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Immobility of protons in ice from 30 to 190 K
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Soft-landing ion beams are fairly new developments, especially applying them to ion transport.  Presented here are some examples of using soft-landing ion beams to probe ion transport in thin film hydrocarbon ices, which both clarify the experimental method, and validate it as a methodology. 

Figure 1 shows the general experimental method [1][2].  The amorphous films made should be true liquids above their glass temperatures, which for hexane or 3 methyl pentane are between 70 and 80 K, and for water, 135 K.

Figure 2 shows a cartoon of the ions moving, as well as actual data, for hydronium ions placed on top of an amorphous 3-methyl pentane film.  The agreement with ion motion predicted by the material's published viscosity [3] and the drag-on-a-sphere Stokes-Einstein model is a good indication that we are able to measure ion motion when it occurs in simple systems.

Figure 3 shows a more complicated case, where crystallization of an n-hexane film occurs as ions just begin to move.  [2]  This was confirmed via infrared studies.  Before crystallization is complete, the ions move in hexane similar to how they move in 3-methyl pentane.  When crystallization is complete, the ions move with difficulty.  We conclude that a neutral hexane has to move about 1 molecular length to allow crystallization to occur. [2] 

Non-polar organic films are particularly simple to study, since the dielectric constant of non-polar organics is small and nearly constant.
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Figure 1. Experimental procedure.  1. Hexane deposited at 27-30 K as amorphous layer, occasionally annealed to form a crystalline layer.  2. Ion energy deposition was controlled by the bias difference between the ion source and the crystal.  3. Temperature programmed desorption spectra and film voltages were recorded during the temperature ramp.
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Figure 2. Hydronium diffusion measurement in organic film.  Cartoon and data for D3O+ ion diffusion through amorphous 3-methyl pentane film.  At bottom is Pt(111) substrate.  Film is 45 monolayers thick.  0.8 µC of ions (red circles) are soft-landed on top at 30 K (left side of cartoon).  As ions are deposited, the film charges, and the sample bias voltage is adjusted to maintain the ion kinetic energy at about 1 eV at the top of the target film.  On the right side, a Kelvin probe measures the work function change caused by the ions, and thus their average height above the substrate.  As T is ramped at 0.167 K/s the ions begin to move above 80 K(solid curve) with a velocity proportional to the field E.  They reach the bottom of the film by 93 K.  Dashed curve is predicted from known viscosity and Stokes-Einstein law for drag on a sphere, for rion = 3 Å. 
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Figure 3.  Hexane case compared to 3-methyl pentane.  Bottom curve is data from Fig. 2.  Top curve is from a similarly prepared hexane film (200 Å thick).  Note crystallization occurs in hexane around 95 K.

