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Introduction: Ground observations and space mis-

sions have revealed that water ice is abundant in as-

tronomical environments such as comets, satellites of 

the outer planets and their rings [1], and icy grain 

mantles in dense interstellar clouds [2]; thus, we in-

vestigated the properties of water ice at very low tem-

peratures [3]. Condensation of water vapor onto cold 

substrates (< ~130 K) in vacuum forms amorphous 

solid water (ASW) and serves as a laboratory analog 

of the icy surfaces existent in the space environment. 

The absorption, retention and desorption of volatile 

gases within an ASW matrix are fundamental pro-

cesses that have been investigated in earlier studies, 

and the results were used to explain several cometary 

phenomena [4], the possible ejection of ice grains in 

Enceladus [4], and the surface composition in icy sat-

ellites such as Ganymede [5]. Cracks in the water ice 

due to desorption of volatile gases were identified in 

the earlier studies [4 – 6]. Bombardments of energetic 

ions and photons on icy bodies such as Ganymede, 

together with photoelectron, secondary electron, and 

secondary ion emission, will leave the icy surfaces 

charged. The charged surfaces can deflect or even 

reflect magnetospheric particles, changing the photol-

ysis and radiolysis on the surfaces. In this work, we 

address the relationships between surface microstruc-

ture (cracks) due to the gas adsorption/desorption in 

ASW and electrical properties of ASW at low temper-

atures (< 150 K).  

Experiments: Experiments were performed in an 

ultra-high vacuum system (base pressure: ~2 × 10-10 

Torr). Films were deposited by directing collimated 

vapor beams onto a liquid-helium cooled, gold-coated 

quartz crystal microbalance (QCM). Xe films were 

deposited at 40 K at normal incidence, annealed at 60 

K, and cooled to 10 K. ASW films were deposited at 

10 K at 45° incidence. The porosity of the ice films 

was calculated by combining the column density ob-

tained from QCM measurements and the thickness 

derived from UV-visible interferometry [6]. Film sur-

face potentials (Vs) were determined using a Kelvin 

probe to measure the contact potential difference 

(CPD) [7]. Surface microstructures, cracks larger than 

a few μm, of the films were imaged with a long-

distance microscope. 

To study the effects induced by the desorption of 

the Xe gases, we focused on the double-layer films 

consisting of 1120 ML ASW on top of 710 ML Xe. 

For comparison, we also prepared single-layer ASW 

films (1120 ML) and Xe films (710 ML), and/or 

switched the order of the double-layer films by depos-

iting the 710 ML Xe films at 10 K on top of the 1120 

ML ASW films.  

To investigate the surface electrostatic charg-

ing/discharging in ASW, we deposited charge onto the 

films by irradiating with 500 eV He+ ions  at normal 

incidence for 270 seconds to a fluence of (0.9 ± 0.1) × 

1012 cm-2 s-1. 

All of these films were heated from 10 K to 200 K 

at a rate of 1.8 K/minute while monitoring the surface 

microscopic structure, surface potentials, total mass 

loss due to desorption derived from the QCM meas-

urements, and temperature programmed desorption 

(TPD) spectra obtained with a quadrupole mass spec-

trometer (QMS). 

Results and Discussions: At 10 K after the growth 

of the films, no cracks were observed in all the films. 

Surface potential measurements of the double-layer 

films indicated that the Xe layer, regardless of the 

position, didn’t affect the electrical properties of the 

ASW layer. 

During heating the films from 10 K to 200 K, we 

observed the evolving surface microstructure, surface 

potentials, and desorption spectra (TPD) as a function 

of temperature.  

Cracking: Cracks were only observed in the dou-

ble-layer films where ASW films were deposited on 

top of Xe films. Cracks appeared at (44±1) K and con-

tinued to evolve until ~74 K (Figure 1). We suggest 

that the cracking and its evolution is induced by the 

Xe desorption through the water ice overlayer, by co-

ordinating evolutions of the cracks and the TPD spec-

tra.   
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Figure 1 Evolution of cracks with annealing tempera-

ture in the double-layer film consisting of 1120 ML 

ASW atop a 710 ML Xe. The field of view was 700 

μm ×700 μm. 

 

 

Electrical properties: Surface potentials of the ir-

radiated double-layer films, regardless of the layer 

order, showed new features above ~44 K (Figure 2). 

Our results indicate that a fraction of the deposited 

charges were trapped in the crack-induced defects 

and/or at Xe-H2O interface traps. These trapped 

charges decayed at higher temperatures. 

 
 

Figure 2 Evolutions of the surface potentials (solid-

lines) with annealing temperatures in the irradiated 

films. Compared to the single-layer ASW or Xe films, 

new features were observed in the double-layer films. 

Xe desorption peaks for the double-layer film with 

ASW atop of Xe (dot-line) were also presented. 

 

 

Conclusions: Studies here show that the desorp-

tion of gases from volatile underlayers beneath amor-

phous solid water ice results in fractures within the 

water ice. Surface potential measurements indicate 

that a fraction of charges are trapped in cracks and 

interface traps, creating surface electric fields. Inho-

mogeneous surface electric fields may deflect and even 

reflect particles with the same polarity from reaching 

the surfaces of the icy bodies and must be considered 

when modeling plasma-surface interactions.  
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