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Abstract: We compare the morphological modifications in gelatin films, induced with an 800nm 
femtosecond amplifier, in subject of the number of input pulses and the input pulse duration. Foam 
is formed in all cases, but only under certain conditions the desirable structures that mimic the 
native subcellular matrix are formed. The number of input pulses significantly changes the foam 
structure, allowing a well-defined nano-structuring for optimal tissue-engineering. 

 

1. Introduction 

Tissue Engineering requires the use of a temporary porous matrix in order to guide the regeneration of tissue to the 
desired shape. Dense cavitation and bubbling phenomenon yield micro/nano-foaming when biopolymer films like 
collagen and gelatine are irradiated with laser pulses [1,2] . It is hypothesized that such artificially created scaffolds 
matrix may be seeded with cells which then are encouraged to develop into the desired tissue. The dependence of 
laser fluence, pulse duration, wavelength and sample concentration on structure formation on stand-alone collagen 
and gelatin films has been already reported [3].  In this work we explore the dependence of pulse number on the 
structure formation. 
 
2. Experiment 

For preparation of self-standing gelatin films of ~100 microns thickness, 1.6g of gelatine is dissolved in 20mg of 
distilled water, which is then heated up to 60oC. The resulting viscous solution was shuffled for 35 minutes at this 
temperature to fully dissolve the gelatine. A thin layer of this solution is then applied on microscopic slides. The 
films thus prepared are irradiated in air by a 1KHz, 800nm femtosecond laser amplifier (Femtopower) in subject of 
different fluences, pulse durations, and number of pulses. The pulse duration is varied by changing the prism 
spacing in the compressor part of the amplifier. The number of pulses (spaced 1ms apart) are extracted by 
controlling the internal pockel-cell of the amplifier. 

 
3. Results and Discussions 

Here we present the modifications of the gelatin film, irradiated with a fixed fluence of 3J/cm2 in subject to the pulse 
duration (30fs, 100fs and 5ps) and number of pulses (1, 2, 5, 25, 50 and 100). Fig. 1 shows the SEM images taken at 
the irradiated regions with 30fs (Fig.1a to f) and 100fs (Fig.1g to l).  
 

 

 

Fig. 1. SEM images of gelatin thin films after irradiation with 30fs pulses (a to f) and 100fs pulses (g to l). Fluence: 3J/cm2  

(f) 100pulses  (a) 1pulse  (b) 2pulses  (c) 5pulses  (e) 50pulses  (d) 25pulses  

(g) 1pulse  (h) 2pulses  (i) 5pulses  (j) 25pulses  (k) 50pulses  (l) 100pulses  
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Fig.1 clearly shows the onset of formation of a network of interconnected micro-pores with the number of irradiated 
pulses. We can clearly distinguish the onset of surface modification which starts by irradiation with 1 pulse, and 
after irradiation with more than 25pulses the surface modification transforms to ablation of the fine structures. 
 
Fig. 1 reveals further, that the pulse duration doesn’t have such an influence like the number of input pulses. To 
investigate the pulse duration dependency in more detail we performed an identical measurement but with a 5ps 
pulses, see Fig. 2. No modifications were observed when the sample is irradiated with 1pulse at 5ps pulse duration at 
3J/cm2 fluence.   
 
 

 

Fig. 2.  SEM images of gelatine films after irradiation with a 5ps pulse. Fluence: 3J/cm2 

Fig.3a &b shows the thickness of the thin inter-connected nano-pores and cavity sizes respectively. It is observed 
that these sizes depend strongly on the pulse number. 

 

Fig.3. SEM images of gelatine thin film at 80,000 magnification showing dimensions of thin interconnects and cavities. 

The choice of femtosecond pulses may be more preferable for controlled and defined nanostructuring in 
biopolymers. The nano-structuring, respectively the formed cavitations, bubbles and nanofibers, depends 
significantly on the number of input pulses. This dependency allows a tuning of the bubble and cavitations size and 
enables a simple way to find the optimal structure for tissue engineering. The measurements indicate that probably a 
number between 5 – 25 input pulses may be most suitable for tissue engineer. In a next step cells will be grown on 
the modified biopolymers films. 
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