Synthesis of Bragg mirror based on the 2D polymers
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Bragg mirror is a structure with alternating layers with different refractive indexes [1].

These days, the most common methods for the synthesis of Bragg's mirrors are deposition from the liquid phase by spin- [2] dip-coatings [2,3] and sputter coating [3]. 

These layered structures are used as resonators in the manufacture of lasers [1]; anti-reflective coatings for various types of devices [1]; optical sensors [3], etc.

This project presents an innovative approach to the synthesis of Bragg's mirrors based on 2D polymers in the one-pot electrochemical deposition. The advantage of this method is the relatively low cost of the process, its high speed, and production scalability. A concept has been developed for this project, which is presented below. 

Organometallic coordination polymers were selected because of a significantly lower refractive index compared to inorganic compounds, and compared to organic, more thermostable. Electrochemical deposition of the first layer of organometallic coordination polymer Cu3(BTC)2 (HKUST-1, BTC = benzene-1,3,5-tricarboxylate) was performed using a two-electrode electrochemical cell [4]. Consistent change from trimesic acid (H3BTC) solution to aqueous copper sulfate solution led to the formation of layers with different refractive indexes: HKUST-1 layer with low refraction index and copper layer with high.

As a result of the research, the theoretical refractive indexes for each of the layers were calculated. In addition, the formation conditions of HKUST-1 and copper layers were studied, depending on the smoothness of the substrate, synthesis time, concentration and stirring. 4-layer Bragg mirror samples consisting of two layers of HKUST-1 and two layers of copper were obtained. The obtained layers were characterized using XRD, SEM, AFM methods.
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Figure 1. – Scheme of electrochemical synthesis of Bragg mirror. Solution 1: H3BTC in EtOH and H2O. 
Solution 2: CuSO4 in H2O.
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