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1. Introduction 

Developing sustainable nanomaterials with effective and innovative characteristics has been increasingly 

researched in recent years. In particular, the synthesis of graphitic carbon nitride (CN) derived catalysts is 

well documented for different applications [1]. This family of materials shows an interesting particularity 

compared to other photocatalysts due to its ability to simultaneously remove organic pollutants and activate 

oxidising agents, such as hydrogen peroxide [2]. Therefore, the exploration of these unique potentialities 

was attempted in this work to remove carbamazepine (CBZ) and acetaminophen (ACP) by photocatalysis 

and photocatalytic peroxidation. We employed dicyandiamide and urea to synthesise CN and compared the 

resulting materials with a benchmark material of titanium dioxide (TiO2). The reactions were performed on 

model solutions (ultrapure water) and spiked river waters. The impact of inorganic anions and organic 

matter was investigated to understand the degradation mechanism in representative matrices.  

 

2. Experimental 

The CN materials were synthesised by calcination in a microwave furnace, using either dicyandiamide or 

urea as the precursor, resulting in CN-D and CN-U, respectively. TiO2 was a commercial sample 

(Degussa P25). The photo-activated reactions were performed in a glass reactor equipped with four visible-

light emitting diodes (LEDs). Different dosages of H2O2, initial concentrations of contaminants and 

organic/inorganic interferents were studied. The concentration of the contaminants was followed by high-

performance liquid chromatography (HPLC). 

 

3. Results and Discussion  

The degradation of the contaminants was attempted individually and in a 

mixture using the different catalysts (CN-D, CN-U and TiO2). The best 

removal results were obtained with CN-U, owing to the increased surface 

area and enhanced charge transfer abilities seen by photoluminescence 

studies. Then, the degradation was vastly improved with the addition of 

H2O2 (Fig. 1). The peroxidation coupled with photocatalysis proved 

successful, as the first-order reaction rate constants were 4.7 times higher 

than those obtained with photocatalysis only. When employing different 

inorganic anions (i.e., Cl-, SO4
2-, and HCO3

-) the degradation rates were 

slightly enhanced owing to the higher conductivity of the solutions, 

which facilitates redox reactions. The same behaviour was observed in 

surface water as a matrix. 

 

4. Conclusions 

The removal of two recalcitrant pharmaceutical compounds in a mixture was easily achieved when 

employing the CN-U material under visible light irradiation. The addition of H2O2 proved to be very 

effective in improving the abatement of these molecules, with complete removal under 1 h of irradiation. 

Then, both photocatalysis and photocatalytic peroxidation reactions were enhanced in the presence of 

inorganic matter since those ions provide higher conductivity to the matrix and enable faster removal of the 

organic molecules and their degradation by-products. 
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Figure 1. Photocatalytic (CN-U) and photocatalytic 

peroxidation (CN-U + H2O2) of CBZ and ACP in a mixture. 

[CBZ]0 = [ACP]0 = 20 ppm, [H2O2]0 = 5 mmol L-1. 


