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Deep eutectic solvent (DES) are a highly non-ideal mixture of two biodegradable components (HBA and HBD)

associated with strong hydrogen bonding interactions.

deep eutectic solvents physicochemical properties applications

| 1. Definition

Generally, deep eutectic solvent (DES) are a highly non-ideal mixture of two biodegradable components (HBA and
HBD) associated with strong hydrogen bonding interactions. The resulting liquid will have a melting point lower
than the melting points of both HBA and HBD. They are broadly defined as liquid produced due to greater
depression in the freezing point. Most DESs are a combination of quaternary ammonium salt, as HBA and HBD
have the ability to form hydrogen bonding with HBA (2. DESs were first introduced in 2003 by Abbott et al. for the
mixture of ChCl (HBA) and urea (HBD) [&. They showed that clear, deep eutectic liquid formed when ChCI with a
melting point of 302 °C and urea with a melting point of 133 °C are mixed together in a definite molar ratio. The
melting points of DESs were found to decrease to very low levels, around 12 °C, which is lower than the melting
point of the two mixing compounds. According to this definition, many DESs have been prepared and applied as a
solvent in organic reactions, extraction of dyes, protein, nucleic acids, metals, azeotropic separation, and more (3114
[BI81 The list of HBAs and HBDs commonly used to prepare DESs is listed in Figure 1. The SciFinder analysis
dated 31st December 2021 displayed 7226 publications for the term “Deep Eutectic Solvents”. It is evident from
Figure 1 that the maximum publications were reported in 2021, and research in the subject of DESs is

continuously growing.
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Figure 1. Number of publications per year for term deep eutectic solvents.

| 2. Method of Preparation

As discussed in the introduction, DESs are prepared by 100% atom economy route, as it involves simple mixing of
HBA and HBD, and all other steps such as purification and waste disposal were eliminated or not required. (i) The
most common preparation method, HBA and HBD of DESs, were heated and continuously stirred together in an
inert atmosphere until homogeneous liquids were formed 2. (ii) In the second approach, the evaporating method,
the DES components were first dissolved in water. The water was then evaporated under vacuum at 323 K. The
resultant mixture was kept in the desiccator until the attainment of stable weight. (iii) In the grinding method, solid
HBA and HBD were added to a mortar kept in a glove box under an inert nitrogen atmosphere and ground
continuously until a homogeneous transparent liquid was formed . (iv) In the freeze-drying technique, HBA and
HBD were first dissolved in water (5 wt%). The two aqueous solutions are mixed and then frozen. After that, the

mixture was kept freeze-dried to obtain homogeneous and clear liquid [£!.

2.1. Types of Deep Eutectic Solvent (DES)

DESs were presented using the general formula: R*A™xB, where R* is ammonium, sulfonium, and phosphonium
cation core. A and B are Lewis base with halide anion and Levis acid, respectively [Bl. The complex formation is
observed between x and Lewis or Brgnsted acid B (x defined as B number of molecules reacted with anion). DESs
are mainly classified based upon the nature of the HBD used, as shown in Table 1. Four main types of DESs have
been reported. The possibility of a fifth type of DES has also been reported, but not enough literature about it is

available yet.
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Table 1. Classification of DESs.

Type of DES General Formula Terms Example
I R* A™ + cMCl, M =1In, Zn, Fe, Al, Sn ChCI + SnCl,
[l R*A™ + cMCl,.cH,O M = Ni, Cr, Fe, Cu ChCI + FeCl3:6H,0
1l R*A™ + cRW W = OH, CONH,, COOH ChClI + Urea
\Y) MCl, + cRW IS, A ZnCl, + Urea

W = CONH,, OH

HBD = hydrogen bond donor

+
v HBD + HBA HBA = hydrogen bond acceptor

Thymol + Menthol

Type | DESs: This type of DES can be prepared from quaternary ammonium salt and metal chloride. Type | DESs
formed with imidazolium salts and various metal halides such as ZnCl,, FeCl,, AgCl, CuCl,, CdCly, LiCl, SnCl, and
SnCl, B9, The low melting point non-hydrated metal halides used to form type | DESs are very few; hence, fewer
HBD combinations are available for this type of DES.

Type 1l DESs: This type of DES can be composed of quaternary ammonium salt and hydrate of metal chloride
hydrate (111,

Type Il DESs: This type of DES can be prepared using quaternary ammonium salt as HBA and HBD. This type of
DES is widely studied. These DESs are mainly composed of choline chloride and HBDs (carboxylic acids, alcohols,
amides, and carbohydrates, etc.) The HBA used in the preparation of this kind of DES are listed in Figure 2. These
types of DESs are the most important due to their ability to solvate a wide range of transition metal species 2.
These solvents are simple to prepare, less expensive, relatively unreactive with water, and many are
biodegradable. A wide range of HBDs (Figure 3) are available for the preparation of this class of DES. The
physical properties of this type of DES are dependent on the nature of the hydrogen bond donor and can be

customized easily for any given application.
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I +/CH3 o
HO/\/ ) CH,3 )J\ OH
Cl o
Choline chloride Choline acetate NH,
Alanine
HsC
0 . N
OH H,N NN
OH CH,
N NH; Ci
L-Proline Lysine Dodecyltrimethylammonium chloride

