
Graphene-BiVO4 based photocatalysts for the degradation of cytostatic 

drugs in water 

Luisa M. Pastrana-Martínez, Álvaro Pérez-Molina, Sergio Morales-Torres,  

Francisco J. Maldonado-Hódar 

NanoTech – Nanomaterials and Sustainable Chemical Technologies, Department of Inorganic 

Chemistry, Faculty of Science, University of Granada, Granada 18071, Spain. 

+34958248489, lpastrana@ugr.es 

 
1. Introduction – The number of patients requiring cancer treatments is increasing every year, which 

results in an increased consumption of cytotoxic drugs for their treatment. Currently, these compounds at 

concentrations of µg L-1 and ng L-1 have been detected in hospital wastewater and water of several 

countries in the world. Heterogeneous photocatalysis has demonstrated to be a promising technology for 

water treatment, while nanotechnology provides a gate for the development of novel efficient 

photocatalysts. Bismuth-based materials have attracted a significant interest due to its chemical and 

photostability, good dispersibility, low band gap, non-toxicity and so on. Nevertheless, the photocatalytic 

behaviour of Bi-photocatalysts needs to be improved, due to the fast recombination rate of 

photogenerated species [1]. To overcome this limitation, the use of graphene-based materials to prepare 

graphene-BiVO4 composites is a very interesting option, because an enhancement of the material 

properties is expected to occur due to a synergetic interaction between both phases at the nanoscale. 

 

2. Experimental – The materials were prepared by a hydrothermal method using different amounts of 

graphene oxide (GO). In a typical synthesis, Bi(NO3)3 and NH4VO3 were dissolved separately in HNO3 

aqueous solutions and stirred for 45 min at room temperature [2]. After that, these two solutions were 

mixed to obtain a yellow solid and then, a certain amount of urea and GO aqueous suspension were 

added. The composites are denoted as BiVO4-XGO, where X refer to the GO content (0.5%, 1.0%, 2.0%, 

3.0% or 5.0% wt.). Catalysts were characterized using different physicochemical techniques, such as X-

ray diffraction (XRD), transmission electron microscopy (TEM), etc. The photocatalytic activity was 

evaluated for degradation of 5 fluorouracil (5-FU) in aqueous solution under near UV-Vis irradiation. 

 

3. Results and Discussion – The XRD patterns of the prepared materials showed different diffraction 

peaks related to monoclinic BiVO4 crystalline phase (JCPDS, no. – 083-1699). The morphology of the 

BiVO4-GO composites analyzed by TEM showed a structure consisting of spherical and square particles 

of BiVO4 with GO sheets. The photocatalytic performance of synthetized materials was evaluated for the 

degradation of 5-FU (10 ppm) under near UV-Vis irradiation. The results corroborated the resistance of 

the cytotoxic drug to be degraded in absence of a photocatalyst, i.e., by only photolysis. The optimal GO 

content in terms of 5-FU degradation under near-UV/Vis irradiation was around 1.0% wt. achieving 87% 

of 5-FU degradation for 120 min. 

  

4. Conclusions – 5-FU conversion is largely favoured by the presence of GO in BiVO4, showing the 

highest activity for the BiVO4-1GO composite, containing 1.0% wt. of GO.  
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