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Deep eutectic solvents and applications in 

electrochemical sensing 

Christopher M.A. Brett ∗

This review focusses on deep eutectic solvents (DES) and their 
applications in the construction of electrochemical sensing 

platforms. The preparation and properties of DES are first 
described, with a brief survey of their applications, focusing on 
recent advances concerning materials and coatings prepared 

in DES as solvent. Their importance in the preparation of 
electrochemical sensors is then addressed in more detail, 
particularly regarding electroactive conjugated polymer and 

redox polymer modified electrodes. Future perspectives in the 
electrochemical sensing and biosensing fields are discussed. 
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Introduction 

Deep eutectic solvents (DES), introduced by Abbott et al.
in 2001, [1] , have shown themselves to be very interest-
ing and useful alternatives to non-aqueous solvents and
room temperature ionic liquids (IL), with applications in
many fields. The increasing amount of interest has led to
many reviews being published concerning the synthesis
of DES, their properties and applications, recent exam-
ples being [2–4] . Less attention was given to the materi-
als’ aspects until the publication of a recent review, which
discussed advances in the fields of polymer science, metal
processing and nanotechnology [5 

•] . The field of DES is
in rapid expansion as can be seen from the number of arti-
cles published, increasing from around 130 in 2013 to over
600 in 2017. This short review will briefly examine the
different types of DES, their properties and fields of ap-
plication. It will then address their use in the preparation
of sensor platforms, and electrochemical sensing, which is
an area that has, so far, been little exploited. 
www.sciencedirect.com 
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Types, preparation and properties of deep 

eutectic solvents 

DES synthesis is a simple green method, in principle us-
ing non-toxic components, and not giving rise to any sec-
ondary products, unlike IL, which require organic syn-
thetic procedures and whose toxicity has sometimes been
called into question [6] . For a successful and widely-
useable DES, the components should be safe, be low
cost and be biodegradable, besides the low toxicity. Nor-
mally, they consist of just two components which interact
strongly to form a eutectic mixture; DES refers to stoi-
chiometric ratios that are close to the eutectic composi-
tion. Whereas the two components are solid at a temper-
ature below 100 °C, the mixture is liquid. 

Deep eutectic solvents can be described by the general
formula Cat + -X 

− zY with Cat + being ammonium, sulfo-
nium, or phosphonium and X 

− a Lewis base, normally a
halide. The HBD, a Lewis or Brønsted acid, Y, forms a
“complex” with X 

−. DES are usually divided into four
types: Type I (quaternary salt and metal halide), Type
II (quaternary salt and hydrated metal halide), Type III
(quaternary salt and hydrogen bond donor) and Type IV
(metal halide and hydrogen bond donor), see Table 1 and
Ref. [3 

•] . 

Most of the DES employed are Type III. Here, the forma-
tion of the eutectic is due to strong hydrogen bond inter-
actions between a hydrogen bond acceptor (HBA) and a
hydrogen bond donor (HBD). One of the most prevalent
Cat + -X 

− is choline chloride (ChCl) also known as Vita-
min B4. Common examples of the Type III HBD are urea,
ethylene glycol and glycerol, which give rise to DES with
the common names of reline, ethaline and glyceline. 

Thus, hydrogen bonding is an essential mechanism for
the formation of these DES and influences their proper-
ties; this has been extensively discussed in the literature
using data from computational studies [7] . The greater
the hydrogen bonding network interaction, the greater
the depression in melting point and the higher the vis-
cosity of the mixture. Interestingly, and this is important
for electrochemical applications, theoretical studies pre-
dict that the introduction of water at low mole fractions
does not affect ionic diffusion since the water molecules
are absorbed into the DES molecular matrix [8] . At higher
mole fractions they have a pronounced effect, as would be
expected. 

Two special classes of DES have been recently gaining in-
creasing attention and which can be expected to continue.
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Table 1 

The main types of DES (adapted from ref [3 •] ) and identifying M 

and Z species (Lewis or Brønsted acids). 

Type Formula Terms 

I Cat + X − zMCl x − M: Zn, Sn, Fe, Al, Ga, In 

II Cat + X − zMCl x .yH 2 O M: Cr, Co, Cu, Ni, Fe 
III Cat + X − zRZ Z: CONH 2 , COOH, OH 

IV MCl x + RZ = MCl x-1 
+ .RZ 

+ MCl x + 1 
M: Al, Zn; Z: CONH 2 , OH 
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hese are the natural deep eutectic solvents (NADES) 
nd the therapeutic deep eutectic solvents (THEDES).
ADES, the first report of which was in 2011 [9] are mix-

ures containing combinations of metabolites that occur in 

arge amounts in cells, with a crucial role in cryoprotection,
rought resistance, germination and dehydration. They 

ave been regarded as the third liquid phase in living
rganisms, the solubility of many natural products being 

reater in NADES than in water. It was shown that there
s hydrogen bonding between the constituents in mix- 
ures of ChCl with a variety of natural products such as or-
anic acids, alcohols, sugars or aminoacids and the future 

ole of NADES in the food, cosmetic and pharmaceutical 
ndustries has been pointed out. NADES have been suc- 
essfully applied in extraction and separation processes 
or example [10] , and their importance in analytical chem-
stry has been assessed [11] . 

