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Fabrication of a near-infrared fluorescence-emitting SiO2-AuZnFeSeS 
quantum dots-molecularly imprinted polymer nanocomposite for the 
ultrasensitive fluorescence detection of levamisole 

Oluwasesan Adegoke a,*, Svetlana Zolotovskaya b, Amin Abdolvand b, Niamh Nic Daeid a 

a Leverhulme Research Centre for Forensic Science, University of Dundee, Dundee DD1 4HN, UK 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Novel SiO2-encapsulated AuZnFeSeS 
alloyed QDs was synthesized and 
characterized. 

• An MIP shell specific for levamisole was 
coated around the AuZnFeSeS QDs to 
form a AuZnFeSeS QDs@nanocomposite. 

• Levamisole was ultrasensitively detec-
ted and was selectively against other 
tested drugs. 

• The AuZnFeSeS QDs@MIP nano-
composite probe was used to detect le-
vamisole in mixed drug sample.  

Remove 
levamisole

Rebind 
levamisole
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A B S T R A C T   

Levamisole is an anthelminthic drug that is usually used as a cutting agent to lace illicit cocaine samples and has 
been classified as a dangerous substance. In this work, we report on the fabrication of a novel fluorescence sensor 
for levamisole using AuZnFeSeS alloyed quantum dots (QDs)-molecularly imprinted polymer (MIP) nano-
composite. Firstly, organic-phased AuZnFeSeS QDs were synthesized via the organometallic hot-injection py-
rolysis of metal precursors, surfactants, and organic ligands. Silica (SiO2) was then encapsulated on the QDs 
surface to render it compact, stable, and biocompatible. Via a free radical polymerization approach, a robust MIP 
shell templated with levamisole was coated around the SiO2-AuZnFeSeS QDs surface to form a AuZnFeSeS 
QDs@MIP core/shell nanocomposite. Passivation of the SiO2-AuZnFeSeS QDs core surface with the MIP shell led 
to radiative exciton recombination process, whereby the QDs fluorescence was enhanced. Interestingly, the SiO2- 
AuZnFeSeS QDs was characterized by rod-shaped and spherical-shaped particle morphology. Under optimum 
conditions, the fluorescence of the AuZnFeSeS QDs@MIP nanocomposite was quenched in the presence of le-
vamisole and was selective against other tested drugs. Quantitative detection was achieved in the concentration 
range of 0.5 – 100 μM with a limit of detection of 0.05 μM (47.4 nM). Validation of the MIP-levamisole affinity 
was demonstrated by the superior sensitivity of the AuZnFeSeS QDs@MIP over the AuZnFeSeS QDs@NIP (non- 
templated material). Levamisole was successfully detected in a mixed drug sample containing cocaine with 
satisfactory analytical recoveries. This work is the first reported use of a cadmium-free quintenary alloyed 
QDs@MIP nanocomposite fluorescence detection system for levamisole.  
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1. Introduction 

Levamisole, (IUPAC name: 2,3,5,6-tetrahydro-6-phenylimidazo(2,1- 
b)thiazole) is an anthelminthic drug that was once used to treat humans 
infected with parasitic worm. It was withdrawn from the Canadian and 
U.S. markets in 2003 and 1999, due to the availability of better medi-
cations and the risk of adverse side effects arising from the drug use [1]. 
News media outlets such as the Time Magazine, government agencies 
and scientific publications have alerted the general public, physicians, 
and health officials about the possible life-threatening consequences of 
cocaine laced with levamisole [2–4]. A classic example of such public 
alert warning was issued in September 2009 by the Department of 
Health and Human Services Substance Abuse and Mental Health Ser-
vices Administration, US, that a very dangerous substance known as 
levamisole was showing up with alarming frequency in crack cocaine 
and illicit cocaine powder and can induce agranulocytosis, a problem 
associated with low number of white blood cells [5]. 

According to reports from the Advisory Council on the Misuse of 
Drugs (ACMD), UK, levamisole was considered the most detected active 
cutting agent in seized drugs between 2012 and 2013 [6]. Also, esti-
mates from the Drug Enforcement Agency (DEA) indicate that 80% of 
seized cocaine in the U.S. also contains levamisole [5]. Speculation 
about the addition of levamisole to cocaine centers around two main 
theories. The first is that levamisole is cheap, easily accessible, and of 
similar physicochemical properties to cocaine. As a consequence, it 
would be considered an obvious material to use as a bulking agent for 
cocaine with the aim of generating increased profit. The second 
conception centres around the believe that levamisole is able to modify 
the pharmacological properties of cocaine [5]. 

To date, there are several developed sensing methods for levamisole 
recognition. Examples include the use of chromatographic analytical 
techniques such as gas chromatography (GC), high performance liquid 
chromatography (HPLC), liquid chromatography-thermospray mass 
spectrometry, and GC-electron impact mass spectrometry [6–9]. 
Although, rapid detection of levamisole has been achieved using these 
chromatographic techniques, several stages of extraction processes are 
generally required prior to analysis. Also, prolonged analysis time, 
inefficient sample throughput, and the need for highly experienced 
instrumental analyst to operate the instruments, limits the use of chro-
matographic techniques for routine levamisole analysis. Immuno-based 
sensing methods have also been reported for levamisole screening [10, 
11]. However, the use of antibodies as bioreceptors in sensing applica-
tions comes with its own limitations such as high cost of production, 
limited stability, and high susceptibility to false positive or false nega-
tive signals. Electrochemical sensing of levamisole using molecularly 
imprinted polymers (MIPs) have also been reported [12]. Although, the 
electrochemical MIP work showed some promise with regard to selec-
tivity against substances of similar structure to levamisole, there was 
however, no selectivity study involving a cocaine sample which also 
contained levamisole or the direct detection of levamisole in a cocaine 
sample. In addition, the sensitivity of the assay was limited by the in-
strument electrode substate support. It is therefore of interest to develop 
highly sensitive, selective, and robust sensing systems for Levamisole. 

