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Preface

Similia similibus solvuntur – Like dissolves like. Anonymous

This aphorism is used to explain that polar solvents dissolve polar solutes, 
whereas non-polar solvents dissolve non-polar solutes. It appeared in the Corpus 
Pharmaceutico-Chymico-Medicum Universale in 1711.

Deep Eutectic Solvents (DES) are liquid mixtures at ambient conditions, for 
which the eutectic point temperature is lower than that of the ideal mixture. Initially 
considered as a sub-class of ionic liquids, eutectic mixtures are formed by low cost, 
often biodegradable Lewis or Bronsted acids and bases. As a consequence, a large 
number of possible deep eutectic solvents can be designed and synthesized for 
green chemistry. DES have thus recently attracted academic and industrial interest 
for various applications such as metal processing, biomass treatment and pharma-
ceuticals. Since the expression Deep Eutectic Solvent was coined in Prof. Abbott’s 
paper in 2003, the number of related publications has increased exponentially, 
reaching about one thousand in 2019. This book gathers contributions by the most 
active research groups that use eutectic mixtures for separation, extraction and med-
ical applications. The reader will discover ground-breaking results in different 
disciplines.
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The first chapter by El Achkar et al. presents an overview of DES and their physi-
cochemical properties. Chapter 2 by Nguyen et al. reviews pharmaceutical applica-
tions and toxicity of DES for living organisms and the environment. A new system 
prepared with an active pharmaceutical ingredient, named therapeutic deep eutectic 
systems (THEDES), is described by Filipa Santos and Ana Rita C. Duarte in Chap. 
3. Understanding of how DES dissolve various solutes is of major importance for 
further use, as explained in Chap. 4 by Moura et al. who review the solubility of 
gases in DES. Chapter 5 by Byrne et al. discloses new hydrophobic DES, formed by 
mixing fatty acids with ammonium or phosphonium salts, thus conferring hydro-
phobicity without fluorinated species. These solvents appear promising for gas cap-
ture and liquid-liquid extraction. Chapter 6 by Nakhle et  al. presents extraction 
methods that use deep eutectic solvents. Then, extraction of polyphenols by DES 
and a review of recent DES applications is presented by Percevault et al. in Chap. 7.

The editors extend their thanks to all the authors who contributed to this book for 
their efforts in producing timely and high-quality chapters. The creation of this book 
would not have been possible without the assistance of several friends deserving 
acknowledgment. They have helped by choosing contributors, reviewing chapters 
and in many other ways. Finally, we would like to thank the staff at Springer Nature 
for their highly professional editing of the book.

Dunkerque, France� Sophie Fourmentin

Lyon, France� Margarida Costa Gomes

Aix-en-Provence, France� Eric Lichtfouse

Preface

https://doi.org/10.1007/978-3-030-53069-3_2
https://doi.org/10.1007/978-3-030-53069-3_3
https://doi.org/10.1007/978-3-030-53069-3_4
https://doi.org/10.1007/978-3-030-53069-3_5
https://doi.org/10.1007/978-3-030-53069-3_6
https://doi.org/10.1007/978-3-030-53069-3_7


vii

Contents

	1	�� Understanding the Basics and Properties  
of Deep Eutectic Solvents�������������������������������������������������������������������������       1
Tracy El Achkar, Hélène Greige-Gerges, and Sophie Fourmentin

	2	�� Deep Eutectic Solvents for Innovative  
Pharmaceutical Formulations�����������������������������������������������������������������     41
Canh-Hung Nguyen, Luc Augis, Sophie Fourmentin,  
Gillian Barratt, and François-Xavier Legrand

	3	�� Therapeutic Deep Eutectic Systems  
for the Enhancement of Drug Bioavailability�����������������������������������������   103
Filipa Santos and Ana Rita C. Duarte

	4	�� Solubility of Gases in Deep Eutectic Solvents�����������������������������������������   131
Leila Moura, Laura Kollau, and Margarida Costa Gomes

	5	�� Hydrophobic Deep Eutectic Solvents �����������������������������������������������������   157
Emily L. Byrne, Mark Gilmore, Leila Moura,  
Małgorzata Swadźba-Kwaśny, and John D. Holbrey

