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This thesis is part of the development of sustainable processes for water purification, with a 

focus on the green synthesis of semiconductor nanomaterials based on zinc oxide (ZnO), 

magnesium oxide (MgO) and Zn₁₋ₓMgₓO nanocomposites. The materials were developed from 

extracts of Retama sphaerocarpa (RT), used as reducing agents, stabilisers and modulators of 

structural and optical properties.  

 

The nanoparticles (NPs) and nanocomposites (NCs) obtained were characterised using various 

techniques (XRD, FTIR, SEM/EDS, BET and UV-Vis), confirming the formation of pure crystalline 

phases and the reduction in the band gap, attributed both to the effect of the phytochemical 

compounds in the plant extract and to the formation of the NCs.  

 

The photocatalytic efficiency of the synthesised semiconductors was evaluated for the 

degradation of Linuron (LNR), a persistent herbicide from the phenylurea family, in aqueous 

solution under different irradiation sources, including sunlight.  

Spectrophotometric analyses (UV-Visible, HPLC) were used to monitor the evolution of LNR in the 

presence of catalysts.  

 

Preliminary studies have shown that LNR is weakly photolysable under simulated or solar UV-

A irradiation, highlighting the need for an effective catalyst. Photocatalysts biosynthesised from RT 

plant extracts (RT-ZnO) showed remarkable activity, with the RT-ZnO1 sample achieving 95% 

degradation of LNR after 300 minutes under 365 nm irradiation. This performance was superior to 

that of chemical ZnO and samples with a high plant extract content. Optimisation of the 

experimental parameters established that a catalytic dose of 0.5 g/L, a neutral pH and sunlight are 

the optimal conditions. Furthermore, RT-ZnO1 showed excellent stability, good reusability and a 

mineralisation capacity of up to 80% after 8 hours, confirming its strong potential for the sustainable 

decontamination of water polluted by organic pollutants.  

 

In order to improve photocatalytic performance, ZnO was combined with MgO to form Zn1-

xMgₓO NCs using a green process. The influence of the Zn and Mg substitution ratio (x = 0.2 ; 0.5 ; 

0.8) on the degradation efficiency of LNR was studied. The RT-Zn0.5Mg0.5O NCs showed the best 

activity, ensuring complete degradation of LNR in 180 min and 95% mineralisation of TOC under 

solar irradiation. Hydroxyl radicals (•OH) were identified as the main reactive species. Tests carried 

out in natural waters confirmed the stability, durability and reusability of RT-Zn0.5Mg0.5O, 

demonstrating its strong potential for real-world environmental applications.  

 

This work shows that green synthesis combined with the design of ZnO/MgO NCs is an 

effective, environmentally friendly and economically viable approach to developing high-

performance, sustainable photocatalysts that can be used in water purification and other 

environmental and energy applications.  
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