Due to the need to circumvent the limitations of conventional 
analytical sensing methods, the use of artificial receptors in chemical 
assays have drawn significant interest [13–15]. Wulff and Sarhan where 
the first to developed molecular imprinting as a form of artificial re-
ceptor back in 1972 as they were able to establish a suitable synthetic 
approach for its manufacture [16]. MIPs are best described as synthetic 
analogue mimics to the traditional antigen-antibody interaction binding 
system. As such, the mode of operation mimics a “lock and key” prin-
ciple to selectively rebind the templated analyte of interest [17]. MIPs 
are generally produced when a prepolymer is polymerized in the pres-
ence of a template molecule. Negative charges in the targeted template 
molecule will generally orient themselves towards positive charges in 
the polymer matrix via noncovalent interactions such as hydrogen 

bonding, π-π, hydrophobic and ionic interactions [17]. Due to the ease of 
template removal, the noncovalent interaction between the template 
and cavity is much more favoured. In principle, when the template 
molecule is removed from the polymer matrix, it leaves a target-specific 
cavity of a specific size and shape which is readily available for 
rebinding. The MIP is then exposed to the template sample in a 
rebinding process to aid selective detection of the target analyte. 

Precipitation polymerization, emulsion polymerization, high dilu-
tion polymerization, core/shell approaches, surface-imprinted materials 
and solid-phase synthesis, are examples of synthetic methods used to 
produce MIPs [18–36]. In order to achieve robust assay results including 
enhanced sensitivity, core/shell MIP approaches has been used as the 
main fabrication strategy. This involves coating the MIP shell around 
core particles such as silica [37], iron oxide nanoparticles (NPs) [38], 
semiconductor quantum dots (QDs) [39–41], carbon dots [42], plas-
monic NPs [43] and several hybrid-based nanomaterials [44]. Particu-
larly, fluorescent-based MIP nanocomposites have found wide 
applications for the detection of explosives, pesticides, drugs, peptides, 
and proteins [45]. Amongst the various fluorophores that have been 
used in MIP fluorescence sensing applications, QDs nanocrystals, which 
exhibits size confinement on the nanoscale in a three-dimensional 
fashion, have drawn considerable interest [46]. QDs are generally 
more photostable, size-dependent, and exhibits narrower emission and 
broader absorption spectra than organic-fluorophore dyes and other 
nanofluorophores such as carbon dots and graphene QDs [47]. However, 
most of the semiconductor QDs that have been used in the development 
of QDs@MIP fluorescence sensor systems are mainly composed of the 
toxic cadmium ion [39]. Hence, to avoid the use of cadmium-based QDs, 
environmentally friendly metal chalcogenides were chosen in this work. 
To date, no QDs-MIP nanocomposite fluorescence sensor has been re-
ported for levamisole detection. The only report on the use of MIP for 
levamisole detection is the work by Sadeghi et al., who used direct 
electrochemistry with the electrode as a substrate to anchor the MIP 
[12]. 

In this work, we report for the first time on the development of a 
novel AuZnFeSeS QDs@MIP core/shell nanocomposite fluorescence 
sensor system for levamisole. Recently, we have previously reported on 
the development of an environmentally friendly amphiphilic polymer- 
coated AuFeZnSe QDs for heavy metal fluorescence sensing [48]. In 
this work, S was embedded into the AuFeZnSe QDs structure to form a 
new near-infrared (NIR) fluorescence-emitting AuZnFeSeS QDs system 
with the aim of generating new optical properties. The advantages of 
NIR fluorescence QDs are the significant elimination of Rayleigh scat-
tering, deeper tissue penetration and the generation of non-invasiveness 
[49]. The NIR fluorescence-emitting AuZnFeSeS QDs were first synthe-
sized via the organometallic hot-injection synthetic route and thereafter 
surface-coated with silica (SiO2) to render the QDs biocompatible, sta-
ble, and compact. Using a free radical polymerization approach, the MIP 
shell was overcoated around the SiO2-AuZnFeSeS QDs core surface in 
the presence of the targeted levamisole template Specifically, the syn-
thesized SiO2-AuZnFeSeS QDs was used as a core support for the MIP 
shell and as a fluorescence signal reporter for levamisole recognition. A 
non-imprinting SiO2-AuZnFeSeS QDs@NIP was also fabricated to vali-
date the sensitivity of the AuZnFeSeS QDs@MIP towards levamisole 
recognition. An ultrasensitive and selective fluorescence sensor system 
was developed for levamisole using the AuZnFeSeS QDs@MIP nano-
composite system in water and in mixed drug system. 

2. Experimental 

2.1. Chemicals 

Ethylene glycol dimethacrylate (EGDMA), acrylamide, levamisole 
hydrochloride, cocaine hydrochloride, methamphetamine hydrochlo-
ride (MAMP), amphetamine hydrochloride (AMP), (3-aminopropyl) 
triethoxysilane (APTES), iron (III) chloride (FeCl3), oleylamine, 
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hexadecylamine (HDA), selenium (Se), sodium oleate, acrylamide, 2,2′- 
azobis(2-methylpropionitrile) (AIBN), sodium acetate (NaAc), tris 
(hydroxymethyl)aminomethane acetate salt (Trizma® Ac), tri-
octylyphosphine oxide (TOPO), trioctylyphosphine (TOP), oleic acid, 
sulphur, potassium thiocyanate (KSCN), borax, tetraethyl orthosilicate 
(TEOS), 2,2′-azobis(2-methylpropionitrile), zinc chloride and octade-
cene were purchased from Merck. Myristic acid, 2-(n-morpholino) 
ethanesulfonic acid (MES), trisodium citrate, potassium acetate (Kac) 
and gold (III) chloride trihydrate (HAuCl4.3 H2O) were purchased from 
Thermo Fisher. 3,4-Methylenedioxymetamphetamine (MDMA) was 
synthesized in-house. All other chemicals were used as received. 

2.2. Equipment 

Ultraviolet/visible (UV/vis) absorption and fluorescence emission 
measurements were performed using a Varian Cary Eclipse spectro-
photometer. Transmission electron microscopy (TEM) analysis were 
carried using a JEOL JEM-1200EX operated at 80 kV. Powder X-ray 
diffraction (PXRD) analysis was carried out using a Siemens D5000 
diffractometer with Cu Kα radiation (λ = 1.54056 nm) and data were 
obtained in the range of 3–90◦ using a 0.1◦ 2θ step size and a 3 s count 
time per step with a 0.066◦ slit width. Dynamic light scattering (DLS) 
was carried out using a Zetasizer Nano ZS series (ZEN3600, Malvern). 
The Raman spectra were collected using an in-house built microprobe 
system equipped with a continuous wave laser sources emitting at 532 
nm, the Oriel MS257 monochromator fitted with the Andor Newton 
EMCCD detector, TE cooled to − 70 ◦C. The backscattering configura-
tion was used for the signal collection. The incident power on the 
samples was 63 mW. The spectra were recorded using a 40x objective 
(Plan Fluor, Nikon), a 0.3 s accumulation time with a total of 10 accu-
mulations, a slit width of 100 mm and a 1200 lines/mm grating. 
Elemental analysis of the nanomaterials was carried out using a Philips 
‘Zetium’ PW5400 X-ray fluorescence (XRF) used for sub ppm to per-
centage analysis of elements ranging from Be to Am, handled by a 35-po-
sition autosampler. Tube = PW2992/35 (zero-drift type); Anode =
RhKα; Power = 2.4 kW; Collimator mask = 27 mm; Collimators = 150, 
300 and 700 µm; Crystals = LiF200, Ge111, PE002, PX-1 and LiF220; 
Beam filters = brass 400 µm, brass 100 µm, Al 750 µm, Al 200 µm and 
Detectors = MCA flow, Sealed Xe and MCA Scint. Fourier transform- 
infrared (FT-IR) analysis was performed using an Agilent Cary 630 FT- 
IR spectrometer. 

