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A B S T R A C T   

About 20 years ago, Abbott and co-workers researched new solvents that were based on mixtures of choline chloride with urea and carboxylic acids and that were 
liquid at ambient temperature. The term “deep eutectic solvent” (DES) was later adopted for similar mixtures. As DESs have a number of interesting features, they 
quickly attracted the attention of researchers and found application in various branches of chemical and materials research. To date, various definitions of DES have 
been proposed. Nevertheless, there are still differing views among researchers on what a DES really is and what exact properties a mixture must have in order to be 
included into this group. The prefix “deep” should only be used for deep eutectic solvents with melting points significantly below ideal predictions. Otherwise, the 
simpler term “eutectic solvent” (ES) should be used. It therefore follows that in order to correctly assign a solvent to the DES or ES group, a phase diagram must be 
available to evaluate the deviation from the ideality, as well as to quantify the DES’s liquid window. The term DES is now commonly used in analytical chemistry, but 
authors rarely go into a detailed examination of a DES from the viewpoint of whether it actually is a DES or an ES. Instead, they logically focus mainly on the 
analytical part, that is, on taking advantage of the benefits that the DES provides. Therefore, it may happen that the solvent used is designated as a DES, even if it does 
not meet all the necessary requirements. Of course, we cannot or should not expect analytical chemists to do a detailed study of the physical properties of DESs in 
addition to solving analytical tasks, although we should encourage analysts to pay due attention to the correct use of the terms (D)ES in their publications, as it would 
certainly help further development in the utilization of DESs in various areas, not just in analytics.   

About 20 years ago, Abbott and co-workers researched new solvents 
that were based on mixtures of choline chloride with urea [1] and car
boxylic acids [2] and that were liquid at ambient temperature. The term 
“deep eutectic solvent” (DES) was later adopted for similar mixtures 
[1,3]. As DESs have a number of interesting features (the tuneability of 
their physicochemical properties according to the desired application 
being just one example), they quickly attracted the attention of re
searchers and found application in various branches of chemical and 
materials research. The Scopus database currently returns more than 
6,200 hits based on the keyword “deep eutectic solvent” [4]. 

To date, various definitions of DES have been proposed. Neverthe
less, there are still differing views among researchers on what a DES 
really is and what exact properties a mixture must have in order to be 
included into this group. Generally speaking, a deep eutectic solvent is a 
mixture of two or more compounds, a combination of a hydrogen bond 
donor (HBD) and a hydrogen bond acceptor (HBA), that has a lower 
melting point than those of their individual components [5]. In spite of 
this, several authors have pointed out that the existence of hydrogen 
bonding and a eutectic point, as well as the melting point decreasing, are 
not sufficient to designate a mixture as a DES [6]. We do not wish to 

engage in this discussion, as it goes beyond our expertise; we would 
merely like to summarize some previous views on this issue, especially 
from the perspective of analytical chemistry. 

According to [6], a deep eutectic solvent is a mixture of two or more 
pure compounds for which the eutectic point temperature is below that 
of an ideal liquid mixture, presenting significant negative deviation from 
ideality. The prefix “deep” should therefore only be used for deep 
eutectic solvents with melting points significantly below ideal pre
dictions [7]. Otherwise, the simpler term “eutectic solvent” (ES) should 
be used [6–8]. 

It therefore follows that in order to correctly assign a solvent to the 
DES or ES group, a phase diagram must be available to evaluate the 
deviation from the ideality, as well as to quantify the DES’s liquid 
window [9,10]. Unfortunately, only a small number of works has been 
devoted to phase diagrams, in contrast to the many articles on their 
application. Furthermore, it would be useful to address some other key 
issues, such as the formation of DESs, the nature of the interactions 
between their components, etc., which could also be helpful for further 
progress in the utilization of these new solvents in various fields. 

The use of DESs in analytical chemistry began later, from about the 
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middle of the last decade 
nevertheless, the number of publications devoted to the use of DESs 

in this area of research is rapidly increasing [11]. The term DES is now 
commonly used in analytical chemistry, but authors rarely go into a 
detailed examination of a DES from the viewpoint of whether it actually 
is a DES or an ES. Instead, they logically focus mainly on the analytical 
part, that is, on taking advantage of the benefits that the DES provides. 
Therefore, it may happen that the solvent used is designated as a DES, 
even if it does not meet all the necessary requirements. 

According to the phase diagrams for binary mixtures, the eutectic 
point occurs mainly at one specific HBA:HBD molar ratio. In most works, 
only selected HBA:HBD molar ratios, such as 1:1, 1:2, etc., were inves
tigated. For the purposes of analytical chemistry, only mixtures that are 
liquid at ambient temperature are of interest [12]. Therefore, more than 
the exact composition of the eutectic mixture, the so-called liquid win
dow (the composition ranges at which they are in the liquid state) is 
more important [6,7]. This allows for the tunability of their physico
chemical properties depending on the specific application. 

1. Concluding remarks 

At the heart of the opinion is the need to unify the use of the ter
minology employed in basic and applied DES research. What is our 
recommendation for analytical chemists? Researchers should review in 
detail previously published articles on solid–liquid phase diagrams of 
DESs that they have used, and if there are similar articles, the conclu
sions from them, such as melting point and especially a decrease in the 
melting point compared to the ideal solution, should be given. In the 
other case, it would be more appropriate to use the term ES instead of 
DES. 

We must also think about the consequences of a similar approach, 
especially that such a change would complicate literature searches in 
databases, as researchers who are accustomed to the term DES would 
continue to search based on this keyword and not find new, relevant 
articles in which the more correct but lesser-known term ES is used 
instead of DES. This is why it may be useful to include the word “deep” at 
least in the keywords. 

Of course, we cannot or should not expect analytical chemists to do a 
detailed study of the physical properties of DESs in addition to solving 
analytical tasks, although we should encourage analysts to pay due 
attention to the correct use of the terms (D)ES in their publications, as it 
would certainly help further development in the utilization of DESs in 
various areas, not just in analytics. 

We would like to know the opinion of analytical chemists on this 
issue, and we welcome them to join this discussion. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 

interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

V.A. would like to express his thanks to the Scientific Grant Agency of 
the Ministry of Education, Science, Research and Sport of the Slovak 
Republic (VEGA 1/0220/21). J.P.W would like to thank to the National 
Science Centre of Poland for the financial support given within the grant 
project (No.: DEC-2020/37/B/ST4/02886). P.M.C would like to thank 
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