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A solvent-free, conformal process for depositing thin films of polymers and other 
organic materials has been developed over the past four years using the Vanderbilt 
free-electron laser.1  This laser 
vaporization technique, unlike the 
ultraviolet pulsed laser deposition 
technique used in the deposition of 
inorganic thin films (especially 
oxides), relies on laser vaporization 
by weakly resonant excitation of 
specific vibrational modes of a 
polymer or organic target.2 

An important question about the 
ablation mechanism is whether or 
not it is a purely thermal process.  
To answer this question, we used 
Vanderbilt’s tunable free-electron 
laser to ablate polystyrene with 
molecular weight of approximately 
10 kDa, irradiating first at the PS 
backbone mode and then at the ring 
mode.   These two modes have 
nearly equal absorption (see Figure 
1), so the ablation yield should be 
similar if the process is thermal — 
since the two modes would absorb 
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Figure 1. Absorption spectrum of polystyrene showing the 
two IR modes at which ablation was carried out. 

 
Figure 2. Ablation yield as a function of laser pulse 



the same amount of energy.  However, as seen in Figure 2, the yield from 
irradiating the ring mode is approximately 50% higher than when the backbone 
mode is irradiated.  Since the lifetime of the ring mode is roughly triple that of the 
backbone mode (based on linewidths), this suggests that the longer-lived 
vibrational mode is more efficient at promoting bond-breaking.  Put in another 
way, during the ring-mode excitation the polymer can make roughly three times as 
many attempts to get over the potential energy barrier that binds it to its neighbors 
as the polymer can make when excited via the backbone mode.  

This adds evidence to the idea that resonant infrared laser ablation is a non-thermal 
process.  Because resonant infrared pulsed laser deposition (RIR-PLD) can be used 
to deposit films even of insoluble polymers3 — such as poly(tetrafluoro-ethylene) 
or Teflon® —  this appears to be a versatile, broadly usable technique for 
depositing organic and polymer films. 
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