2.3. Preparation of precursors 

Organic-phased HDA-capped Au nanoparticles (AuNPs) were syn-
thesized via a ligand exchange reaction from hydrophilic citrate-AuNPs. 
To synthesize citrate-AuNPs, 1 mL 1% HAuCl4.3 H2O was mixed with 
~79 mL H2O and stirred at room temperature. Then, 20 mL aqueous 
solution containing 15.5 mL H2O, 4 mL trisodium citrate, and 0.5 mL 
tannic acid was added into the Au precursor solution. The solution was 
stirred for ~15 min and heated up to a temperature of about 65 o C. Red- 
coloured solution of citrate-AuNPs were obtained. To obtain the organic- 
phased HDA-AuNPs, 2 g of HDA was dissolved in 20 mL of toluene and 
50 mL of citrate-AuNPs was added. The solution was stirred for few 
seconds to aid separation of the aqueous-phased NPs from the organic- 
phased NPs. The HDA-AuNPs was carefully pipetted out of solution 
and stored in a sealed vial. 

Zinc oleate was synthesized according to reported procedure for 
metal oleate synthesis but with some modification [50]. 13.6 g of zinc 
chloride was mixed with 18.25 g of sodium oleate in a mixture of 40 mL 
ethanol, 70 mL hexane and 30 mL MilliQ H2O. The solution was heated 
up to ~85 ᵒC and stirred for ~4 h (hr). The formed zinc oleate was 
purified using acetone, ethanol-chloroform and ethanol-acetone 
mixture. 

The Se precursor was prepared by dissolving 0.14 g Se in 5 mL TOP 
while the sulphur precursor was prepared by mixing 0.16 g of sulphur 

with 0.9 g TOPO, 1 mL TOP, 10 mL octadecene and 5 mL oleic acid. Both 
the Se precursor and sulphur precursors were sonicated under heat for 
complete dissolution of the metal salt. 

2.4. Synthesis of organic-phased AuZnFeSeS QDs 

Organic-phased AuZnFeSeS QDs were synthesized using the standard 
organometallic hot-injection pyrolysis synthetic method for semi-
conductor QDs nanocrystals [51]. Briefly, 4 g FeCl3, 5.6 g zinc oleate, 5 
mL HDA-AuNPs, 2.4 g myristic acid, 0.6 g HDA, 5 mL oleylamine, 1.8 g 
TOPO, 2 mL TOP, 50 mL octadecene and 30 mL oleic acid were added 
into a three-necked flask and stirred under nitrogen atmosphere. The 
solution was heated up under vigorous stirring and after 40 min (min), 
the temperature reached ~210 ᵒC. Thereafter, 3 mL of the Se precursor 
and all of the sulphur precursor solution were added into the AuZnFe 
precursor solution to aid the nucleation and growth of the AuZnFeSeS 
QDs. The organic-phased QDs was allowed to grow with time and the 
reaction was stopped after satisfactory fluorescence emission was 
obtained. 

2.5. Preparation of SiO2-AuZnFeSeS QDs 

Surface encapsulation of the hydrophobic AuZnFeSeS QDs with SiO2 
was carried out according to literature procedure via a modified sol-gel 
approach [52]. The synthesized AuZnFeSeS QDs was mixed with chlo-
roform and added into a solution containing 4 mL NH3. OH in H2O, 40 
mL methanol, MilliQ H2O, 10 mL TEOS and 8 mL APTES. The solution 
was stirred and heated up to approximately 70 ᵒC for 45 min and the 
reaction was stopped after 1 hr. The SiO2-AuZnFeSeS QDs were purified 
via ultracentrifugation using a mixture of acetone, acetone-Milli-Q H2O, 
chloroform-acetone, and finally acetone. 

2.6. Synthesis of SiO2-AuZnFeSeS QDs@MIP nanocomposite 

The synthesis of SiO2-AuZnFeSeS QDs@MIP nanocomposite for le-
vamisole fluorescence detection was carried out according to reported 
procedure but with some modifications [52,53]. In a beaker, 100 mg 
acrylamide, 2 mL EGDMA, 150 mg of purified SiO2-AuZnFeSeS QDs, 
100 mg levamisole template and 50 mg AIBN were mixed with 100 mL 
acetonitrile. The solution was stirred and heated up to approximately 73 
ᵒC for 2 hr 30 min. The obtained SiO2-AuZnFeSeS QDs@MIP was then 
purified with acetone via ultracentrifugation to remove the levamisole 
template and thereafter dried in a fume hood. In order to validate the 
sensitivity of the SiO2-AuZnFeSeS QDs@MIP towards levamisole 
detection, a non-imprinting SiO2-AuZnFeSeS QDs@NIP was also pre-
pared but without the levamisole template. 

2.7. Fluorescence assay 

A novel buffer containing a mixture of 2 g NaAc, 2 g KAc, 2 g 
Trizma® Ac, 5 g KSCN and 5 g borax in 250 mL of ultrapure MilliQ H2O 
was prepared and the pH adjusted to 6. Thereafter, 200 μL of the purified 
AuZnFeSeS QDs@MIP nanocomposite (1 mg/mL) dissolved in the NaAc- 
KAc-Trizma® Ac-borax buffer solution pH 6 was mixed with 200 μL of 
levamisole (prepared in ultrapure MilliQ H2O). The probe solution was 
measured ~15 s after adding levamisole (inclusive of the stirring time 
and start of the fluorescence scan) within the fluorescence wavelength 
range of 210–1100 nm at an excitation wavelength of 200 nm stirred. 

