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Abstract A novel dual-function material was synthesized by
anchoring a molecularly imprinted polymer (MIP) layer on
Mn-doped ZnS quantum dots (QDs) via a sol-gel process
using 3-aminopropyltricthoxysilane (APTES) as a functional
monomer, tetracthoxysilane (TEOS) as cross-linker, and
nicosulfuron as template through a surface imprinting method.
The amino groups in the APTES interact with the functional
groups in the template molecules to form a complex through
hydrogen bonding. The energy of the QDs was transferred to
the complex, resulting in the quenching of the QDs and thus
decreasing the fluorescence intensity, which allowed the
nicosulfuron to be sensed optically. Fluorescence intensity
from MIP-coated QDs was more strongly quenched by
nicosulfuron than that of the non-imprinted polymer, which
indicated that the MIP-coated QDs which acted as a fluores-
cence probe could selectively recognize nicosulfuron. Under
the optimal conditions, it can detect down to 1.1 nmol L™" of
nicosulfuron, and a linear relationship has been obtained cov-
ering the concentration range of 12-6000 nmol L' The re-
coveries were in the range from 89.6 to 96.5 %, and the rela-
tive standard deviations were in the range of 2.5-5.7 %. The
present study established a new strategy to combine inorganic
(Mn-doped ZnS QDs)-organic MIPs, which is successfully
applied to determine nicosulfuron in water samples.
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Introduction

Molecular imprinting emerged as a powerful technique for
preparation of polymeric materials with high recognition abil-
ity and has attracted tremendous research interest from scien-
tists engaged in sensor development due to their unique prop-
erties, such as high selectivity, physical robustness, thermal
stability, as well as low cost and easy preparation [1-3]. Mo-
lecularly imprinted polymers (MIPs) are synthetic polymers
with specific cavities designed for template molecules [4].
Because of its imprinting according to the size, shape, and
functional groups of a template molecule, MIPs act as an
artificial specific receptor [5]. Their binding mechanism is
similar to the “key-lock” principle of enzymes, thereby
allowing high affinity and specificity for its template [6]. Gen-
erally, there are three binding interactions between template
and monomers such as covalent, non-covalent, and semi-
covalent [7]. Most of the used monomers are commercially
available, and they exhibit excellent mechanical and chemical
stability, high binding affinity, and selective target recognition
ability [8]. After the template removed, specific cavities were
left that can selectively rebind template molecules in size,
shape, and functional groups [9]. In addition, the high selec-
tivity of MIPs, their simplicity of production, and less strict
operation conditions compared to immunosorbents make their
applications remarkably widespread.

In recent years, quantum dots (QDs) have been widespread
which was caused by their unique optical and electronic prop-
erties. QDs have large surface-to-volume ratio and confine-
ment effect [10]. QDs have proved to be promising in a num-
ber of applications in many scopes such as sensors [11], solar
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cells [12], lasers [13], light emitting diodes [14], and biolog-
ical imaging [15]. QDs have been used to sense and recognize
the organic and inorganic compounds in environment [16].
They have some advantages, such as good photostability,
bright photoluminescence, narrow emission, broad excitation,
high quantum yields, and large Stokes shift [17, 18]. Most of
the experimentally studied and commercial QDs are synthe-
sized via traditional organometallic methods, which contain
highly toxic elements, such as cadmium, lead, and mercury,
and use organic solvents and ligands at high temperatures
[19]. In recent years, the emphasis has shifted toward the
fabrication of non-cadmium-based QDs. Out of various 11—
VI semiconductor QDs, ZnS has attracted a lot of attentions
due to its wide direct band gap (3.67 eV at room temperature
for cubic phase ZnS), large exciton binding energy
(~40 meV), and its potential application. With Mn?" as the
dopant, Mn*" ions incorporated into ZnS nanocrystals act as
luminescence centers. The orange emission observed at
595 nm originates from the *T;—°A, transition of the Mn*"
ions on Zn*" sites, where Mn*" is tetrahedrally coordinated by
S?” [20]. Moreover, coating the surface of these semiconduc-
tor nanoparticles with suitable ligands or capping agents has
profound effects on the photoluminescence response of the
QDs to some chemical species [21].

Nicosulfuron composed of a sulphonyl structure linked to a
urea group which belongs to sulfonylurea herbicides. The struc-
ture of nicosulfuron was shown in Fig. S1 (see Electronic Sup-
plementary Material (ESM)). Sulfonylurea herbicides, discov-
ered in the mid-1970s, are a class of low-application-rate herbi-
cides increasingly used for the control of broad-leaved weeds
and some grasses in cereals and other row crops owing to their
high herbicidal activity [22]. However, these economic benefits
are not without risk to human health and environmental damage.
They have toxicity and potential adverse influence on ecosystem
which exist in the center of health and safety consideration [23].
In addition, due to their high solubility in water, moderate to
high mobility, and slow degradation, they are being detected in
surface and groundwater [24]. They have other defects, such as
chemical and thermal instability. Because of these defects, it is
an important challenge to establish a simple detection method
for these compounds in environmental samples [23].