	6	�� Methods for Extraction of Bioactive Compounds  
from Plant and Animal Matter Using Deep Eutectic Solvents�������������   183
Lamia Nakhle, Miriana Kfoury, Isabelle Mallard, David Landy,  
and Hélène Greige-Gerges

	7	�� Extraction of Plant and Algal Polyphenols  
Using Eutectic Solvents�����������������������������������������������������������������������������   241
Lucie Percevault, Emmanuelle Limanton, Fabienne Gauffre,  
Corinne Lagrost, and Ludovic Paquin

��Index�������������������������������������������������������������������������������������������������������������������   307

https://doi.org/10.1007/978-3-030-53069-3_1
https://doi.org/10.1007/978-3-030-53069-3_1
https://doi.org/10.1007/978-3-030-53069-3_1
https://doi.org/10.1007/978-3-030-53069-3_2
https://doi.org/10.1007/978-3-030-53069-3_2
https://doi.org/10.1007/978-3-030-53069-3_2
https://doi.org/10.1007/978-3-030-53069-3_3
https://doi.org/10.1007/978-3-030-53069-3_3
https://doi.org/10.1007/978-3-030-53069-3_3
https://doi.org/10.1007/978-3-030-53069-3_4
https://doi.org/10.1007/978-3-030-53069-3_4
https://doi.org/10.1007/978-3-030-53069-3_5
https://doi.org/10.1007/978-3-030-53069-3_5
https://doi.org/10.1007/978-3-030-53069-3_6
https://doi.org/10.1007/978-3-030-53069-3_6
https://doi.org/10.1007/978-3-030-53069-3_6
https://doi.org/10.1007/978-3-030-53069-3_7
https://doi.org/10.1007/978-3-030-53069-3_7
https://doi.org/10.1007/978-3-030-53069-3_7


ix

About the Editors

Sophie  Fourmentin  works at Université du Littoral 
Côte d’Opale, Dunkerque, France. She conducts 
research on the interface between supramolecular 
chemistry and environmental chemistry. Her group 
first published a paper on deep eutectic solvent with 
supramolecular properties in 2019. Prof. Fourmentin 
supervised and/or co-supervised 12 PhD students, 20 
Master students and 2 postdoctoral fellows. She has 
now 122 publications listed in Scopus, with a total of 
2441 citations and an h-factor of 31. Prof. Fourmentin 
also holds a patent and coordinated three books. She is 
the President of the French Cyclodextrin Society.

Margarida Costa Gomes  is a Physical Chemist and 
Chemical Engineer working at the French National 
Centre for Scientific Research in Lyon, France. Her 
current research interests in the field of molecular ther-
modynamics of fluids and solutions aim to contribute 
to greener and more sustainable chemical processes by 
using environmentally friendly solvents like ionic liq-
uids or eutectic mixtures. She was awarded the CNRS 
Bronze Medal and was an invited Researcher at the 
Institute of Chemical and Biological Technology, 
Portugal, and she is a visiting scholar at the 
Massachusetts Institute of Technology, USA, where 
she maintains a position as Research Affiliate. Prof. 
Costa Gomes has supervised or co-supervised 26 PhD 
theses and 19 postdoctoral researchers and has pub-
lished more than 140 papers with a WoS h-index of 42.



x

Eric Lichtfouse  is a Biogeochemist working on cli-
mate, pollution and carbon sequestration at Aix-
Marseille University, France, and Xi’an Jiaotong 
University, China. He has invented carbon-13 dating 
and has discovered temporal pools of individual sub-
stances in soils. Prof. Lichtfouse is teaching scientific 
writing and communication and has published the 
book Scientific Writing for Impact Factors. He is 
Founder and Chief Editor of the journal Environmental 
Chemistry Letters. Prof. Lichtfouse got the Analytical 
Chemistry Prize from the French Chemical Society, 
the Grand Prize of the Universities of Nancy and Metz, 
and a Journal Citation Award by the Essential 
Indicators. He is World XTerra Vice-Champion.

