fore understanding how these materials form and per-

sist at a wide range of temperature, pressure and com-

position (P, T, X) conditions would enhance our un-

derstanding of planetary formation in the pre-solar 

nebula and the interactions between solid and vapor 

phases on icy bodies. The most likely guest gas candi-

dates in the solar system are CO, CO2, CH4, N2, and 

NH3 [7]. We focus on CH4 for the purposes of this 

study. 

     Experimental Approach:  

 
 Figure 1: Outer Solar System Simulation Cham-

ber. Chamber shown with access door at right. Im-

age from McMahon  et al (2016) [8] 

The University of Arkansas W. M. Keck Laboratory is 

home to the Outer Solar System Simulation Chamber, 

which is designed to simulate low temperature (< 120 

K), low pressure conditions (< 25 ubar). The chamber 

(Figure 1) provides an ideal environment to study the 

formation kinetics and dissociation behavior of clath-

rate hydrate compounds under those conditions.  

      The chamber is composed of a stainless steel cyl-

inder measuring 0.56 by 0.45 m, and has 22 ports to 

admit instrumentation and sample materials. A Janis 

Special CSS DE-204SL Cryogenic Cryocooler Closed 

Cycle Refrigeration System cools the interior of the 

chamber to temperatures as low as 10 K. Pressure in-

side the chamber can be reduced to 10 μbar by an 

Acatel Pascal vacuum roughing pump. 

Samples are spectrally analyzed using a Thermo 

Nicolet 6700 Spectrometer with liquid nitrogen-cooled 

InSb detector capable of 4 cm-1 resolution. A ZrF4-

doped fiber optic probe connects the chamber to the 

spectroscope, which averages 450 measurements into 

each spectral product. A GoPro USB camera and light 

bulb installed inside the chamber allow for visual ice 

observations. The light bulb is only illuminated during 

optical imaging to prevent heating the chamber interi-

or. 

      In order to observe the behavior of gas and ice 

mixtures at low temperature, low pressure conditions, 

we have developed a dedicated clathrate observation 

cell. This cell allows for close monitoring of tempera-

ture and pressure conditions while affording excellent   

optical and spectral characterization of samples. The 

cell enables more precise pressure tracking and con-

trol compared to using the entire volume of the exper-

imental chamber. 

 
Figure 2: Clathrate Cell (approx. 80x80x20 mm). 

Clathrate cell, window-side up. (1) Pressure moni-

toring inlet. (2) Gas inflow port. (3) Exhaust port. 

(4) Clathrate condensation surface. (5) Spectralon 

for background calibration purposes. 

      The clathrate observation cell was custom built to 

closely monitor pressure and temperature conditions 

very near the sample ice mixtures (Figure 2). This cell 

consists of a block of milled brass, threaded to mount 

directly onto the cold finger inside the chamber. The 

observing window is made of IR grade fused silica 

(SiO2). In addition to the pressure and temperature 

monitoring for the entire chamber, the clathrate ob-

servation cell has dedicated pressure and temperature 

tracking.  
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Figure 3: Clathrate cell installed in chamber, window 

facing down. (1) Cold finger. (2) Clathrate cell. (3) FTIR 

probe. (4) Optical camera. 

An actuator arm allows the position of the FTIR 

probe to be adjusted between two possible positions 

while maintaining vacuum conditions inside the 

chamber. This arm holds the FTIR probe (3) in Figure 

3. Position one is calibration mode, aimed at the spe-

tralon surface, indicated by (5) in Figure 2. Calibra-

tion mode produces a background which is used to 

correct subsequent spectra collected. Position two is 

(4) in Figure 2, aimed at the sample surface which is 

most directly in contact with the cold finger of the 

chilling unit inside the chamber. This position aims 

the probe directly into the clathrate cell where the ice 

mixture is formed.   

   
Figure 4: Comparing water ice, methane ice, and 

two experimental protocols at 100 K. A) 6600 – 

7800 cm-1 of pure water ice, pure methane ice, 

DCM, and HSM. B) Spectral region of 5000 – 6300 

cm-1 of the same compounds as seen in A.     

 

      Experimental Protocol: Each experiment begins 

by evacuating atmosphere from inside the chamber 

using the roughing pump. Once most of the pressure 

inside the chamber is evacuated, the cooling system is 

used to reduce the temperature to the desired level. 

Depending on which method is used, water vapor and 

guest gas are injected onto the cold surface together or 

in turns. The target gas or gas mixture is introduced 

via vacuum-tight port into the clathrate observation 

cell, freezing onto the central surface, indicated by (4) 

in Figure 2. Once the ice mixture has been created, it 

is characterized via FITR and imaged optically. 

      Results:  Two initial experiments have been per-

formed, exploring wo possible pathways for methane 

clathrate formation at 100 K: F one with direct con-

densation method (DCM,water vapor and CH4 are pre-

mixed and introduced into the clathrate observation 

cell and the heterogeneous condensation method 

(HSM) in which amorphous ice was first condensed 

onto the surface of the clathrate observation cell, then 

CH4 vapor flowed across the surface while pressure 

and temperature were maintained.These clathrates 

synthesized using DCM and HSM were condensed 

from a 0.5:0.5 mol fraction of water and methane gas. 

The stars in Figure 3 indicate possible overtones relat-

ed to methane clathrates.  

      Conclusions: This clathrate observation cell will 

allow for better observation of clathrate formation 

inside the Outer Solar System Simulation Chamber 

than was previously available. We will utilize this cell 

to study enclathration and dissociation at temperature 

and pressure conditions which have not yet been ex-

plored. Preliminary results suggest this cell will allow 

for precise examination of clathrates and intimate 

mixtures of ice and guest gas. Further work will in-

clude exploring additional guest gases, mixtures of 

guest gases, and varying the molar ratio of water va-

por to guest gas.  
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