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Abstract

The basics and uses of the micellar system extraction technique (MSE) for extracting and
preconcentrating nanoparticles and bioactive compounds (medicines and vitamins) are covered
in this review. Hence, the influential factors of the MSE and applications are offered. The MSE,
like any separation process, extracts the analytes in a small phase from the solution to improve
analysis quality and remove sample background interference. The MSE has several advantages over
other preconcentration and separation methods, such as speed, cheapness, security, selectivity, and
safety. The use of toxic organic solvents is reduced or ignored, and the process is economical and
environmentally friendly. In the latest works of literature, three different procedures use to extract
nanomaterials. So bioactive molecules were separated by two methods with MSE, and this review
also provided newly-developed MSE.
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Introduction

In general, MSE stands for modified extraction
methods that use a surfactant instead of an organic
solvent. Micelle Mediate Extraction (MME) or Cloud
Point Extraction (CPE) are two terms for the MSE. It
depends on the formation of the micelle layer (ML)
in aqueous solutions, whereby the polar heads on the
micelle’s exterior and non-polar tails orient themselves
into the interior [1-4]. ML is formed by dissolving the
surfactants in an aqueous medium, but in an organic
medium, reverse micelles (RM) are formed [5-7]. It
is possible to describe the micellar system as a thin
layer circle consisting of an inward organic pool core
and aqueous solutions centered on external surfactant
molecules [8-10]. The micellar system (MS) is
described by the formation of a hydrophobic layer in
an aqueous solution that is controlled by a surfactant
[11]. The arrangement of the micelles is shown as an
“oil-in-water” structure [12-14]. Micelle formation
increases the affinity of analytic species that are
dissolved in the organic phase, while the RM is used
to attract analytes that are dissolved in the water. The
affinity of the specified analytes for the micelle or RM
is determined by the micro-environment in which the
analytes are dissolved [15]. Figs. 1 and 2 depict the
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Fig. 1 The arrangement of the micellar system (MS).
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Fig. 2 The arrangement of the reverse micellar system (RM).

various configurations of the MS and RM.

The first time this technique was applied in 1976
for preconcentration and determination of Ni(ll) used
1-(2-Thiazolylazo)-2-naphthol (TAN) and Triton X-100
as micellar mediators [16]. Ever since, the technique
is still applied in the extraction of analytes (metals,
vitamins, organic materials, nanoparticles and other
[17].

MSE has been widely studied recently as an
environmentally fast, selective, accurate, and green
approach to preconcentration and separation of several
solutes, providing many other benefits over previous
solvent extraction. The MSE is dependent on micelle
mediating agents’ ability to form ML in water when
heated above a certain temperature, known as the
critical temperature (CT) [18-20].

Nanomaterials have many forms—for example,
cylindrical, tubular, spherical, and platform-form
morphology, as they are designed according to the
requirements for special applications. The enormous
variety of forms and chemical composition of
nanomaterials, as well as the possibility of particle
surface alterations, make this a vital and active topic
of research. Nanomaterials are useful in biological
and pharmaceutical applications because they have a
special size, shape, and surface area. Also, products
made by physical or chemical methods consume a lot
of energy and produce toxic waste that is hazardous
to the environment. In recent years, using a green
strategy to synthesize nanomaterials has proven to
be quite beneficial because it is an environmentally
friendly, cost-effective, and quick process [144-146].
Several MSE papers are discussed in this review. The
principles and factors that affected the MSE will be
reported in the next part. In addition, the description of
the methods used by scientists for extraction of both
nanoparticles and bioactive molecules and the essential
parameters used in the research are outlined in the next
paragraph.

MSE General Principles

The MSE is based on the ML synthesis when an
aqueous medium containing a micelle mediate reagent
(MMR) and heating above CT. The low volume of
surfactant occurs as monomers in the aqueous medium.
The molecules aggregate to form micelles when MMR
concentration exceeds critical micellar concentration
(CMC) and heating over CT. To avoid interaction with
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water, the tails (hon-polar) connect to the interior layer
of a standard micelle. The polar heads, on the other
hand, observe water molecules in the exterior layer.
[21-24]. Salting-out is a phenomenon that produces
ML after the addition of a natural salt such as NaNO; at
a specific temperature (25 °C) based on the surfactant.
The process separation can be done and improved by
the centrifugal tube after ML formation [25]. The under
layer already contains hydrophobic species and most
of the MMR. The aqueous layer (AL) includes any
components or metals that cannot be aggregated into
ML. Heating helps to aggregate micelles with fewer
repulsions and form a separation phase by dehydration
of polar groups of the micelle mediate reagent [26,27].
This procedure was explained in Fig. 3.

