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Abstract

This thesis presents a comprehensive theoretical and analytical study on Deep
Eutectic Solvents (DESs), aiming to deconstruct their thermodynamic
foundations and evaluate their application efficiency in environmental sectors.
The first chapter elucidates the microscopic mechanism behind the sharp
depression in melting points, resulting from the decrease in the chemical potential
of the mixture and the negative deviation from ideal behavior, in tandem with the
formation of a hydrogen-bonded network between hydrogen bond acceptors
(HBAs) and hydrogen bond donors (HBDs) that disrupts the crystal lattice energy
of the pure substances and stabilizes the liquid phase, additionally reviewing their
five modern classifications alongside their physicochemical properties.
Meanwhile, the second chapter focuses on a comparative analysis of the
outcomes of employing these solvents particularly Natural Deep Eutectic
Solvents (NADES) and Hydrophobic DESs in wastewater purification, industrial
gas capture, and organic waste valorization, based on research published between
2024 and 2026. Ultimately, the thesis concludes by identifying structural
limitations, such as high viscosity and self-hygroscopicity, while offering
recommendations that support computer-aided simulations and the development
of closed-loop strategies for solvent recycling and recovery.

Keywords: Deep Eutectic Solvents, Hydrogen Bonding, Environmental
Applications.
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Mechanism of Antibiotic Removal from Wastewater by Choline-Based Deep Eutectic Solvents
Modified Biochar
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Yue Zhao, Yunze Li, Xingwang Li, Qingxin Xue, Xinyao Yang, Jing Tong. (2026).
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Effectiveness of acidic deep eutectic solvents in recovery of hazardous base metals from waste

printed circuit boards.
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Emmanuel Anuoluwapo Oke- Johannes Herman Potgieter (2025).
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Deep eutectic solvent-based molecularly imprinted polymer for the selective adsorption of
emtricitabine in contaminated water.
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Keamohetse Asmiralda Makgoana-Alex Tawanda Kuvarega. Kutloano Edward Sekhosana.

Lawrence Mzukisi Madikizela (2025).
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Phosphorylated sawdust synthesized via guanidine phosphate deep eutectic solvent: preparation

and its dye adsorption performance.
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Hao Li. Lebin Zhao. Wen Chen. Zhubao Shao. Kaitao Zhang (2026).
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Enhancing green recovery of Nd and Fe using TGA-ChCl DES and vermiculite: sustainable
leaching of NdFeB magnets with deep eutectic solvents (DES).
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Low-viscosity deep eutectic solvent composed of EmimClI and 4-methyli midazole for SO-
absorption: Synthesis, DFT studies, reaction

il L g il gall
JinBo Xu, Liming Cheng, Shaohe Wang, Yonghui Liu, Jun Du. 2026
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Construction of a type II/III deep eutectic solvent/Pebax membrane for efficient CO2 and N>
separation: Unraveling the synergistic mechanism of multisite cooperation for enhanced CO»
transport.
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Jiahao Qin, Yan Dai, Huahao Wang, Qiaoyun Hu, Minggang Guo, Yongzhe Zhou, Yuan Xi,
Shiqi Huang, Li Zhang, Gaohong He. 2026.
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Insight into the synergistic SOz removal by activated carbon loaded with amino acid based deep

eutectic solvents: Mechanism, DFT calculation.
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Yueying Li, Xinxin Xiao, Hua Li, Guangyue Li, Liangbin Dou, Lu Tian, Jingyang Chen,
Xingxing Chen, Jianglong Yu, Jinxiao Dou. 2026.
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Synergistic CO» adsorption in MCM-41 via pore-confined choline chloride-urea deep eutectic
solvent.
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A. Ghenid, Islam Md Rizwanul Fattah, Nalan Tiirk6z Karakulluk¢u.2026.
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Experimental Evaluation of CO2 Absorption and Thermophysical Properties of TBAB-Based
Deep Eutectic Solvents with Amine and Acid Donors.
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Novel Phase-Change Deep Eutectic Solvents: Experimental Investigation of Physicochemical
Properties and CO, Capture Performance.
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Jing Fan, Jingfan Huang, Fenhong Song, Nan He, Xu Wang. 2026.
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Environmental assessment of olive tree pruning valorization via deep eutectic Solvents: Toward
a circular and sustainable biorefinery model.
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Deconstruction of lignite macromolecular network via DMF-assisted deep eutectic solvents for
directed pyrolysis valorization.
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Xiaoqin Wu, Wen-Ying Li. 2026.
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Sustainable valorization of Inonotus obliquus via temperature-gated natural deep eutectic
solvents extraction: Polysaccharide-antioxidant partitioning.
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Natural deep eutectic solvent for cellulose isolation from almond shell powder: A sustainable
approach for by-product valorization.
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Unlocking dual lignin valorization from moso bamboo via ethylene glycol-tuned deep eutectic
solvent fractionation.
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From biomass deconstruction to reactive plasticization: A trifunctional l-cysteine deep eutectic
solvent for the closed-loop valorization of tea stems.
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Usama Shakeel, Ying Zeng, Furong Zheng, Jiaqi Guo, Wenyuan Zhu, Mohammad Rizwan
Khan, Mohamed El-Sakhawy, Carolina Krebs de Souza, Junlong Song. 2026.
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Deep cutectic solvent assisted synthesis of Fe-doped ZnO nanoparticles with enhanced
pseudocapacitive performance for stability asymmetric supercapacitors.
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green synthesis approach using deep eutectic solvents to synthesize the MIP-AuAg/rGO as an
electrochemical sensor for acetaminophen: Experimental and theoretical studies.
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Chin-Chun Hsu, Pin-Hsuan Wu, Yu-Kai Chen, Yi-Ting Hsieh, Shih-1. Lu. 2025.
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Green synthesis of Mn3O4 nanoparticles in zinc chloride: Urea: acetamide deep eutectic solvent-

characterization, fluorescence sensing, antibacterial and antioxidant properties-
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A. Vijayakumar, Akash Chacko, P. Jayaprakash. 2025.
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