Analytical methods such as high-performance liquid chro-
matography (HPLC) [23], liquid chromatography—mass spec-
trophotometry (LC-MS) [25], and gas chromatrography (GC)
[26] have been developed for the determination of herbicides.
Although these methods show promising results for sensitive
detection of herbicides, there are still some hindrances includ-
ing sophisticated instrumentation, extensive sample prepara-
tion, and the need for highly skilled personnel. Therefore, it is
necessary to determine herbicides in environmental samples
with a simple and effective method.

In this work, a simple procedure was developed to synthe-
size MIP-coated QDs as a probe material by using
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nicosulfuron as a template molecule. Fluorescence spectro-
photometer, Fourier transform infrared spectroscopy (FT-IR),
transmission electron microscope (TEM), and X-ray powder
diffraction (XRD) were applied to the characterization of
MIP-coated QDs. The response of fluorescence intensity and
the application capability of the developed molecularly
imprinted probe material were fully evaluated in a series of
experiments, and the possible mechanism was discussed.
Then, the MIP-coated QDs were used as fluorescence probe
to offer a convenient, rapid, and accurate determination
proposal.

Experimental
Samples and reagents

The standards of nicosulfuron and chlorimuron-ethyl were ob-
tained from Sigma-Aldrich (St. Louis, MO, USA). Zinc sulfate
heptahydrate (ZnSO,4-7H,0) was obtained from Shuangchuan
(Tianjin, China). Manganese (II) chloride tetrahydrate (MnCl,-
4H,0) was obtained from Bodi (Tianjin, China). Sodium sul-
fide (Na,S-9H,0) was obtained from Kaitong (Tianjin, China).
L-Cysteine was purchased from Energy Chemical (Shanghai,
China). 3-Aminopropyltriethoxysilane (APTES) was obtained
from Aladdin (Shanghai, China). Ammonium hydroxide (NH3-
H,O, 25 %) was obtained from Guangfu (Tianjin, China).
Tetraethoxysilane (TEOS), ethanol, methanol, acetic acid
(CH3COOH), and sodium hydroxide (NaOH) were purchased
from Kermel (Tianjin, China). All chemicals employed in this
study were of analytical grade. High-purity water was obtained
from a Milli-Q water system (Millipore, Billerica, MA, USA).

Nicosulfuron was dissolved in methanol to prepare the
stock solution (2.5 mmol L"), which was stored in dark con-
dition at 4 °C. The working solutions were prepared daily by
diluting the stock solution.

Three river water samples were collected from Harbin
(China). All water samples were stored in a refrigerator at
4 °C. The pH ofriver water samples was in a range of 6.5-7.5.

Apparatus

Fourier transform infrared (FT-IR) 360 spectrometer (Nicolet,
Madison, WI, USA) was used for the characterization of func-
tional groups of MIP-coated QDs. The X-ray diffraction
(XRD) spectrum was collected on a Shimadzu XRD-600 dif-
fractometer (Kyoto, Japan) with Cu Ko radiation. The mor-
phology of MIP-coated QDs was observed with a transmis-
sion electron microscope (TEM) (H7650, Hitachi, Japan). UV
spectrum was recorded on TU-1901 spectrometer (PERSEE,
Beijing, China). The size of QDs and MIP-coated QDs was
observed with Malvern Zetasizer model Nano ZS90 (Malvern,
England). Fluorescence intensity studies were carried out at
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room temperature by using F-4600 fluorescence spectropho-
tometer (Hitachi, Japan) which was equipped with a plotter
unit and a quartz cell. A KQ5200E ultrasonic apparatus
(Kunshan Instrument, Kunshan, China) was used for making
samples dispersed evenly.

Synthesis of MIP-coated QDs

The synthesis process of MIP-coated QDs involves two major
steps: synthesis of Mn-doped ZnS QDs is the first step, and the
surface imprinting of polymers onto modified Mn-doped ZnS
QDs is the second step.

The synthesis method of Mn-doped ZnS QDs was shown
as follows. At first, 25 mmol of ZnSO,7H,0, 2 mmol of
MnCl,4H,0, and 80 mL of water were kept stirring for
20 min under the protection of nitrogen gas. Then, 10 mL,
25 mmol Na,S-9H,0 solution was added drop into the mix-
ture [27]. After stirred for 30 min, 10 mL, 1.25 mmol L-cys-
teine solution was added for modifying the Mn-doped ZnS
QDs. The pH value of the solution was adjusted to 11.0 with
1.0 mol L' NaOH. After stirred for 20 h, the modified Mn-
doped ZnS QDs was obtained. Finally, the modified Mn-
doped ZnS QDs was washed three times with ethanol.