Analyte Influence Factors

Hydrophobicity is an essential condition for the
incorporation of analytes into the ML. The analytes
should, when separated by MSE, be either hydrophobic
or convertible to hydrophobic particles [14]. Therefore,
it is difficult to separate some hydrophilic molecules
directly from MSE. Metal ions, for example, should be
chelated with a suitable reagent before MSE to convert
them to hydrophobic species [7,8]. However, organic
molecules (proteins, phenols, azo compounds, drugs
and others) may be separated without chelation [28-30].

The pH effect

The medium pH is a major factor that controls
MSE, in particular for ionic molecules like metals,
amines, amino acids, and azo compounds. Every
MSE approach has an optimal pH range for extracting
analytes quantitatively. In this range, the accidentally
discharged form of the solutes exists and can interact

with the micelles [14,20]. The pH can improve the
extraction efficiency of the extracted species, which
has a significant impact on the extraction of metal
ions by MSE [30]. By using alizarin red S as well as
cetyltrimethylammonium bromide (CTAB) with Triton
X-114, the pH medium is essential to the separation
between Sc(l1l) and several lanthanides of clay
samples, at room temperature in the presence of K1 (0.1
M). Sc(lll) is separated above pH=4 from the other
lanthanides [31]. In another research, the extraction of
iron and mercury in food samples is excellent at pH 9
by using an azo compound [methyl phenyl thiazolylazo
azo]-3-methyl-4-methoxy-2-naphthol (MPTAN) and
tritonX-100 as a surfactant [32]. Due to the presence of
4-(pylorophenyl)-1-(pyridine-2-yl) thiosemicarbazide
(HCPTS) in the presence of TritonX-114 in the
form of Pt(IV) as a steady hydrophobic species with
thiosemicarbazide derivation, it was possible to
separate Pt(Il) from Pt(1V) at pH 7. This method has
been established to analyze Pt in highly accurate blood
plasma and urine [33]. Many studies with different
factors affecting extraction were described in Table
1. Because protonated phenols are hydrophobic and
can be extracted into ML at a lower pH, the extraction
of phenols requires a lower pH value in principle.
The optimal pH value is chosen at 5 [34]. To separate
parabens from water samples, the basic pH value
is used. Since the hydroxyl group has been fully
deprotonated and given full percentage recovery at pH
9, parabens appear in a more negatively charged form.
As a result, when parabens are deprotonated, hydrogen
bonding, electrostatic attraction, and deprotonated
interaction can be the most important interactions
between positively charged BCD-IL and parabens [38].
The pH value depends on the structure of the analytes,
extraction species, ligands, and MMR.
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Fig. 3 MSE general procedure.
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Table 1 Effects of some factors on MSE

Analytes Surfactant pH T (°C) Salts/Ligands Applications Ref.
Auxins Triton X-114 Acidic >5 -- (AEMP) Plants 34
Ag(l) Triton X-100 - 90 KNOg/vitamin C Water and soil 39
Cr(lll) Cr(VI) Triton X-114 55 40 -ITAN Sediment 36
AI(IT) PONPE 5.0 5.8 70 8-hydroxyquinoline Water 37
Paraben DC193C 9 30 -/BCD Water 38
Cu(ll) Zn(11) Triton X-114 6.5 45 NaCl/DBDP River and waste water, blood, and soil 45
Mg(Il) Triton X-100 Basic 90 -/Rhodamine-B Food and water 46
Mn(VII) Triton X-100 Acidic 90 -/PANN Food and water 13
Pb(Il) Triton X-114 and CTAB 1 23 Crown ether Biological 47
Uiy Triton X-114 and CTAB 35 20 Kl + KNO,/H,DEH [MDP] Water 49
Cu(ll) Triton X-100 2 15-30 Na,SO,/ dithiazone Water 55

Note: 2-aminoethyl)-1-methylpyrrolidine (AEMP), 1-(2-thiazolylazo)-2-naphthol (TAN), B-cyclodextrin (BCD), N, N’-diacetyl-4-bromo-2,6-
di(aminomethyl) phenol (DBDP), 3-[(2-Pyridyl azo)]-1-nitroso-2-naphthol (PANN), 4',4"(5")-di-tert-butyldicyclohexano-18-crown-6 (Crown ether),

P, P-di(2-ethylhexyl) methane di phosphonic acid) (H2DEH[MDP]).