About the Editors



xi

Luc  Augis  Université Paris-Saclay, CNRS UMR 8612, Institut Galien Paris-
Saclay, Châtenay-Malabry, France

Gillian Barratt  Université Paris-Saclay, CNRS UMR 8612, Institut Galien Paris-
Saclay, Châtenay-Malabry, France

Emily L. Byrne  The QUILL Research Centre, School of Chemistry and Chemical 
Engineering, Queen’s University Belfast, Belfast, UK

Margarida  Costa  Gomes  Chemistry Laboratory ENS Lyon, CNRS & Lyon 
University, Lyon, France

Ana Rita C. Duarte  LAQV, REQUIMTE, Departamento de Química da Faculdade 
de Ciências e Tecnologia, Universidade Nova de Lisboa, Caparica, Portugal

Tracy El Achkar  Bioactive Molecules Research Laboratory, Faculty of Sciences, 
Lebanese University, Beirut, Lebanon

Unité de Chimie Environnementale et Interactions sur le Vivant (UCEIV, UR 4492), 
SFR Condorcet FR CNRS 3417, Université du Littoral Côte d’Opale, 
Dunkerque, France

Sophie  Fourmentin  Unité de Chimie Environnementale et Interactions sur le 
Vivant (UCEIV, UR 4492), SFR Condorcet FR CNRS 3417, Université du Littoral 
Côte d’Opale, Dunkerque, France

Fabienne Gauffre  Univ Rennes, ISCR, CNRS UMR 6226, Rennes, France

Mark Gilmore  The QUILL Research Centre, School of Chemistry and Chemical 
Engineering, Queen’s University Belfast, Belfast, UK

Hélène  Greige-Gerges  Bioactive Molecules Research Laboratory, Faculty of 
Sciences, Lebanese University, Beirut, Lebanon

John D. Holbrey  The QUILL Research Centre, School of Chemistry and Chemical 
Engineering, Queen’s University Belfast, Belfast, UK

Contributors



xii

Miriana Kfoury  Bioactive Molecules Research Laboratory, Faculty of Sciences, 
Lebanese University, Jdaidet el-Matn, Lebanon

Laura  Kollau  Chemistry Laboratory ENS Lyon, CNRS & Lyon University, 
Lyon, France

Corinne Lagrost  Univ Rennes, ISCR, CNRS UMR 6226, Rennes, France

David  Landy  Unité de Chimie Environnementale et Interactions sur le Vivant 
(UCEIV, UR 4492), SFR Condorcet FR CNRS 3417, Université du Littoral Côte 
d’Opale (ULCO), Dunkerque, France

François-Xavier  Legrand  Université Paris-Saclay, CNRS UMR 8612, Institut 
Galien Paris-Saclay, Châtenay-Malabry, France

Emmanuelle Limanton  Univ Rennes, ISCR, CNRS UMR 6226, Rennes, France

Isabelle Mallard  Unité de Chimie Environnementale et Interactions sur le Vivant 
(UCEIV, UR 4492), SFR Condorcet FR CNRS 3417, Université du Littoral Côte 
d’Opale (ULCO), Dunkerque, France

Leila Moura  The QUILL Research Centre, School of Chemistry and Chemical 
Engineering, Queen’s University Belfast, Belfast, UK

Lamia  Nakhle  Bioactive Molecules Research Laboratory, Faculty of Sciences, 
Lebanese University, Jdaidet el-Matn, Lebanon

Unité de Chimie Environnementale et Interactions sur le Vivant (UCEIV, UR 4492), 
SFR Condorcet FR CNRS 3417, Université du Littoral Côte d’Opale (ULCO), 
Dunkerque, France

Canh-Hung Nguyen  Université Paris-Saclay, CNRS UMR 8612, Institut Galien 
Paris-Saclay, Châtenay-Malabry, France

Department of Pharmaceutics, Hanoi University of Pharmacy, Hanoi, Vietnam

Ludovic Paquin  Univ Rennes, ISCR, CNRS UMR 6226, Rennes, France

Lucie Percevault  Univ Rennes, ISCR, CNRS UMR 6226, Rennes, France

Filipa Santos  LAQV, REQUIMTE, Departamento de Química da Faculdade de 
Ciências e Tecnologia, Universidade Nova de Lisboa, Caparica, Portugal

Małgorzata Swadźba-Kwaśny  The QUILL Research Centre, School of Chemistry 
and Chemical Engineering, Queen’s University Belfast, Belfast, UK

Contributors


	Preface
	Contents

