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Introduction:  Enceladus, a small satellite of Saturn, has 
received a great deal of attention since the Cassini spacecraft 
detected a spectacular fountain of water ice particles and 
vapor emanating from its south-polar region [1-4]. Ever 
since this discovery, many theories have been proposed to 
explain how such a unique phenomena could exist on this icy 
body [5-12].    

Here, we present additional laboratory results on the ef-
fects of ion irradiation on ammonia water mixtures at differ-
ent temperatures – 20 K and 120 K. The results complement 
our previous work on the irradiation of ammonia-water  mix-
tures at 70 K [5].     

Experimental Details: The experiments were performed 
in vacuum at 2 x 10-10 Torr using a mass-analyzed beam of 
100 keV protons. Solid ammonia-water films were grown at 
80 K on the gold mirror surface of a quartz-crystal microbal-
ance (QCM) to a thickness of ~2 µm (148 µg/cm2), slightly 
larger than the depth of penetration of the ions.  The mix-
tures were grown using two separate gas dosers with the 1:2 
NH3:H2O ratio of the dihydrate, as this is one of the equilib-
rium phases for ice mixtures with < 65.4 wt% ammonia [13]. 
The samples were then annealed to 120 K to achieve uniform 
mixing.  Irradiations were done at 20 K and 120 K while 
monitoring the samples with infrared reflectance (IR) (1.5-15 
µm), a mass spectrometer (MS) aimed at the surface, and 
gravimetry using the microbalance. 

Irradiation results at 20 K: Figure 1 shows the fluence 
dependence of the infrared absorption band area of NH3, N2, 
H2, and NO. We note that the band area of the hydrogen 
absorption peaks at a value that is four times larger than in 
the experiments at 70 K..  This is probably due to both an 
increase in the retention of hydrogen at low temperatures, , 
and to a large temperature dependence in absorption coeffi-
cient, which we have seen in these diatomic molecules [14].  
Also we detect NO (1871 cm-1), which is not observed 70 K.   

Figure 2 shows the formation of OH dangling bonds as 
a function of ion fluence; this feature was not observed at 70 
K ,but has been observed in ion irradiation of hydrogen per-
oxide [14].  The band position of the dangling bond (here: 
3671 cm-1; pure water: 3696 cm-1) observed here suggests 
that gas is attached to it, which is likely H2 and/or N2.  We 
note that in previous experiments the position of the dangling 
bond shifted from 3692 to ~3676 cm-1 when N2 was code-
posited with water ice [15]. 

 
 
 
 
 
 
 
 
 
 

 
 
Figure 1. Fluence dependence of the infrared band area of 
NH3, H2, N2, and NO absorptions in a 1:2 ammonia-water 
mixture (thickness ~ 2 µm) during irradiation with 100 keV 
protons at 20 K. The lines are to guide the eye. 
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Figure 2.  Production of OH dangling bonds as a function of 
fluence for a 1:2 ammonia-water mixture (thickness ~2 µm) 
irradiated at 20 K with 100 keV protons to a fluence of (1) 0, 
(2) 9.5, (3) 22, (4) 57, and (5) 13 x 1015 ions/cm2. 
 
 
Irradiation results at 120 K: Under otherwise the same 
experimental conditions as at 20 K, we irradiated samples at 
120 K to study effects that temperature has on the irradiation 
chemistry.  Figure 3 shows the destruction of ammonia ver-
sus irradiation fluence.  We note that other new bands were 
observed at 2225 (N2O), 1300, 1263 cm-1 and no bands were 
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observed for N2 and H2. At high fluences, the concentration 
of NH3 remaining in the ice is about a factor of 5 less than it 
is at 70 K.   
 

Figure 3. Fluence dependence of the infrared band area of 
NH3  (4523 cm-1) in a 1:2 ammonia-water mixture (thickness 
~ 2 µm) during irradiation with 100 keV protons at 120 K.  
 
 
Heating of irradiated films at 20 and 120 K: After irradia-
tion, we warmed the films at 0.2 K/min and monitored 
changes with the MS, QCM, and IR. For the sample irradi-
ated at 20 K, we observe some mass loss in the QCM, which 
probably is desorption of N2 and H2 from the surface that has 
not been caught in a trapping site.  The remainder of the 
trapped gas stays in the ice until the high frequency spikes in 
the chamber pressure begin to occur as they did for irradia-
tion at 70 K (Fig. 4).  Here they appear to be stronger and 
they peak at a higher temperature (~135 K rather than 127 
K).   As for irradiation at 70 K, these bursts correlate with 
drops in the infrared reflectance.    

Heating of the sample irradiated at 120 K yielded no 
outbursts like it did for irradiation at 20 and 70 K and no 
hydrogen desorbed below 150 K either. More details on all 
these results will be given at the conference.  

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 4.  Mass loss rate (top) and mass spectrometer signal 
uncorrected for relative efficiencies (bottom) during post 
irradiation heating of a 1:2 ammonia-water mixture (148 µg 
cm-2; thickness ~ 2 µm) irradiated with 1.3 x 1016 100 keV 
H+/cm2 at 20 K.   
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