Surfactants

In MSE, the surfactant is a necessary chemical that
forms a micellar layer that catches the substance to
be extracted. The amphiphilic substances must have
a charged or hydrophilic head and a hydrophobic
tail. The capacity of MMR solutions to enhance
hydrophobic species solubility (e.g., medicines, azo
compounds, optical samples, antioxidants, stabilizers)
in an aqueous solution is one of their most important
qualities [5-7]. And that is according to the capacity
of surfactant molecules to aggregate over a fixed
concentration related to the CMC and to create nano-
sized aggregates, especially micelles. Micelles with
hydrophobic cavities are used as Nano-containers to
increase the solubility of organic substances in aqueous
media. Hydrotropic modifications that alter the
aggregation and behavior of micellar structures, such
as their solubility features, may be used to achieve an
additional effect [39-41]. According to the structure
of the polar group, MMRs are categorized into four
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% -,—l Negative 9
anionic — = o N
(CO0—,S04=) Sodium dodecy! HAC. - X,
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DDMAB ammonium) butyrate &,

types (non-ionic, cationic, anionic, and zewitter ionic).
Scheme 1 is a graphical summary of the various types
of surfactants and examples of their main properties.
On-ionic surfactants are water-soluble and have a weak
ionization.

Nonionic surfactants of the Triton® X series are a
subset of specific nonionic surfactants. The functional
group of these compounds is Polyoxyethylenes, which
has a general formula of RO (CH,CH,0O), H. This group
can’t function as acids in water because the hydrogen
atom isn’t ionizable. The polyoxyethylene-7.5-octyl
phenoxy ether (Triton X-114) and polyoxyethylene-
9.5-octyl phenoxy ether (Triton X-100) are used widely
in MSE. Also, non-ionic surfactants are used alone or
mixed with ionic surfactants in MSE [43]. Because of
their lipophilic composition, they are very stable and
are unaffected by the presence of salts, bases, acids,
or dissolving agents for both organic and aqueous
solutions [9-11]. In the MSE, the amount of surfactant
is also the most important factor. The ML is only

Scheme 1 Classification of Surfactants and Examples.
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available in a very limited concentration range. Due
to a decrease in the enhancement factor, increasing
surfactant concentration reduces extraction efficiency
[44,46]. In some cases, a mixture of some categories
of surfactants is used to enhance MSE performance.
Triton X-114 and Cetyl trimethylammonium bromide
(CTAB) were used in the micellar system to separate
Pb in biological tests. This addition causes the creation
of mixed surfactants which enhances the solubility
of the micellar solution in water. Also, rising the
CTAB amount would help raise the CT of the method.
The charges on the micelle’s surface will cause
electrostatic repulsive forces between micelles, which
will prevent micelle formation at lower temperatures
[48]. CTAB was added to TritonX-114 to reduce the
CT of the device from 28-20 °C using this concept for
uranium extraction in an acidic medium [49]. In the
Table 1 report, these ideas were employed in several
investigations.

Salting-out effect

Salting-out is a phenomenon used to improve
extraction efficiency. In an aqueous solution, additional
salts increase ionic force and break the hydration
shell of metal ions. The structure and concentration of
additional salts have a significant impact on MSE [6,7].
In the absence of a significant quantity of electrolyte,
the non-electrolyte becomes less soluble, depending
on the salting-out procedure. Increasing non-polar
interactions among micelles by adding salt to the
micellar medium resulted in increased dehydration
between them. Turbidity is created when the volume
of surfactant crosses the CMC, and the ML is formed
[50]. Using the salting-out process in MSE may often
eliminate the heating step, reducing the time required
for the extraction procedure [5,8]. For extraction,
metal ions were added to NaCl at a lower required
temperature to form ML of Triton X-114 and apply this
procedure to biological samples [45]. With the addition
of 1.5 M salt to the MSE process, the temperature
drops to 25 °C, resulting in better separation and the
elimination of the need for tools such as a sonicator to
increase the temperature. Na,SO,, KOH, NaOH, K,PO,
and KNO, are common salts used for MSE and phase
separation [8]. Sometimes, the observation is that salts
with a higher ionic force form a greater separation.
For example, SO,” ions provide a good separation
as they have a higher affinity for water compared to
water-water affinity. On the other hand, the salting-out
result of Na" is much greater than that of other tested
cations, which also achieve a high Gibbs free energy of

hydration [51]. The parameters are reported in Table 1.
Salt has a critical role in extraction with the application
of a surfactant as it increases the separation. Despite
this, higher salt concentrations reduce the efficiency
of surfactant recovery and allow the surfactant to be
more soluble in water due to a decrease in extraction
efficiency. In many of the studies conducted, the
amount of salt should be between (1.0-2.0) M. Smaller
amounts do not allow the surfactant to fully carry
out the separation, while greater amounts of many
salts, like Na,SO,, form a precipitate that inhibits the
separation and also the extraction [52]. Researchers
chose KNO, as salt for extraction and determination
of Cu(ll) in real samples because it produces excellent
results and has a low detection limit (D.L.) [7].

