Iron-Doped Copper-Based Metal-Organic Framework (Fe-Cu-BDC) as a Bimetallic Electrocatalyst for Selective CO2 Reduction

Mohamed Abdelrahman, Renata Bilewicz, Krzysztof Stolarczyk
Faculty of Chemistry, University of Warsaw
Pasteura 1, 02-093 Warsaw, Poland
m.abdelrahman@uw.edu.pl

The electrochemical reduction of CO2 (CO2RR) represents a compelling strategy to simultaneously mitigate greenhouse gas emissions and store renewable energy in value-added chemical feedstocks. However, the rational design of electrocatalysts that combine high activity, product selectivity, and long-term operational stability remains a formidable challenge. Metal-organic frameworks (MOFs) have recently attracted significant attention as CO2RR candidates owing to their exceptionally high surface areas, tunable porosity, well-defined metal active sites, and rich chemical functionality.

[bookmark: _GoBack]In this work, we report the synthesis and electrochemical evaluation of a series of iron-doped copper-terephthalate MOFs (Fe-Cu-BDC, BDC = 1,4-benzenedicarboxylate) as bimetallic electrocatalysts for CO2 reduction. Fe-Cu-BDC materials with Fe loadings ranging from 0 to 30 mol% were prepared via a facile room-temperature co-precipitation route in dimethylformamide (DMF). The resulting materials were comprehensively characterised by powder X-ray diffraction (PXRD), scanning electron microscopy coupled with energy-dispersive X-ray spectroscopy (SEM/EDS), transmission electron microscopy (TEM), and X-ray photoelectron spectroscopy (XPS), confirming the successful incorporation of Fe into the Cu-BDC framework and revealing the coexistence of Cu2+ and Fe2+/3+ oxidation states. Electrochemical measurements were conducted by linear sweep voltammetry (LSV) in CO2-saturated 0.5 M KHCO3 with catalyst films drop-cast onto carbon paper electrodes. Among all compositions examined, the 20% Fe-Cu-BDC catalyst demonstrated the highest CO2RR activity, delivering a current density of 5.31 mA cm−2 at −0.5 V vs. RHE with a CO2RR selectivity exceeding 83%, and a beneficial anodic potential shift of +210 mV compared to the hydrogen evolution reaction at 10 mA cm−2. Furthermore, the 20% Fe-Cu-BDC electrode exhibited exceptional long-term stability over 24 hours of continuous chronoamperometric operation under CO2 atmosphere.

These findings demonstrate that controlled Fe incorporation into the Cu-BDC framework effectively tunes the electronic structure of copper active sites, suppresses the competitive hydrogen evolution reaction, and generates a synergistic bimetallic environment that substantially enhances CO2RR performance. This work establishes bimetallic MOF-based materials as a versatile and promising platform for the sustainable electrochemical conversion of CO2.
