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Abstract
The development of efficient and stable catalyst for the oxygen reduction reaction (ORR) is a one of standing challenge in sustainable energy conversion. To date, expensive noble metals show good activity but their high cost, less availability and low durability hindered their large scale applications 1. Therefore, present work is focused on exploring easily synthesized, cost effective and scalable high surface area porous organic polymers in ORR electrocatalysis.
Herein phosphorus based hypercrosslinked polymer (HCP-PPh3) was prepared from triphenyl phosphine via single step Friedel-Crafts strategy 2. It exhibits high surface area (>700 m2g-1) and hierarchical pores distribution. ORR electrocatalytic activity of HCP-PPh3 particles, immobilized together with carbon nanoparticles (Vulcan XC-72) in Nafion film on glassy carbon (GC) electrode, was evaluated by cyclic voltammetry in O2 saturated alkaline electrolyte. The positive onset potential shift (160 mV) along with a significant increase of cathodic current density as compared to bare GC is seen for this nonmetalated polymer. These findings inspired us to incorporate atomically dispersed palladium within phosphorus rich framework (HCP-Pd) from tetrakis(triphenylphosphine) palladium (0) via the same single step Friedel Craft method 3. Such change of structure produced further decrease of overpotential (50 mV) signifying the role of single atom catalyst. This work paves an avenue for designing low-cost, scalable phosphorus based non-metallic ORR electrocatalyst and further increase their catalytic activity by insertion of single metal atom via single step synthesis. 
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Figure 1: Linear sweep voltammogram obtained with bare GC electrode and modified with nonmetalated and Pd containing HCP particles encapsulated in Nafion together with Vulcan-XC72 in O2 sat. 0.1 M KOH (aq.) at scan rate of 10 mV s-1. 
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