3. Results and discussion 

3.1. Fabrication of the AuZnFeSeS QDs@MIP nanocomposite 

To fabricate the synthesis of the AuZnFeSeS QDs@MIP nano-
composite, AuZnFeSeS QDs was first synthesized in the organic phase 
and then surface-coated with SiO2. Generally, metal chalcogenide of 
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groups II-V1 and III-V elements of the periodic Table have been widely 
used to develop QD-based nanostructures [54]. However, materials such 
as silicon, molybdenum, carbon and AuNPs, can also be used to alter the 
optical properties of the QDs [49]. Au was incorporated into the QDs 
nanostructure with the aim of obtaining a strong plasmon-exciton 
(electron and hole) interaction that could lead to the generate of new 
optical properties. Particularly, colloidal QDs are attractive nano-
fluorophores for developing strong coupled systems with well-defined 
structures and nanometer precision due to their long exciton lifetime 
and large absorption cross section [55]. Hence, based on our previous 
study on the development of a polymeric-AuFeZnSe QDs [48], Au was 
embedded in the QDs nanostructure and additionally, S was introduced 
into the AuZnFeSe system to form a new NIR fluorescence-emitting 
AuZnFeSeS QDs. 

Fig. S1 shows the UV/vis absorption spectra of citrate-AuNPs and 
that of HDA-AuNPs (prepared via a ligand exchange reaction of citrate- 
AuNPs). From the displayed data, HDA-AuNPs was characterized by a 
well pronounced surface plasmon resonance absorption peak at 531 nm 
which was not broadened or overly red-shifted in comparison to the 
absorption spectrum of citrate-AuNPs. This proves to show that HDA- 
AuNPs used in the synthesis of the QDs was not aggregated. 

The synthesis of AuZnFeSeS QDs was carried out by reacting pre-
mixed precursor solutions of HDA-AuNPs, FeCl3, and zinc oleate in ODE 
together with organic surfactants such as HDA, oleylamine, TOPO, TOP 
and oleic acid. These organic surfactants functioned as capping agents to 

aid precise control of the QDs nucleation and growth. Both the FeCl3 and 
zinc oleate precursors were found to decompose completely with the 
embedded surfactant solution above 200 ᵒC within the timeframe of 40 
min. Once complete dissolution was achieved, both TOPSe and TOPS 
precursors were added concurrently into the synthetic solution to aid the 
formation of the AuZnFeSeS alloyed QDs. 

In the present study, we utilized excess amount of Fe and zinc oleate 
precursors which we believe allowed Se and S to react efficiently for the 
QDs nucleation and growth. Three reactions are generally expected to 
occur as illustrated in Eqs. (1–3):  

Au-FeZn (O)n + TOPSe → (Au-FeZnSe)(O)m(T)p k1                             (1)  

Au-FeZn (O)n + TOPS → (Au-FeZnS)(O)m(T)p k2                                (2)  

X(Au-FeZnSe)(O)m(T)p + Y(Au-FeZnS)(O)m(T)p → Au-FewZnxSeySz) 
(O)m(T)p                                                                                         (3) 

O represents the surfactants and/or solvent, T represents TOP, TOPO, 
TOPSe, TOPS, and k1 and k2 represents the rate constants of the syn-
thetic reactions 1 and 2, respectively. Reaction 1 occurs between Au- 
ZnFe precursors and TOPSe to form Au-FeZnSe nuclei, and reaction 2 
was formed between Au-ZnFe precursors and TOPS to form Au-FeZnS 
nuclei, representing reaction rate constant of k1 and k2, respectively. 
The crystal growth to form Au-FexZnwSeySz nanocrystals is represented 
by Reaction 3. It is imperative to emphasize that reactions 1–3 strongly 
depends on the nature of precursor type and their concentration, 

Fig. 1. SEM images and TEM images of the SiO2-AuZnFeSeS QDs (A and C) and the AuZnFeSeS QDs@MIP nanocomposite (B and D).  
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solvent, and the reaction temperature used in this work. The solvents 
used in this work can be classified as non-coordinating, weakly coordi-
nating, and coordinating solvents. ODE is classified as a non- 
coordinating solvent, whereas the other solvents are classified as hav-
ing coordinating groups of varying donation power. TOPO (via the ox-
ygen atom), TOPS (via the sulphur atom), oleic acid (via the oxygen 
atom), myristic acid (via the oxygen atom) and HDA (via amine) are 
metal-site-coordinating organic ligands, while TOP (via the phosphine 
atom) is a chalcogenide-metal-site coordinating ligand [56]. 

Fabrication of the AuZnFeSeS QDs@MIP nanocomposite involved 
the use of a free radical polymerization approach to overcoat the MIP as 
a shell layer around the AuZnFeSeS QDs core surface. Acrylamide was 
used as a functional monomer in solution with the SiO2-AuZnFeSeS QDs 
to interact with levamisole template via a network of non-covalent 
hydrogen bonding interaction. EGDMA was used as the cross-linking 
reactive agent while AIBN was used as the polymerization initiator to 
drive the polymerization process to completion. Fig. S2 shows the mo-
lecular structure of the functional monomer, cross-linking agent, initi-
ator, drug template, and the possible hydrogen bond formation between 
the monomer and the template. 

3.2. Structural properties 

Systematic manipulation of the shapes of inorganic nanocrystals 
remains a vital goal of modern materials chemistry research. The 
electro-optical properties of QDs are strongly dependent on the nano-
crystal size and shape. SEM was used to probe the surface morphology of 
the SiO2-AuZnFeSeS QDs and the AuZnFeSeS QDs@MIP nanocomposite. 
As shown in Fig. 1A and B, the morphology of the QDs and the QDs@MIP 
were each characterized by a porous and rough particle distribution 
with the particles stacked together in an irregular shape fashion. 
Fig. S3A and B shows the TEM images of HDA-capped AuNPs and the 
organic-phased AuZnFeSeS QDs. From the displayed data, HDA-capped 
AuNPs was characterized by a quasi-shaped spherical particle 
morphology while the morphology of the organic-phased AuZnFeSeS 
QDs revealed a well-defined spherical shaped particle distribution. As 
shown in Fig. 1C, the TEM image of the SiO2-AuZnFeSeS QDs was 
characterized by a mixture of spherical and rod-shaped particles with 
the rod particles being more distributed than the spherical-shaped par-
ticles. The average particle size estimation was ~13 nm. The small size 
of the SiO2-AuZnFeSeS QDs can be explained according to Smith and Nie 
proposed theory [57]. Smith and Nie proposed that the photostability, 
monodispersity and fluorescence quantum yield of polymer-capped QDs 
are strongly dependent on the optimal capping ratio. When the optimal 
capping ratio is approximately 1.5, it implies the QDs surface has been 
optimally coated with the appropriate number of polymers, yielding 
monodisperse, small-sized, highly photostable and high fluorescence 
quantum yield (> 50%) nanocrystals [57]. 