HEDES are bioactive eutectic systems composed of an 

ctive pharmaceutical ingredient as one of the DES con- 
tituents [12] . The interest is due to their potential use as
mproved pharmaceutical formulations, to increase drug 

olubility and permeability and thence provide more effi- 
ient drug delivery. It has been established that the dom-
nant interactions are of a hydrogen bond nature. 

he principle of preparation of DES is simple and is done
n one of two ways: (1) the lower melting point component
s first heated until it melts, and then the higher melting
oint compound is added to form the eutectic mixture; (2)
hen both constituents have high melting points, the two 

omponents are mixed and melted together. Many DES 

ave been prepared; more details and many examples are 

iven in [5 

•] . 

esides the advantages of DES referred to above of high
olubility, low toxicity and biodegradability they also ex- 
ibit low volatility, non-flammability, low vapour pressure,
hemical and thermal stability [13] . As solvents, they are
hemically tuneable, and their properties can be tailored 

o have different physicochemical properties, according 

o the applications envisaged. Extensive data on physic- 
chemical properties such as phase behavior, density, vis- 
urrent Opinion in Electrochemistry 2018, 000 :1–6 
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osity, conductivity, surface tension, ionicity, electrochem- 
cal behavior, toxicity and environmental impact of nu-

erous DES is available in the literature, for example
3,6,13,14] . 

ost research has been done in polymer, metal process-
ng and nanomaterials science. In the following section,
here is a short description of materials prepared with the
se of DES in these three areas. All of these can have im-
lications for the preparation of sensor platforms. 

pplications of DES 

ES have been used in polymer science as solvents, func-
ional additives and monomers; further details can be 

ound in [5 

•] . As solvents, the HBA has nearly always
een ChCl, for example as reported in [15] . Reline (ChCl-
rea) has even been suggested as solvent for redox flow
atteries using the Fe(III)/Fe(II) couple [16] . DES have
lso been used in the electrochemical synthesis and de-
osition of conducting and redox polymers – this will be
eturned to later in the context of modified electrodes
or sensors. Besides acting as solvents, DES can function
s templates and/or ligand suppliers, and in extraction,
eparation and purification technologies. DES have been 

uggested as an eco-friendly choice in the preparation of
olecularly imprinted polymers (MIPs), since these sol- 

ents can improve the affinity and selectivity of MIPs to
 target molecule [17] . 

lectrodeposited coatings can exhibit a variety of differ-
nt characteristics and functionalities; however, not all 
etal/substrate combinations are possible by electrode- 

osition in aqueous media. DES, like non-aqueous sol-
ents, can extend the range of coating/substrate com- 
inations, through an extended potential window and 

reater inertness [18] . This has included coatings for cor-
osion protection of less-noble metals, as well as in sen-
or technology, in combination with nanomaterials such 

s polymers and carbon materials. In this context, the
emperature-viscosity dependence of DES has been in- 
estigated, due to its practical and industrial relevance in
he electrodeposition of metals and alloys. Further details
nd examples may be found in [5 

•] . 

ES have been used as reaction media for nanoma-
erial synthesis and electrodeposition, and as disper- 
ion medium for nanoparticles. Carbon nanomaterials 
ave been the most popular, followed by metal oxide
nd gold nanoparticles, inorganic (bio)nanomaterials and 

etal (bio)organic framework materials. The use of DES 

n nanotechnology up until 2015 is described in [4] . 

n example that is relevant for pointing the way to-
ards the development of new nanomaterial-modified 

lectrodes as electrochemical sensor platforms is the elec- 
rochemical synthesis of nanoporous gold decorated with 

anganese oxide nanowires [19] . The use of DES as
www.sciencedirect.com 
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Figure 1 

Choline 

chloride
Urea

m.p. 302 ºC m.p. 133 ºC

1                    :                  2

Electropolymerisa�on or 
electrodeposi�on in DES

The principle behind Type III eutectic solvents, illustrated with reline (choline chloride and urea), and their use in altering the structure and morphology 
of modifier films on electrodes by electropolymerization or electrodeposition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nanomaterial functionalization agents has focused on the
functionalization of carbon nanotubes, partly to increase
their dispersability; an application has been that of form-
ing new adsorbents for the removal of heavy metal con-
taminants in waters, e.g. [20] . 

Modified electrodes and electrochemical 
sensing 

DES have been used in analytical procedures, but the de-
tection methods employed up until now have been essen-
tially chromatographic or spectroscopic, see [21] . 

Interest has been shown in modifying electrode surfaces
in DES as part of preparation methods for electrochemical
sensors and biosensors with different properties, Figure 1 .
In a similar way as occurs in IL [22] , the rationale is that
the different surface morphologies, compared to aqueous
solution, will condition access by the analyte to the sensor
platform in a different way and the new surface structure
may confer different, hopefully enhanced, sensing prop-
www.sciencedirect.com 
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erties. Various techniques, including the electrochemical
quartz crystal microbalance, have been used to follow the
process of polymer film growth. 

