Studies of Electrochromic Properties of Selected Carbazole Derivatives: A Five-Polymer Comparative Study
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This study presents the synthesis and systematic evaluation of electrochromic behavior of six distinct carbazole-based polymers, structurally tailored to investigate the impact of molecular architecture on optoelectronic performance.
Electrochromic materials have garnered significant attention due to their potential applications in smart windows, energy storage devices, and displays. Among these, carbazole-based polymers stand out owing to their excellent thermal stability, ease of functionalization, and superior hole-transporting properties. 
A series of five tailored carbazole-based monomers (Figure 1) were electropolymerized potentiodynamically. Morphology of the fabricated films was studied using atomic force microscopy indicating formation of thin films with various levels of porosity. Subsequently, synthesized polymers’ electrochemical and spectral properties were evaluated using a combination of cyclic voltammetry, chronoamperometry and spectroelectrochemistry. The investigation focused on assessing key electrochromic parameters, including color transitions, optical contrast, response times and long-term cycling stability across the different polymer architectures.
By comparing the performance of these five systems, attempts at establishing structure-property relationship will be made in order to check how the chemical modifications may tune the band gap, electrochemical performance, porosity and switching kinetics of the devised systems. Ultimately, these comparative insights will contribute to the rational design of high-performance carbazole materials for next-generation electrochromic applications.



Figure 1. Structural formulas of studied monomers: (a) Carb-Phe-Carb, (b) Carb-Phe-Phe-Carb, (c) Th-Carb-Carb-Th, (d) Th-Carb-Phe-Carb-Th, (e) Th-Carb-Phe-Phe-Carb-Th.
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