“Oriented attachment” is generally considered as the mechanism by 
which complex nanostructures are formed [58]. Via this mechanism, 
many interesting nanostructures can be formed because free surfaces are 
eliminated as a result of the nanocrystals being able to assemble together 
with optimum crystallographic alignment. Since the nanocrystal growth 
rate depends strongly on the monomer concentration, Oswald ripening 
occurs at low monomer concentration when small nanocrystal particles 
dissolve at the expense of larger-sized nanocrystals. Thus, such slow 
growth process favours spherical-shaped particle formation. Whereas, at 
high monomer concentration, the relative discrepancies between the 
growth conditions of different faces can trigger anisotropic shaped 
nanocrystal formation. In our work, we believe the growth rate of the 
QDs was superimposed between a slow and fast nucleation/growth 
process. On the other hand, we were able to control the growth condi-
tion of the different faces by precise variation in the ratio of the sur-
factants and capping agents and the use of HDA-AuNPs. It has also been 
reported that the inclusion of sodium oleate in seed-mediated synthesis 
of plasmonic nanoparticles can generate rod-shaped particles. In our 

work, sodium oleate was used in the synthesis of zinc oleate which we 
believe may have played a role in altering the shape dynamic of the QDs 
after the SiO2 coating [59]. The rod-shaped SiO2-AuZnFeSeS QDs aspect 
ratio was calculated as 2.0 according to Eq. (4) [60]:  

ʎLSPR = 95R + 420                                                                       (4) 

Where ʎLSPR = 614 nm. 
As shown in Fig. 1D, the TEM image of the AuZnFeSeS QDs@MIP 

core/shell nanocomposite was characterized by a quasi-spherical shaped 
particle morphology with an average size of 130 nm. The absence of rod- 
shaped particles as observed for the QDs, suggest that the growth ki-
netics of the QDs was distorted as a result of the MIP process. The 
presence of several individual spherical particles across the TEM 
monograph confirms the monodispersed nature of the AuZnFeSeS 
QDs@MIP nanocomposite. Therefore, we ascertain that agglomeration 
of the particles was greatly suppressed during the MIP process. 

Fig. 2A shows the PXRD pattern of the SiO2-AuZnFeSeS QDs and the 
AuZnFeSeS QDs@MIP nanocomposite. From the data, it is clear that the 
diffraction pattern of both the QDs and the QDs@MIP nanocomposite 
are similar and dominated by a strong and broad diffraction peak at 
around plane 20ᵒ. It is evident that both diffraction patterns resemble 
that of amorphous silica [61] with no visible diffraction peak at > 30ᵒ 

due to the strong silica coating. Such diffraction feature has been re-
ported previously for SiO2-coated QDs [62]. 

Fig. 2. (A) PXRD pattern of the SiO2-AuZnFeSeS QDs and the AuZnFeSeS 
QDs@MIP nanocomposite. DLS histogram plots of the (B) SiO2-AuZnFeSeS QDs 
and the (C) AuZnFeSeS QDs@MIP nanocomposite. 
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XRF was used to determine the elemental composition of the 
respective metal chalcogenides of the SiO2-AuZnFeSeS QDs nano-
structure. Due to the XRF instrumentation not been able to identify el-
ements below sodium in the periodic table, only the elemental 
composition of Au, Zn, Fe, Se, S and Si were determined. Hence, 
hydrogen, carbon, oxygen and nitrogen moieties embedded within the 
SiO2/MIP shell were not detected. The elemental composition values 
obtained for the SiO2-AuZnFeSeS QDs are Au (0.03%), Zn (4.5%), Fe 
(33.2%), Se (0.14%), S (~0.1%), and Si (47.9%) while the values ob-
tained for the AuZnFeSeS QDs@MIP are Au (~0.02%), Zn (~1.0%), Fe 
(22.8%), Se (0.06%), S (~1.7%), and Si (57.2%), respectively. From the 
results, all the metal components were each detected in the QDs and the 
QDs@MIP nanocomposite structure. However, in both the QDs and 
QDs@MIP nanocomposite, the %composition of Fe and Si were high 
while those of Au, Se, and S were very low. Generally, comparing the 
individual values of each metal in the QDs and the QDs@MIP nano-
composite, only the %composition of Si increased in the QDs@MIP 
nanocomposite relative to the QDs. Based on the observed results, the % 
composition of each metal obtained in the QDs@MIP nanocomposite 
may be a reflection of the MIP shelling process. 

3.3. Optical properties 

DLS was used to probe the polydispersity of the colloidal SiO2- 
AuZnFeSeS QDs and the AuZnFeSeS QDs@MIP nanocomposite in solu-
tion. Fig. 2B and C shows the hydrodynamic histogram size plots of the 
SiO2-AuZnFeSeS QDs and the AuZnFeSeS QDs@MIP nanocomposite. 
The size value obtained were ~381 nm for the SiO2-AuZnFeSeS QDs and 

~192 nm for the AuZnFeSeS QDs@MIP nanocomposite. Generally, hy-
drodynamic size value > 100 indicate that the colloidal NP is poly-
disperse in solution. However, bulky surface capping moieties such as 
SiO2 can induce high polydispersity index for nanomaterials in solution 
as we have observed in this work. Interestingly, we observed a reduction 
in the hydrodynamic size of the AuZnFeSeS QDs@MIP nanocomposite in 
comparison to the SiO2-AuZnFeSeS QDs. This indicates that the MIP 
shell effectively passivated the surface of the QDs. 