Conducting polymer films have been formed in DES.
Early examples were polypyrrole in ethaline [23] and
polyaniline in a 1:2 ChCl/1,2-ethanediol mixture [24] . In
the latter case, examination of the morphology and opti-
cal properties of the polyaniline films by SEM and UV-
vis spectroscopy, evidenced a nanoparticulate morphol-
ogy and excellent conductivity. 

More recently, research concerned examination of the
morphology and properties of PEDOT films with a view
to their use in electrochemical sensors [25,26] . Compari-
son was made between polymer films formed in eutectic
mixtures composed of ChCl and ethylene glycol, glycine
or urea on glassy carbon electrode supports and those
formed in aqueous solution. An example of morphological
differences can be seen in Figure 2 . Both reline and etha-
Current Opinion in Electrochemistry 2018, 000 :1–6 
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Figure 2 

Electropolymerisation of EDOT in Reline and in 0.1 M sodium poly(styrene sulfonate) (NaPSS) with corresponding scanning electron microscopy 
images of the films formed. Adapted from [25] . 

l
i
c
G
f
m
e
a  

i
c
l  

fi
t

O
b  

M

t
a
n  

l  

t  

e
i  

t  

m
a
i  

t
c  

f  

e  

n  

f  

C

ine showed encouraging electrocatalytic and morpholog- 
cal properties, and demonstrated advantageous sensing 

haracteristics compared to those of PEDOT-modified 

CE prepared in aqueous solutions. They were success- 
ully applied as sensors, in aqueous buffer solution, for 
ixtures of ascorbate, dopamine and uric acid as biomark- 

rs. Detailed studies included the effect of varying the 

mount added of a second HBD, perchloric acid, and the
nfluence of increasing temperature (decreasing the vis- 
osity). Whereas the former has a significant effect, the 

atter was found to have less influence on the polymer
lm characteristics. It does demonstrate that experimen- 
al conditions need to be optimized for each case. 

ther polymers of interest in electrochemical sensor and 

iossensor architectures are electroactive redox polymers.
any of these have been formed from phenazine and 
urrent Opinion in Electrochemistry 2018, 000 :1–6 
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riaryl-methane monomers in aqueous solution, and used 

s modifiers together with nanomaterials such as carbon 

anotubes or graphene, and have been shown to be excel-
ent mediators in a number of sensor and biosensor archi-
ectures [27] . As for conducting conjugated polymers, the
lectrocatalytic effects and current enhancement in sens- 
ng if the films are formed in DES could be greater than
hose formed in aqueous media owing to the altered poly-
er film nanostructure and morphology. Such effects had 

lready been noted with poly(neutral red) films formed 

n IL [22] . Poly(methylene blue) was deposited by elec-
ropolymerization in ethaline eutectic mixtures on glassy 

arbon electrodes and comparison was made with films
ormed in aqueous media [28] . It was seen that the influ-
nce of the rate of potential change on the potentiody-
amic growth of the polymer film was an important factor
or film growth, structure and morphology, owing to the
www.sciencedirect.com 

pplications in electrochemical sensing, Current Opinion 

18.05.016 

https://doi.org/10.1016/j.coelec.2018.05.016


Deep Eutectic Solvents and Applications in Electrochemical Sensing Brett 5 

ARTICLE IN PRESS 

JID: COELEC [mNS; June 8, 2018;0:52 ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

viscous nature of the DES. Thus, an optimum scan rate
was found, above which the diffusion of monomer from
the bulk DES becomes a rate-limiting factor. In addition,
the PMB films obtained in DES exhibited better sensing
performance for ascorbate and acetaminophen in aqueous
solution, compared to those prepared in aqueous media
[29 

•] . 

Other electrochemical sensor applications in the literature
involve carbon nanotube modified electrodes. Quercetin
[30] and cadmium ions [31] were determined with en-
hanced sensitivity in reline DES. Finally, and as another
type of application, an amperometric sensor has been de-
veloped for atmospheric oxygen using a thin film of etha-
line DES directly on a membrane-free oxygen probe [32] .

Conclusions and perspectives 

As can be seen from the above, DES constitute an inter-
esting tool in the preparation of new nanostructured ma-
terials on electrode substrates, some of which cannot be
prepared in aqueous media. The DES medium also has an
influence on the structure and morphology of such films,
and thence electrocatalytic properties and active surface
area. Owing to their non-toxic nature and generally ex-
treme ease of preparation, DES will have a future ensured
not only by their physicochemical properties but also by
their economic viability, important in the context of sus-
tainable development. The replacement of conventional
solvents and IL by DES is definitely predicted to be-
come an increasingly common practice. This short review
has highlighted advantages, relevance and potentialities
of DES in the context of creation of electrochemical sen-
sor platforms and electrochemical sensing. DES is a field
that has been in rapid expansion in the last decade, but
this expansion has so far only been touched upon in the
context of sensor construction. More research is needed
in order to understand how to exploit DES in the most
appropriate way. Much remains to be investigated and
exploited with the ultimate goal of contribution towards
increasing the efficiency and stability of electrochemical
sensors and biosensors. 
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