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Modern demands for high speed telecommunication and data processing have created the need for advanced 

materials that allow active manipulation of light waves. Subsequent research has shown that photonic 

crystals provide excellent candidates to accommodate these needs. Photonic crystals are a relatively new 

class of materials in which the refractive index is periodic in 1, 2 or 3 dimensions. This periodicity gives rise 

to a photonic band gap which in turn provides selective reflection of certain wavelengths of light. Another 

interesting property of photonic crystals is the anomalous dispersion that occurs close to the photonic band 

gap (i.e. at the band edge). The anomalous dispersion causes the group velocity of light to decrease 

considerably, allowing stronger interactions between the travelling light and the material of which the 

photonic crystal consists.[1]
   

 

Our current goal is to investigate the influence of the band edge and band gap on both linear and nonlinear 

optical effects in 3D photonic crystals. As these influences can be small, it is crucial to ensure good 

uniformity and a high signal-to-noise ratio during sample preparation. As our model system, polymer 

inverse opals were used.[2,3] We developed an easy method to fabricate such polymer inverse opals by 

templating colloidal crystals. The resulting structure is a uniform freestanding film without polymer 

overlayer. This is important as both the substrate and the overlayer can contribute to the noise. Figure 1A 

shows both the external and internal structure of the polymer inverse opals. Additionally, the inversion 

procedure strengthens and blue-shifts the photonic band gap. [4]  

 

By doping the monomer melt before infiltration, additional functionality can be introduced. This concept 

was proven by doping with the fluorescent dye coumarin 343. The fluorescence was clearly suppressed 

when coinciding with the photonic band gap (see figure 1B), which is in accordance with previous 

research.[5] By exploiting the angular dependence of photonic crystals, the shape of the fluorescence 

spectrum could be modified. [6] This experiment proves that the inserted dopants are indeed strongly 

influenced by the band gap.  

 

The developed fabrication method can be easily modified to fabricate 3D magneto-optical, plasmonic, and 

electro-optical photonic crystals. Future research will focus on the influence of the 3D photonic structure on 

Faraday rotation and second harmonic generation. An enhancement of these nonlinear optical effects could 

lead to low-cost applications in optical telecommunication and optical sensing technology. 

 

   

 

 

 

 

 

 

 

 

Fig1.     A) The fabricated polymer inverse opals are fully etched (SEM image) and highly uniform (inset).                                   

B) The fluorescence of coumarin 343 is strongly suppressed by the inverse band gap, as proven by the angular dependence. 
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