UV/vis absorption and fluorescence emission spectra of the organic- 
phased AuZnFeSeS QDs and the SiO2-AuZnFeSeS QDs are shown in  
Fig. 3A. For the organic-phased AuZnFeSeS QDs, the UV/vis absorption 
spectrum was characterized by an excitonic absorption peak at around 
646 nm while for the SiO2-AuZnFeSeS QDs, the UV/vis absorption 
spectrum was characterized by an excitonic absorption peak maximum 
at ~610 nm. The blue shift in the excitonic absorption peak of the SiO2- 
AuZnFeSeS QDs relative to the organic-phased AuZnFeSeS QDs may be 
due to the SiO2 coating. For the organic-phased AuZnFeSeS QDs, the 
fluorescence emission spectrum was projected at a wavelength 
maximum of 728 nm while for the SiO2-AuZnFeSeS QDs, the fluores-
cence emission was projected at ~732 nm. It was clearly evident that the 
respective precursor materials used in the QDs synthesis triggered the 
near-infrared fluorescence emission properties of the QDs. Surprisingly, 
the fluorescence emission of the QDs was not overly broad and no 
observable peak tailing at lower energy associated with deep trap state 
was seen. The inset of Fig. 3A shows the purified powdery particle form 
of the organic-phased AuZnFeSeS QDs and the SiO2-AuZnFeSeS QDs. 
From the display of the particles, it was evident that SiO2 coating on the 
QDs surface changed the particle colour from greyish black to light 

Fig. 3. (A) UV/vis absorption and fluorescence emission of the organic-phased AuZnFeSeS QDs and the SiO2-AuZnFeSeS QDs. (B) Fluorescence emission spectra of 
the SiO2-AuZnFeSeS QDs before and after layeing with the MIP shell. (C) Raman spectra of the SiO2-AuZnFeSeS QDs, AuZnFeSeS QDs@MIP and the AuZnFeSeS 
QDs@NIP nanocomposites. (D) FT-IR spectra of the SiO2-AuZnFeSeS QDs and the AuZnFeSeS QDs@MIP nanocomposite. Inset of Fig. 3A: Purified organic-phased 
AuZnFeSeS QDs and the SiO2-AuZnFeSeS QDs in solid powdery form. 
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brown. 
The fluorescence quantum yield of the QDs which is the ratio of 

photon emitted to photon absorbed was measured according to Eq. (5) 
to assess the photophysical properties of the QDs as it relates to its 
surface passivating efficiency and sensitivity: 

ΦQDs
F = ΦRHO

F
FQDs.ODRHO(λexc).n2

water

FRHO .ODQDs(λex).n2
ethanol

(5) 

ΦQDs
F represents the fluorescence quantum yield of the QDs, ΦRHO

F 
represents the fluorescence quantum yield of rhodamine 6 G (Φ = 0.95) 
which was used as the reference standard [63], FQDs and FRHO represents 
the integrated sum of the fluorescence intensity of the QDs and rhoda-
mine standard, ODRHO(λexc) and ODQDs(λexc) represents the absorbances of 
the rhodamine standard and QDs, while n2

water and n2
ethanol represents the 

squares of the refractive index of the QDs and rhodamine solvents, 
respectively. The estimated fluorescence quantum yield of the 
SiO2-AuZnFeSeS QDs was 66%. The value obtained was quite high for 
QDs emitting in the near-infrared region. The value proves to show that 
surface defect states in the QDs was suppressed to greater degree. 

As shown in Fig. 3B, the fluorescence of the SiO2-AuZnFeSeS QDs 

was enhanced after layering with the MIP shell. No significant peak 
broadening or red shifting of the AuZnFeSeS QDs@MIP fluorescence was 
observed in comparison to the fluorescence of the QDs (before MIP 
layering). This proves to show that the fluorescence of the AuZnFeSeS 
QDs@MIP nanocomposite was stable. The lack of peak tailing associated 
with deep trap state also confirms the fluorescence stability of the 
AuZnFeSeS QDs@MIP nanocomposite. Therefore, we can conclude that 
SiO2 passivation of the AuZnFeSeS QDs surface contributed to the QDs 
compactness and photostability whilst also aiding robust MIP shell 
layering. 

Raman analysis was used to probe the vibrational characteristics and 
surface properties of the SiO2-AuZnFeSeS QDs, AuZnFeSeS QDs@MIP 
and the AuZnFeSeS QDs@NIP nanocomposites. As shown in Fig. 3C, the 
Raman scattering spectra of the SiO2-AuZnFeSeS QDs, AuZnFeSeS 
QDs@MIP and the AuZnFeSeS QDs@NIP nanocomposites were pro-
jected at different intensities with all spectra almost having almost the 
same longitudinal optical phonons but with varying degree of peak shift 
and broadening. The difference in intensities gives strong credence to 
the variation in surface properties of the respective nanomaterials. For 
the SiO2-AuZnFeSeS QDs, the vibrational bands from 1200 to 1650 cm− 1 

Scheme 1. Schematic representation of the SiO2-AuZnFeSeS QDs@MIP nanocomposite synthetic preparation and detection mechanism for levamisole recognition.  
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were more broadened than for the other tested hybrid nanocomposites. 
This may provide strong evidence of the lack of polymerization on the 
QDs surface. One notable observation was that the Raman peaks of the 
AuZnFeSeS QDs@NIP nanocomposites at 1050, 1250 and 1400 cm− 1 

were narrower than the peaks for the AuZnFeSeS QDs@MIP nano-
composite. This observable feature may be used as the basis to differ-
entiate the imprinted levamisole template from the non-imprinted 
template. 

The FT-IR spectra of the SiO2-AuZnFeSeS QDs and the AuZnFeSeS 
QDs@MIP nanocomposite are shown in Fig. 3D. From the obtained re-
sults, the peaks at 772 cm− 1 and 1040 cm− 1 for the QDs and 779 cm− 1 

and 1043 cm− 1 for the QDs@MIP, corresponds to the Si-O and Si-O-Si 
stretching vibrations respectively. This proves to confirm the presence 
of the SiO2 coating on the QDs surface and its embedment within the 
MIP shell layer. The peak at 1528 cm− 1 for the QDs and 1524 cm− 1 for 
the QDs@MIP, can be assigned to the C = C bending vibration. The 
peaks at 1618 cm− 1 and 2926 cm− 1 for the QDs and 1625 cm− 1 and 
2926 cm− 1 for the QDs@MIP, can be assigned to the CO-NH and C-H 
stretching vibrations respectively. Generally, the expected functional 
moieties on the QDs and the QDs@MIP surface were all identified in the 
projected FT-IR spectra. The peak shift observed in some of the func-
tional groups on the QDs@MIP surface relative to the unbound QDs, 
may be due to the effects of the MIP shell layering. 