Temperature and time effect

Temperature is one of the MSE parameters, and the
temperature effect is throughout the entire extraction
method of the micelles aggregation. Higher heat
supports the backward extraction method. Besides
that, high temperatures can trigger the denaturation of
biomolecules, especially enzymes and proteins, which
could be damaged just above the ideal temperature [53].
At a temperature higher than CT, the ML is disturbed
by dehydration of the micelles and the transfer of
biomolecules towards the surfactant happens more
easily, leading to higher extraction and recovery [54].
Even then, the temperature must be closely regulated
because the high temperature induces instability in
MSE and reduces the recovery rate [13]. In certain
situations, in the presence of a large amount of salt
(salting-out phenomenon), separation could take place
at room temperature [55]. Even with preconcentration,
the best heating time and temperature are required to
achieve a simple and effective ML.

Heating time response is a kinetic function while
the temperature is a thermodynamic function [11]. The
aggregation of micelles is specifically applied by the
behavior of the employed surfactant. The optimum
temperature obtained for Hg(II) extraction was 35 °C,
and a heating time of 5 minutes in a water bath was
sufficient to achieve quantitative extraction [56]. In
a similar study, 10 minutes at 25 °C was sufficient to
form an excellent separation and obtain a quantitative
analysis. This time, there is no improvement in
separation [57]. In some cases, it displays instability
of separation with the interference of salt in the MSE
process. Meanwhile, extraction times shorter than
5 minutes are not recommended because ML must
be incomplete and only begin to occur. So, even for
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this process, the ideal time would be in the range of
(5-10) min. A temperature exceeding 90 °C induces
evaporation of the solution, which results in the loss of
the desired sample. Low temperatures (below 20 °C)
limit the separation because the analytes are immobile
at low temperatures. Mice couldnst work well either at
the time [11-14].

Applications of MSE in Literature

Preconcentration and separation procedures
with MSE are widely applied to separate and
extract different analytes from samples [18]. It gets
major attention since it is the simplest, rapid, and
most flexible procedure for preconcentration and
hydrophobic complex extraction from the aqueous
environment [13]. Depending on its large recovery
and concentration factor, MSE is described as a real
alternative to preconcentrate methods [58]. It is known
as the green method due to the use of media diluted
extractor solutions as a surfactant that is relatively
cheap, leading to less output of substances [59]. It
reduces the use of toxic chemicals, which is beneficial
to both human health and the environment. MSE is
now used at room temperature and combined with
various devices (explained in Fig. 3) to separate
a wide range of species, including nanoparticles,
biomolecules, organic materials, and metal ions.

Separation nanoparticles by MSE

Nanotechnology has sparked interest in a variety of
sectors recently, including chemistry, medicine [60],
biotechnology [61], and the food industry [62], among
others, due to the unique physical and mechanical
properties of nanoparticles compared to bulk and
microscale materials. In this part of the review, the
applications of important material, nanoparticles
(NPs) are used in many industries and applications
because they have a major function in our lives [63].
Part of it is released into the environment as a result
of its increased usage, causing some damage. Toxicity
is determined by the dosage as well as the route
of ingestion [64]. Table 2 summarizes the possible

Table 2 Potential health risks of selected nanomaterials

Nanoparticles Medical effects Ref.
Silica NPs DNA damage; liver disease 78
Titania NPs Oxidative stress 79
CNTs Geno damage, lung lesions and neurotoxicity 80
poes Ol g el gy
Au NPs Anemia and effects on body weight 82

medical risks associated with some NPs.

Researchers in chemistry have difficulty determining
NPs. In actual samples, the concentrations of NPs
are very small and below the D.L. for most analytical
instruments. First, before the analysis, a process of
preconcentration is necessary. The commonly used
NP preconcentration methods, i.e. ultra-centrifuge and
ultra-filtration, change the physical character of NPs,
such as density polarization, aggregation, and particle
diameter variations [65,66]. Extraction methods are
used to separate carbon NPs very well [67]. NPs were
widely used in the MSE at the time in three procedures:

(1) MSE was used mainly for preconcentration of
NPs from real samples [68].

