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The breathing mode of methane, an in-phase stretching and shrinking of all four C-H bonds 
where the C atom and the charge distribution remain undisturbed, is inactive in the infrared 
spectrum of gas-phase or of pure solid methane. However, in low-temperature methane/water 
mixtures, like those generated to model astrophysical ices, a small but distinguishable feature 
has been observed in IR spectra, at the expected frequency of this vibration. Hodyss et al. [1] 
were the first to report this observation, which was subsequently confirmed by Gálvez et al. 
[2]. Although weak in general terms, the strength of this anomalous band could be large 
enough to allow detection in astrophysical or atmospheric field observations, thus providing a 
direct evidence of the presence of a form of methane in direct interaction with water. 
 
We have built theoretical models that mimic experimental samples of CH4/H2O mixtures in an 
attempt to understand this effect, and to find out if, and when, this activation is predicted. Our 
results for a number of quantum chemical models turn out to be diverse, ranging from no 
activation at all to the prediction of some very strong features in specific cases.  
 
For our calculations we have used several modules of the Materials Studio package, namely 
Amorphous Cell, Adsorption Locator, and CASTEP, which allow building models for 
amorphous solids for specific values of density and temperature and predicting their 
vibrational spectra. We have considered two amorphous water (ASW) models, of densities 0.7 
g cm-3, to simulate low-density ASW, and of 0.94 g cm-3, for more compact water solids. 
Methane molecules were added to these amorphous structures at 30 K, in CH4/H2O ratios 
varying between 1/20 and 1/8.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: IR spectra of a 1:3 CH4:H2O mixture deposited at 14 K (black, above), and of pure CH4 (blue, 
below). Inset: enlargement of the breathing mode region; the band is forbidden for pure CH4, but it 
becomes as strong as a the ν2+ν4 combination band for the mixture. 
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