3.4. Mechanism of the detection 

The mechanism of the AuZnFeSeS QDs@MIP nanocomposite for 

levamisole detection as shown in Scheme 1 follows the general principle 
of template imprinting, template removal and template re-binding. As 
shown in Scheme 1, AuZnFeSeS QDs were synthesized in the organic 
phase via the organometallic hot injection pyrolysis of metal precursors. 
To coat the QDs surface with SiO2, APTES was used as the functional 
monomer, TEOS was used as the cross-linker and NH3. OH in H2O was 
used as the catalyst. SiO2 coating on the QDs surface served as a rigid 
passivating layer to render the QDs compact, stable, and biocompatible. 
The amino groups of APTES can interact non-covalently via hydrogen 
bond formation with the functional moiety of the acrylamide monomer. 
Acrylamide monomer can also interact non-covalently with the template 
levamisole while the presence of EGDMA and AIBN allows the poly-
merization process to reach completion with the embedded levamisole 
template. The levamisole template was then removed from the MIP layer 
in which the removal process led to the formation of cavities specific to 
the size and shape of levamisole. Detection of levamisole was achieved 
via a rebinding process on the MIP layer while the bound QDs transduces 
the signal of the rebinding process in the form of changes in the fluo-
rescence intensity. Generally, MIP shell coating on the QDs surface led to 
fluorescence enhancement of the QDs with the enhancement process 
thought to emanate from the radiative exciton (electron and hole) 
recombination process of the QDs. However, the rebinding process of 
levamisole on the MIP layer led to quenching of the bound QDs fluo-
rescence and such process can be thought to emanate from the non- 
radiative exciton recombination process of the QDs. 

Scheme 2 shows the descriptive QDs excited state processes. When 
the QDs is excited, an electron-hole pair is formed where electron from 

Scheme 2. Schematic representation of band structure of QDs showing the excited state fluorescence processes. VB = Valence band and CB = conduction band. 
Analyte (A) is used to represent the surface interacting component. 
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the valence band is promoted to the conduction band via energy ab-
sorption. This process then leaves behind a positive charged hole of 
opposite electric charge in the valence band. The promoted electron is 
generally bound to the hole by coulomb force. Recombination of the 
electron-hole pair occurs when the QDs is excited to generate emission 
light of certain wavelength which corresponds to the QDs bandgap en-
ergy. When the QDs fluorescence is quenched, the electron-hole 
recombination process is inhibited because the hole becomes trapped 
by surface interacting components. This process leads to the generation 
of non-radiative emission light. Conversely, when the QDs fluorescence 
is enhanced, the electron-hole recombination process is activated lead-
ing to the generation of radiative emission light [64]. 

3.5. Optimization of the fluorescence assay 

Prior to optimizing the fluorescence assay for levamisole, we studied 
the effect of the MIP shell layering on the SiO2-AuZnFeSeS QDs fluo-
rescence in different buffer systems and at different pH with the dis-
cussion and data provided in the Supplementary Information section 
(Fig. S4A-C). In order to study the effect of buffer type on the fluores-
cence detection of levamisole using the AuZnFeSeS QDs@MIP nano-
composite, five novel buffer solutions composed of NaAc-KAc-MES- 
KSCN-borax (buffer 1), NaAc-KAc-Trisma Ac-KSCN-borax (buffer 2), 

NH4Ac-Trisma Ac-MES-KSCN-borax (buffer 3), NH4Ac-NaAc-KCl-KSCN- 
borax (buffer 4) and NH4Ac-KAc-Trisma Ac-KSCN-borax (buffer 5), were 
prepared. Both the SiO2-AuZnFeSeS QDs and the AuZnFeSeS QDs@MIP 
nanocomposite were dissolved in each buffer system while levamisole 
was prepared in ultrapure Milli-Q water. As shown in Fig. 4A, the 
generated fluorescence signal for levamisole was specific for each tested 
buffer system. From our result, the efficiency of the fluorescence signal 
for levamisole detection followed the order: buffer 2 > buffer 5 > buffer 
4 > buffer 3 > buffer 1. Hence, buffer 2 was chosen as the choice buffer 
for the fluorescence assay. 

The effect of pH using the choice buffer 2 was studied for levamisole 
detection using the AuZnFeSeS QDs@MIP nanocomposite. As shown in 
Fig. 4B, the obtained fluorescence signal increased steadily as the pH 
increased and peaked at pH 6, then decreased sharply at pH 7. It is 
important to note that the measured fluorescence intensity signal was 
strongly dependent on the ionic strength of the QDs sample. This is due 
to the complex relationship between proton activity and the pH sensitive 
QDs concentration. Hence, the sudden decrease in the fluorescence in-
tensity signal of the AuZnFeSeS QDs@MIP probe at pH 7 can be 
explained to this effect. Based on our result, pH 6 was chosen as the 
choice pH for levamisole detection. Fig. 4C shows the effect of the 
AuZnFeSeS QDs@MIP nanocomposite concentration on the fluorescence 
response of levamisole studied from 0.2 to 2 mg/mL. From the observed 

Fig. 4. Effect of buffer type (A), pH (B) and the AuZnFeSeS QDs@MIP nanocomposite concentration (C) on the fluorescence intensity of the AuZnFeSeS QDs@MIP 
nanocomposite for levamisole detection. Buffer 1 = NaAc-KAc-MES-KSCN-borax; buffer 2 = NaAc-KAc-Trisma Ac-KSCN-borax; buffer 3 = NH4Ac-Trisma Ac-MES- 
KSCN-borax; buffer 4 = NH4Ac-NaAc-KCl-KSCN-borax, and buffer 5 = NH4Ac-KAc-Trisma Ac-KSCN-borax. [Levamisole] = 100 μM in Milli-Q H2O. F0 (Control) 
= AuZnFeSeS QDs@MIP nanocomposite (1 mg/mL) dissolved in the NaAc-KAc-Trizma® Ac-borax buffer solution pH 6. F = Fluorescence intensity signal for le-
vamisole detection. 

O. Adegoke et al.                                                                                                                                                                                                                                



Colloids and Surfaces A: Physicochemical and Engineering Aspects 646 (2022) 129013

10

data, the generated fluorescence signal for levamisole increased from 
0.2 to 0.6 mg/mL, then decreased sharply at 0.8 mg/mL and reached 
optimum fluorescence signal at 1 mg/mL. At 1.2 mg/mL, the fluores-
cence intensity signal decreased sharply relative to the signal at 1.0 mg/ 
mL whilst the observed signal trend up until 2.0 mg/mL exhibited near 
equilibrium in the generated data. Hence, 1 mg/mL AuZnFeSeS 
QDs@MIP concentration was chosen as the choice concentration for 

levamisole detection. 