(2) NPs can act as a catalyst phase to support
specific species in the surfactant-rich phase.

(3) NPs have a special chemical composition;
they are used as optical sensor material. This section
will go through each of these directions. Scheme 2
explains these methods. In the first role, discussion of
preconcentration and extraction of NPs by using MSE.

—| Separation NPs directly |

I NPs as catalyst phase |

|App|ication of NPs in MSE|

—| NPs as sensor probes |

Scheme 2 Three approaches using NPs in MSE.

The use of silver nanoparticles (AgNPs) as
antibacterial agents in the industry has resulted in an
increase in their prevalence in the environment [105].
AgNPs were exclusively extracted from biological
water tests without affecting their shapes and sizes by
MSE with Triton X-114. In the presence of salts such
as NaNO; or Na,S,0; to improve AgNPs extraction
efficiency. The maximum extraction efficiency for
AgNPs was measured at pH ~3.0-3.5. The technique
was first used for the separation of NPs [69]. MSE
investigated the extraction of Ag NPs from nine
municipal wastewater treatment plants (WWTPs)
in Germany. In the absence of Triton X-114 as a
surfactant, EDTA was used as a chelating agent. Then
dissolve ML in ethanol and be measured by ETAAS.
The D.L. registered 0.7 ng/L [70]. In the other study,
Triton-X114 was used to remove AgNPs from real
samples into an ML, which was collected after a
10-minute incubation at 40 °C and centrifugation. This
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indicates a low D.L. of 2 ng/L and a preconcentration
factor of 242, indicating that AgNPs are not removed
when thiocyanate is present [77]. Copper oxide NPs
(CuONPs) are separated from water using the MSE
technique. NaCl (10 mM - 0.2 M) and pH were set
to 9.0 using Triton X-114. The separated layer was
improved by centrifugation (25 °C, 10 min, 3000
rpm) after heating at 45 °C for 40 minutes. After that,
the ML was collected for examination and CuONPs
determination. FT-IR, TEM, zeta potential, and an N2-
Brunauer-Emmett-Teller (BET) surface area sample
were used in the investigation. During digestion
with both hydrogen peroxide and nitric acid within a
microwave device, the Cu sample was determined by
ICP-MS. This research improves the MSE process with
a high potential for nanoparticle extraction from waste
[71]. The CuO NPs were separated from wastewater
samples using a specific MSE process. CUONPs are
removed using Triton X-114 (0.3 percent w/v) at pH
8-10, with NaCl as a salt. CUONPs were determined
using an ICP-MS detector, and particle sizes were
calculated using a TEM. The recovery from wastewater
solutions has affected over 88% of CuO NPs [72]. A
preconcentration and selective MSE process of AuUNPs
from drinking water and ETAAS determination. The
process involved chelating AuNPs with Triton X-114
and Na,S,0, before transferring them to the ML. The
TEM analysis revealed that the extraction method

had no impact on the nano composition of AuNPs,
implying a cost-effective separation method. Prior
to determining this, ETAAS was able to take small
sample size measures using a large number of Micelle
Mediate Reagents [73]. The second role of NPs is to
behave as a layer to protect rare species in the ML.
The use of NPs for trace element separation and
preconcentration in real samples is well known [74].
Modified or unmodified AgNPs were applied in MSE
and had successful results for preconcentration of a
tiny concentration of metal ions. Modified AgNPs have
the ability to carry metallic ions like Cu(ll) and Ni(ll)
ions and separate these ions by using the sodium salt of
2-mercapto ethane sulfonic acid and Triton X-114. This
procedure allows us to transfer tiny amounts of metal
ions into the ML. The D. L. is 2.4 and 2.1 ng/L for
Cu(Il) and Ni(ll), respectively [75]. On the other hand,
for extraction, Cr(l11) and Cr(VI) used unmodified
AgNPs as a support carrier with the present Triton
X-114 [76].

