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Introduction 
The reduction of CO2 using different techniques represents a promising technology 

in the ongoing efforts to manage carbon dioxide emissions. One of the most intriguing 
technologies is CO2 electrochemical reduction (CO2-ER) into carbon-based products, which is 
currently undergoing deep investigation. Although CO2-ER has great potential for 
environmental applications, many holdbacks are present regarding energy efficiency, reaction 
selectivity, and overall conversion rate. Electrocatalytic materials must be developed to address 
the aforementioned drawbacks in the CO2 electrochemical process. Here, we present an 
innovative composite material composed of graphitic carbon nitride (CN) properly 
functionalized with metal nanoparticles, such as copper and hydroxyapatite nanorods (HAP). 
Carbon nitride is a conductive and supportive material, and thanks to its porous structure, it 
can be easily functionalized. HAP, a calcium phosphate mineral with highly versatile properties, 
has recently gained attention in material science and environmental applications both as an 
adsorbent and as an acid-base catalyst. An innovative and effective electrocatalyst can be 
obtained by combining different materials with different properties and features. It may be 
employed in CO2-ER in order to decrease the total overpotential and to increase faradic 
efficiency towards added value molecules, particularly C1 molecules such as methane and 
formic acid. 
Materials and Methods 

Carbon nitrides (CNs) were synthesized by pyrolysis (450°C, N2) of a covalent organic 
framework (COF) obtained through the polymerization of melamine with piperazine-aldehyde 
via imine formation. Copper nanoparticles (20% wt) were inserted into the carbon structure 
through hydroxyquinone as a ligand within a framework system1. HAP was obtained through 
the inverse co-precipitation of calcium nitrate and ammonium phosphate at a controlled 
temperature (80°C) and basic pH. The final composite material was obtained following a 
stepwise procedure to ensure the maximum dispersion of HAP (20% wt) with Cu@CN 
materials2. Morphological (SEM and TEM), spectroscopic (FT-IR), spectrophotometric (XPS), and 
thermal (TGA-DSC) analyses were performed on the obtained Cu@CN and HAP_Cu@CN 
catalysts. Additionally, liquid-solid acid-base titrations were conducted in different solvents 
with basic or acid probes using a volumetric apparatus that included a modified HPLC 
equipment connected to a UV detector. The electrochemical tests and characterizations were 
carried out using a standard H-type cell. Liquid and gas products were analyzed through 1H-
NMR and GC (FID-TCD detectors), respectively.  

 
Results and Discussion 

Cu@CN and HAP_Cu@CN are materials that exploit the singular features of their 
components to promote a more efficient reduction of carbon dioxide towards methane and 
formic acid, compared with other copper-carbon based catalysts such as multi-walled carbon 

nanotubes (MWCNT) or copper-zinc alumina material (CZA). Electrochemical investigations 
were performed using a three-electrode cell, in a 0.1 M KHCO3 aqueous solution, comprising a 
working electrode (carbon paper polished with the catalyst), a reference electrode (saturated 
Ag ׀AgCl) and a counter electrode (Pt wire) (Fig.1, a). Linear sweep voltammetry (LSV) curves 
show a net increase in the current density slope at potentials lower than −1.5 V (vs Ag ׀AgCl) 
when HAP is present in the catalyst, indicating that admixing with HAP results in a slight increase 
in the activity of the systems. To highlight the products formed in the presence of catalysts, a 
1-hour chronoamperometric (CA) test was performed. Despite the inevitable presence of the 
parasitic hydrogen evolution reaction (HER), the catalysts showed CO2ER activity. The relative 
faradic efficiencies (FE) of HER and CO2ER are consistent with LSV data, showing a predominant 
HER at a lower cathodic potential than -1.5 V (vs Ag׀AgCl). For Cu@CN and HAP_Cu@CN, H2 FE 
decreased significantly by increasing cathodic potential, while other copper-based catalysts 
showed low catalytic activity and hydrogen production. Focusing on the performance of the 
composite with HAP and CN, the catalyst showed significant FE towards formic acid (Fig.1, b): 
at cathodic potential such as -1.8 V (vs Ag׀AgCl) selectivity reached 55%, proving that the apatite 
may influence the reaction mechanism through the presence of different acidic and basic sites. 
The composite material showed promising results in CO2RR towards methane or formic acid, 
important C1 added-value molecules, that have applications in the energy field or in chemical 
transformations. 

Figure 1 a) Scheme of the electrochemical setup: H-Cell type with cathodic chamber (right) and anodic chamber (left); 
b) Faradic Efficiency (%) for CO2-ER in potentiostatic conditions (-1.8 V vs Ag׀AgCl), 1 h, RT in 0.1 M KHCO3 electrolyte solution 
of different electrocatalyst. 
 

Significance 
This work proposes an innovative composite material that can be applied in an 

electrocatalytic system in the reaction of CO2 mitigation. 
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