3.6. Selectivity of the fluorescence assay 

The selectivity of the AuZnFeSeS QDs@MIP and AuZnFeSeS 
QDs@NIP nanocomposites towards levamisole was investigated. 
Cocaine which is usually laced with levamisole and other common illicit 
drugs such as MDMA, AMP and MAMP were used as interferents to 
probe the selectivity of the developed fluorescence assay. As shown in  
Fig. 5, using the AuZnFeSeS QDs@MIP probe, the fluorescence signal 
obtained for levamisole was far superior to the fluorescence response 
obtained for the tested interferent drugs. More importantly, the fluo-
rescence signal for levamisole was at least 3-fold higher than the fluo-
rescence signal for MAMP. Conversely, using the AuZnFeSeS QDs@NIP 
nanocomposite, no selectivity towards levamisole was achieved. This 
demonstrates that the AuZnFeSeS QDs@NIP did not exhibit the required 
affinity for levamisole recognition. Based on our result, it is appropriate 
to conclude that the developed AuZnFeSeS QDs@MIP nanocomposite 
possesses high affinity for levamisole due to the drug being able to 
selectively rebind into the created cavities of the MIP shell. 

3.7. Quantitative levamisole detection 

Quantitative detection of levamisole was carried out to validate the 
efficacy of the AuZnFeSeS QDs@MIP nanocomposite to detect different 
concentrations of the drug. The concentration of levamisole was detec-
ted in the range of 0.5 – 100 μM as shown in Fig. 6A and B. In Fig. 6A, 
increasing concentration of detected levamisole was directly reflected in 
the simultaneous and steady symmetric decrease in the fluorescence 
emission spectra of the AuZnFeSeS QDs@MIP nanocomposite. Most 
importantly, the fluorescence spectra of the AuZnFeSeS QDs@MIP 
nanocomposite upon levamisole quantitative detection did not result in 
any significant spectral shift or broadening. This demonstrated the 
unique fluorescence emission stability of the AuZnFeSeS QDs@MIP 
nanocomposite. The corresponding fluorescence calibration signal plot 
shown in Fig. 6B revealed that levamisole detection followed a linear 
regression pattern. The limit of detection (LOD) was determined by 
multiplying the standard deviation of blank measurement (n = 10; 
1.348) by three and dividing by the obtained calibration slope value 
(slope = 85.232). The obtained LOD for levamisole detection was 
47.4 nM. 

Furthermore, the efficacy of the AuZnFeSeS QDs@NIP nano-
composite to quantitatively detect levamisole was investigated. As 
shown in Fig. S5, levamisole could not be detected quantitatively using 
the AuZnFeSeS QDs@NIP nanocomposite as the response obtained 
lacked a symmetric signal intensity trend, clearly indicating that the 
AuZnFeSeS QDs@NIP nanocomposite lacked the affinity to rebind le-
vamisole. Thus, the unsymmetric intensity signal generated showed 
clearly that the AuZnFeSeS QDs@NIP nanocomposite did not function as 
an affinity-based fluorescence probe for levamisole. 

3.8. Detection in mixed drug sample 

Detection of levamisole in mixed drug sample containing cocaine 
was carried out to validate the efficacy of the AuZnFeSeS QDs@MIP 
nanocomposite to detect levamisole within such a sample. Since 

Fig. 5. (A) Fluorescence intensity signal of the AuZnFeSeS QDs@MIP nano-
composite for levamisole detection in comparison to other tested drugs. The 
fluorescence intensity signal of the AuZnFeSeS QDs@NIP for levamisole and 
other tested drugs is also shown for comparison. [Drugs] = 100 μM in Milli-Q 
H2O. F0 (Control) = AuZnFeSeS QDs@MIP or AuZnFeSeS QDs@NIP nano-
composite (1 mg/mL) dissolved in the NaAc-KAc-Trizma® Ac-borax buffer so-
lution pH 6. F = Fluorescence intensity signal for levamisole detection. 

Fig. 6. (A) Fluorescence emission spectra of the AuZnFeSeS QDs@MIP nano-
composite for levamisole quantitative detection and (B) the corresponding 
calibration signal plot. Inset: linear calibration plot for levamisole detection. F0 
(Control) = AuZnFeSeS QDs@MIP nanocomposite (1 mg/mL) dissolved in the 
NaAc-KAc-Trizma® Ac-borax buffer solution pH 6. F = Fluorescence intensity 
signal for levamisole detection. 

Table 1 
Analytical parameters of the AuZnFeSeS QDs@MIP nanocomposite probe for 
levamisole detection in mixed drug sample containing cocaine.  

Cocaine, 
µM 

Levamisole added, 
µM 

Found 
(µM) 

Recovery 
(%) 

RSD (%, 
n = 3)  

100  100 92.6  92.6  4.7  
50 50.5  101.1  8.3  
10 ~10.1  100.9  1.8  
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levamisole is commonly mixed with cocaine, a series of levamisole- 
cocaine samples were prepared by mixing different concentrations of 
levamisole with a fixed concentration of cocaine. As shown in Table 1, 
different concentrations of levamisole were successfully detected in the 
prepared mixtures using the AuZnFeSeS QDs@MIP nanocomposite with 
satisfactory analytical recoveries. The obtained result clearly demon-
strates the efficacy of the AuZnFeSeS QDs@MIP nanocomposite to 
sensitively detect different concentrations of levamisole within the 
mixed drug sample. 

Table 2 shows the comparison of the analytical parameters of the 
AuZnFeSeS QDs@MIP fluorescence probe with other published tech-
niques. From the comparative data, the LOD obtained for levamisole 
recognition was lower than the published values obtained from other 
techniques. Also, none of the other techniques demonstrated the efficacy 
of detecting levamisole in an adulterated cocaine sample which we have 
successfully demonstrated in this work. 

4. Conclusions 

In this work, we have successfully fabricated the development of a 
novel AuZnFeSeS QDs@MIP nanocomposite fluorescent probe for le-
vamisole detection in water and in mixed drug sample. SiO2- AuZnFeSeS 
QDs was synthesized via the hot-injection organometallic pyrolysis of 
metal precursors and was surface-coated with SiO2 to generate a 
compact, stable and biocompatible QDs system. Using a free radical 
polymerization synthetic approach, a core/shell AuZnFeSeS QDs@MIP 
nanocomposite fluorescent probe was developed for levamisole. We 
successfully proved the strong affinity of the MIP-levamisole binding 
interaction based on the symmetric quantitative fluorescence signal 
obtained using the AuZnFeSeS QDs@MIP nanocomposite. The AuZnF-
eSeS QDs@MIP nanocomposite probe was highly selective for levami-
sole with the fluorescent signal being at least 3-fold higher than the 
fluorescence response obtained from other tested drugs. Quantitative 
detection of levamisole was accomplished with high sensitivity over 
other published techniques. Finally, we successfully detected levamisole 
in mixed drug sample containing cocaine with satisfactory recoveries. 
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