Many examples were reported in Table 3. In addition,
these NPs help to extract and separate biomolecules
and organic compounds. For determination of vitamin
B12 in urine and plasma, using Triton-X100 as a
surfactant and vitamin B12 complexation by silver
nanoparticles and chitosan (AgNPs-CH) coupled
with MSE. The presented approach was originally
followed by fluorimetric detection [83]. The multi-

Table 3 Overview of nanoparticles used as layers in MSE methods

Surfactant Nanoparticle Extracted LOD (ng/L) Detector Samples Ref.
AgNPs Ag(l) 0.15 ETAAS Water 104
AgNPs Cu(I1) Ni(I1) 242.1 ETAAS Water, wine and beer 75
AgNPs Cr(111)+ Cr(VI1) 2.0 ETAAS Water, wine and beer 76
ZrO,NPs Pb(ll) 2.2 ETAAS Water, tea and rice 86
Triton-114

Sno, Cu(InFe(111) 9070 FAAS Tap, well and lake water 87
GONPs V(total) 20 ETAAS Water, beer and canned drinks 88
AlLO;NPs Co(IDNi(InCu(ln) 2.62.82.5 ETAAS Natural water 89
Fe,0,@C MNPs  Different organics Different LC River and lake water 90
AgNPs Vitamin B12 36 Fluorimeter Urine and plasma 83

Triton X-100
TiO2NPs Zn(Il) 330 Colorimeter Water, milk and tablets (ZnSO,) 91
Triton X-45 GONPs Cr(l11) 5.0 ETAAS Potable water and seawater 92
SDS NDs Fluoranthene 17 Fluorimeter River water 84
SDS/PONPE 7.5 Fe,O,NPs Alfuzosin Doxazosin 160210 Fluorimeter Urine, tablets and human plasma 93
PEG 6000 RGO/CHNPs Veltapasvir 40 Fluorimeter Plasma, urine and tablets 85

Note: ETAAS: Electro thermal atomic absorption spectroscopy; FAAS: Flame atomic absorption spectroscopy; LC: Liquid chromatography; LOD:
Limit of detection; Fe,O,@C MNPs: Highly hydrophobic polysiloxane-coated core-shell; Fe,0,@C: Magnetic nanoparticles; NDs: Nano diamonds;
RGO: Reduced graphene oxide; TiO,NPs: Titania nanoparticles; ZrO,NPs: Zirconia nanoparticles; Al,O,NPs: Alumina nanoparticles; CHNPs: Cobalt

hydroxide nanoparticles.
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walled carbon nanotubes (MWCNTS), nanodiamonds
(NDs), and hybrid nanoparticles (NDs-MWCTNTS)
were also compared as a catalyst phase in the micellar
system of the anionic surfactant SDS. Also, in the
end, they reached the conclusion that NDs were ideal
for the separation of Fluoranthene and changing
the MS procedure [84]. On the other hand, the anti-
hepatitis C medicine Veltapasvir was predicated on
using a non-ionic surfactant, polyethylene glycol
6000 (PEG 6000), graphene oxide (RGO), with cobalt
hydroxide nanoparticles (CHNPs) as a catalyst layer.
The MSE was very good at removing impurities and
eliminating interference from co-existing species. The
purpose of this study is the determination of the drug
in pharmaceutical tablets by fluorimetric detection
[85]. Table 3 lists the examples that were chosen.
This combination is often seen in the review as a
modern nano-extraction technique dubbed ‘extracting
nanomaterials from the micellar system’.

The chemical characteristics of NPs dictate the
third function of employing them. In MSE, they were
detecting substances. NPs have also demonstrated
significant advantages over innovative analytical
approaches, particularly MSE procedures, according
to sensing activities. The size, structure, and inter-
particle length play a role in the high absorption
coefficient and color-tunable photocatalytic action.
A growing interest in AuNPs-based sensors has
resulted [94]. Table 4 summarizes some of the cases.
Several AuNPs-based spectrometric sensors were
documented for the determination of various analytes.
The quantification of Hg(Il) ions has piqued their
interest in them [95]. Hg(ll) ions can now be separated
and quantified by applying a new process. The use
of a hyperbranched thermoresponsive polymer for
MSE, as well as a spectrometric probe (AuNPs) for

detection of Hg(lIl) ions. The polymers contain three
substances. Hyperbranched poly ethylenimine (HPEI)
with isobutyramide (IBAm) end groups (HPEI-IBAm)
coated with AuNPs were used to enrich and isolate
Hg(l1) using quick precipitation and centrifugation.
The work’s benefit was that their colorimetric
sensor’s color shifted from red to fawn. They are also
more responsive than the two most commonly used
colorimetric sensors (which change color depending on
the aggregation of AuNPs) [96]. This simple concept
resulted in a more sensitive and selective MSE method
[97]. AuNPs are also used as colorimetric probes for
AgNPs extraction. Triton X-114 was used for the
extraction process, but the colorimetric test consisted
of Tween-20 remaining stable AuNPs (Tween-20-
AUNPs). Following phase separation, the focused
AgNPs oxidized into Agl ions in the ML. Then,
increase Tween-20 AuNPs aggregation. As a result,
extraction efficiency improved [98]. This branch can
act as Fig. 4.