CHj HsC—\ CHy
30/\/\N+/\/\CH3 Hsc\ | /_ Br

H
N+ Cl
EY .
Cl H,C CH,

Methyltrioctylammonium chloride Tetramethylammonium Tetraethylammonium
chloride bromide

Hsc_\ /—CH3 \/\ /\/ - Figure 2. List of commonly
HSCJ \—CH3 /\/ \/\

Tetraethylammonium chloride Tetrapropylammonium bromide

/\/\/\/\ . /\/\/\/\

Tetrabutylammonium bromide Tetrabutylammonium chloride

\/\/W/}/\

Br
P
Tetrabutylphosphonium bromide ©/ \©

Methyltriphenylphosphonium bromide
used HBAs in preparation of DESs.

https://encyclopedia.pub/entry/20285 4/8



Deep Eutectic Solvents (DES) | Encyclopedia.pub

Malonic acid
(o}
Levulinic acid HO

Ho Gallic acid Glycolic acld \)‘\
(o]

Lactlc acld

Adipic acid m \’H‘\
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HO

Glutaric acid
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N OH
OH o
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Salicylic ac'd Figure 3. List of commonly
5 /\/\/\)L )J\
Tartaric acid Octylic acid Acetic acld
(o]
HN Q o)
o Ve L
HaC
N
)J\ NH, \ HzN NH \” NH,
NH; Imidazole Urea Methylurea
Acetamide
Benzamide on oH
/K/OH /K/\
/\OH HO HaC HsC OH
Ethanol \/\ 1,2-propandiol 1,3-butanediol
Propanol
OH OH OH OH
/\/\/ OH Ho - OH
HO é
1,4-butanediol OH OH
D-Glucose

OH

OH

D-Sorbitol
used HBDs in preparation of DESs

Type IV DESs: These types of DESs are composed of metal chloride (particularly transition metal chloride) and

HBD. It was reported to form a DES using a mixture of ZnCl, and urea. In non-agueous solvents, these metal salts
usually do not ionize but form a DES with ethylene glycol, acetamide, and 1,6-hexanediol 1112

Type V DESs: These types of DESs are a relatively new class mixture of non-ionic molecular HBA and HBD [13]

Although it exhibits depression in melting points like DESs, there is no ionic contribution. Hydrogen bonding was
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especially predominant in this class of DESs. There is a possibility of another new class of mixture that does not fit
precisely into this category. However, they exhibit deep depression in melting points like a mixture of Brgnsted or
Lowry acids:bases.

| 3. Applications of DES
3.1. Drug Delivery/Solubilization

The drug discovery and drug delivery of new drugs often face challenges such as safety, efficacy, cost, and
availability [14I15]I16I17]18] T overcome this, existing drugs are now modified to improve their formulation or drug
conversion (salts/ester), to introduce new combinations of existing drugs, or to change the route of drug
administration 2423 The transport and processing of pharmaceuticals requires a solvent, and this purpose is
fulfilled using water, unless the drug is a hydrophobic drug that is poorly soluble or insoluble 22!, Due to low
permeation and bioavailability, the low solubility of available or developing drugs influences the therapeutic action
(131 For the oral drug delivery system, the improvement of drug bioavailability and solubility limits the drug
delivery/administration 13, One of the strategies is to have an improved formulation, with active pharmaceutical
ingredient (API) being encapsulated, dispersed, or loaded inside a drug carrier 1316l Ope such study is the
absorption of sulfathiazole from a eutectic mixture with urea compared to the absorption of ordinary sulfathiazole
(171, Thus, various studies 222921 gre conducted on deep eutectic solvent (DES) and eutectic mixture to improve

the API solubility and dissolution behavior.

The approved drugs or drugs under development are poorly water-soluble, so one of the characteristics to improve
the drug efficiency, permeability, and bioavailability is enhancing drug hydrophilicity 22181 For instance,
manipulating drug formulation may increase the solubility and dissolution rate of BCS class Il (Biopharmaceutics
Classification System Il) substances in gastrointestinal fluids, increasing bioavailability 2222, The efficiency of
poorly water-soluble drugs can be improved by modifying APl dosage, novel drug administration routes, and
adopting a suitable combination of active ingredients 1318 One strategy is to form API dispersion inside a
biocompatible polymer matrix or search for alternative solvents 19[4l |n this regard, ionic liquids have been
utilized as a suitable solvent system for API, owing to the unique physicochemical properties of IL 1SI[16IL7]18] A
suitable cation—anion combination can be made to synthesize numerous ILs 12 with appropriate physical
properties desirable for the dissolution/loading of APIs [£2l. However, ILs still suffer from biodegradability or toxicity
limitations 18], So, a search for a new biocompatible solvent system with negligible toxicity for API dissolution or

solubility is required to improve and develop drug formulations L3128l

One such biocompatible, cheap, less toxic solvent being studied is based on DESs 13181221 DESs have been
used for the dissolution of API, and DESs are prepared using pharmaceuticals as one of the components. So, the

following section describes these two applications of DESs.
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