Separation bioactive molecules by MSE

Many researchers have used MSE for the separation
of bioactive molecules like amino acids, proteins,
vitamins, enzymes, drugs, and pro-vitamins. This
part and Table 5 discuss medications and vitamins in
particular. Medical determination in the biological
matrix is important in a number of biochemical fields,
medicine, and pharmacy, including toxicity tests,
drug production, and controlling drug concentration
[106]. Patients also use more than one medication at
a time that can interact with various tests. There are
several major differences between humans, and drug
levels can vary greatly between individuals [107].
Since the clinical application of a drug is determined
by its level in biological fluids, and accurate method
of measurement is essential during treatment [109].

Table 4 MSE approaches employing selective nanoparticles as sensing probes

Surfactant NPs Extracted LOD (ng/L) Detector samples Ref.
HPEI-IBAm AuNPs Hg(l1) 0.22 Colorimeter Water 96
AuNPs Hag(ll) 2.00 Colorimeter Water 97

Triton X-114 AUNPs AgNPs 1.00 Colorimeter Water 98
AgNPs Sulfadiazine 2.80 LSPR Biological 99

AgNPs Cu(ln 0.10 SPR Food 100

Triton X-100 CuRPNs Citrate 1.70 Colorimeter Food + drug 101
CuRPNs Sulfide 0.40 Colorimeter Water 102

SDS AuNPs Mg(ll) 0.10 SERS Water 103

Note: SERS, Surface-enhanced Raman scattering, SPR, Surface Plasmon resonance, LSPR, Localized surface Plasmon resonance; MG, Malachite

Green, CURNPs, Curcumin nanoparticles
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. Metal ion ==
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Fig. 4 NPs as optical sensing in a micellar system.
Table 5 Application of bioactive molecules in the MSE method
Surfactant Analytes Temperature (°C) Recovery (%) Detector Ref.
Triptonide 55 96 UV spectrophotometry 108
Bisoprolol 55 61 LC/MS 116
Antazoline 40 - LC/MS 117
Paracetamol 25 - FL 118
Meloxicam 35 92 HPLC/ UV 119
Venlafaxine 40 89 HPLC/ FL 120
Arbidol 45 90 HPLC/ UV 121
Triton-114
Larotaxel 45 93 HPLC/ UV 124
Vitamin K, and 1,4-naphthoquinone 25 -- UV spectrophotometry 125
Vitamin B, 40 93-107 Spectrofluorometric 126
Cefixime 25 95-131 uv 140
21 Antidepressants 15-23 94-111 LC-MS 130
Phenylalanine 40 94.1-107.7 Scanometry 134
Sulphadimidine sodium 50 94.5-101.3 uv 143
Isoniazid 70 83 HPLC/ UV 122
Beta-carotene 67 99 UV-Vis 141
Triton-100 Seven sulphonamides - 67.0-105.7 HPLC/ UV 123
Vitamins A and E 70 90.2-99.2 MLC 142
Vitamins B,,B,,B, and B, 50 78-88 HPLC 137
Vitamins Aand E 50 85.582.6 HPLC/ UV 127
Genapol X-080
Flurbiprofen 50 - HPLC/ UV 128
PONPE 7.5 Terazosin hydrochloride -10 90-112 Spectrofluorometric 129
Vitamin E 10 80-85 HPLC-UV-FI 131
SDSA

Vitamin By 40 88-104 UV-Vis 132
PEG-6000 Vitamin B, 40 95.6-104.2 HPLC 138

Note: PEG-6000: Polyethylene glycol 6000; MLC: Micellar liquid chromatography; Vitamin B,: Thiamine; Vitamin B,: Niacinamide; Vitamin Bg:
Pyridoxine; Vitamin B,: Riboflavin.

Another issue is that medication levels in human fluids ~ analysis can interfere with chemicals from biological
and tissue are significantly lower, necessitating pre-  tests such as organic matter, macromolecules, and salts
concentration prior to determination. Sample solution ~ [110-113].
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Isolating proteins with organic solvents or adjusting
the pH of the test is one of the most successful
sample preparation techniques. However, in other
circumstances, a specific method of preparation is
insufficient for a complete study. As a result, numerous
extraction procedures apply during sample preparation
[114, 115]. Table 5 shows many bioactive substances
used in MSE with different parameters. Also, on the
other hand, bioactive molecules are used as selective
ligands to reduce pollution from organic reagents.
Aspirin [7], cysteine [133], and 4-(2-chloroacetamido)-
salicylic acid [135] use to determine tiny amounts of
copper in different testes by Triton X-100, SDS, and
Triton X-114, respectively. The findings have shown
the efficacy of MSE in the preconcentration and
quantitative extraction of copper. The methods were
utilized successfully to detect Cu(ll) in food and drug
samples with high recovery, without cumbersome pre-
separation methods, and costly equipment.

Vitamins play a specific role in the energy synthesis
and the health of organs such as the skin, muscles,
eyes, and livers. In various metabolic reactions, such
as carbohydrates, lipids, and protein metabolism, they
serve as a primer for coenzymes and enzyme cofactors
[139]. Vitamin analysis in samples (food, urine, and
blood) complicate by many factors, including low
and variable concentrations, interference effects, the
existence of multiple bioavailable forms (vitamers),
reactive structure, and molecular heterogeneity [136].

As a result, researchers face the challenge of
developing and validating quick, cost-effective, and
reliable methodological approaches for multivitamin
detection. However, due to the restricted transfer of
vitamin molecules to the surfactant by modern MSE,
obtaining an acceptable preconcentration parameter
is challenging. To resolve the issue, vitamins B, and
B, were successfully extracted from a complex food
sample using a modified MSE approach involved in
the complex silver ion formation with vitamins. This
research focuses on the ability of vitamin molecules
to form complexes with silver ions in exchange for
improved extraction efficiency [136].

Another study used Triton X-100 and sodium salt of
1-Heptanesulfonic acid as an ion pair agent to extract
vitamins from biosamples using the MSE method.
Some vitamins have extracted using ion-pair micellar
system extraction (IP-MSE), which is based on the
creation of ion pairs (IP) between analytes and an IP
reagent. Since analytes ionize in an acidic medium

and form positively charged ions, no analytes were
extracted into the ML without the use of an IP reagent
[137]. More information are reported in Table 5. The
methods used for the extraction of vitamins rely on
acid hydrolysis or enzyme therapy, so that all bonded
vitamins come off the matrix, or all potential vitamins
reduce into fewer forms, such as mono or di glutamate
from polyglutamate folates. Precipitation of proteins
is also a way of removing linkages between peptides
and vitamins. Vitamins use in some papers as chelating
reagents. Vitamin C is used to separate silver ions from
biological samples in the presence of Triton X-100 as
a surfactant. This procedure obtained a low detection
limit and a high preconcentration factor [39].

Conclusions

Analytes are critical parameters in any separation
process. Moreover, the form of surfactant used and
its amount, pH, temperature, heating time, and the
additional salts, influence factors on the MSE results.
The type of used surfactant is the determination by
the analytes. In the field of micellar system extraction,
many recent and exciting advancements made in the
last decade. In the literature, for the application of NPs
in MSE can be found three procedures:

1. NPs are directly preconcentrated.

2. MSE is used to absorb inorganic or organic
materials, such as nano-sized sorbents such as ZrO,,
TiO,, Al,O,, and others.

3. Optical sensing, for example, the use of AuNPs as
colorimetric nano-probes.

Vitamins and medications are extracted in two ways:
directly extraction and acting as a cheating reagent.

Innovative MSE methods in the ultra-trace analysis
of different species have a lot of promise in all
ways. In general, at around 15-20 °C, the extraction
temperature was above the CT of the surfactant. When
extracting bioactive molecules, the most commonly
used temperature is less than 70 °C. The addition of
salting-out at a specific level affects the CMC of the
surfactant, assisting the extraction method. MSE is also
less hazardous than other forms of extraction methods.
As a result of its simplicity, speed, low environmental
impact, accuracy, and high optimization capabilities,
researchers believe that MSE widely uses in nano and
bio applications. Researchers are also increasingly
interested in developing new separation techniques.
An increasing interest in “green chemistry” is the main

http://www.nanobe.org



274

Nano Biomed. Eng.,2021,Vol. 13, Iss. 3

reason for research on the subject. Recent articles on
MSE improvement, such as RMSE and Dual-CPE,
demonstrate that the proposed method is gaining
popularity and is becoming an effective separation
technique in chemical analysis.
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