The synthesis method of MIP-coated QDs was carried out
as follows. Nicosulfuron (0.1 g) was dispersed into 100 mL
ethanol. Then, APTES (5 mL) was added. After stirred for
30 min, TEOS (10 mL) was added. Then, stirred for 5 min;
the modified Mn-doped ZnS QDs (0.5 g) and NH3-H,O
(5 mL) were added into the mixture. After stirred for 24 h,
the template was removed by Soxhlet extraction with metha-
nol: acetic acid (19:1, v/v) until no template molecules were
detected. After dried in a vacuum, MIP-coated QDs were
obtained.

The non-imprinted polymer-coated Mn-doped ZnS QDs
(NIP-coated QDs) were prepared using the same procedure
without addition of the template nicosulfuron.

Fluorescence analysis

Fluorescence analysis was performed on an F-4600 fluores-
cence spectrophotometer. The spectra were observed at a
wavelength in the range from 500 to 700 nm when the exci-
tation wavelength was at the 300 nm. Slit widths (10 nm), scan
speed (240 nm min '), and excitation voltage (550 V) were
kept constant within each data set, and each spectrum was the
average of three scans. Quartz cell (1 cm path length) was used
for all measurements.

Measurements of fluorescent response to nicosulfuron
In a centrifuge tube, MIP-coated QDs or NIP-coated QDs

(30 mg) were added. And the different quantity of nicosulfuron
was also added. The solution pH was adjusted to 9.0 with

sodium hydroxide. The constant volume was 30 mL. The fluo-
rescence analysis was carried out after fully mixing.

In order to evaluate the potential application, the river water
samples were analyzed. The 220-nm microporous membranes
were used to filter water samples. The recovery study was
conducted by spiking water samples with certain volume of
nicosulfuron.

Results and discussion

The synthesis of MIP-coated Mn-doped ZnS QDs consists of
the following steps: the preparation of Mn-doped ZnS QDs,
the modification of L-cysteine, the formation of MIPs,, and
elution of nicosulfuron, presented in Fig. 1.

In order to improve the luminescent properties and affinity
of ZnS QDs to analyte, Mn>" jons are doped into the ZnS QDs
by the precipitation of Zn>* with S*” in the presence of Mn*".
In addition, such a long lifetime makes the luminescence from
the nanocrystal readily distinguished from any background
luminescence.

L-Cysteine is an amino acid that has been used for synthesis
of water compatible fluorescent probes. Such ligand can bind
to the surface of the Mn-doped ZnS nanoparticles through the
sulfur atom of the mercapto group, while the carboxylic acid
group provides water compatibility.

In our experiment, APTES was used as a functional mono-
mer. There was a strong non-covalent interaction between
APTES and nicosulfuron which was necessary during the mo-
lecular imprinting process. These functional monomers
(APTES) around the template (nicosulfuron) were polymer-
ized with cross-linker (TEOS). The NH3-H,O was chosen as a
catalyst, while the L-cysteine-modified QDs were unstable in
the acid environments such as acetic acid. The amino groups
(—NH,) in the molecules of APTES interact with the function-
al groups in the template molecules to form a complex through
hydrogen bonding, which mainly caused the fluorescence
quenching. After templates were removed from the cross
linked matrix, the cavities with complementary size, shape,
and orientation of functionalities were left behind.

Characterization of the MIP-coated QDs

FT-IR spectra of modified QDs and MIP-coated QDs are
shown in Fig. 2a. The peaks 1635 and 1639 cm ' as shown
in two curves were due to C=0O group which belongs to L-
cysteine. In MIP-coated QDs curve, Si-O-Si asymmetric
stretching was observed around 1070 cm ™' which was a
strong and broad peak. The bands about 459 and 797 cm™ '
were indicated by the Si-O vibrations. The bands at 3430 and
1559 cm ™! were N-H stretching. TEM of Mn-doped ZnS QDs
and MIP-coated QDs were shown in Fig. 2b, c, respectively.
The XRD of the modified QDs and the MIP-coated QDs in
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Fig. 1 The preparation process of MIP-coated QDs

Fig. 2d showed that both modified QDs and MIP-coated QDs
had face-centered cubic structure. The XRD patterns of MIP-
coated QDs were assigned to the (111), (220), and (311) re-
flections of the cubic phase Mn-doped ZnS, further suggesting
the successful fabrication of MIP-coated QDs. In Fig. S2 (see
ESM), dynamic light scattering measurements showed that
the size of QDs and MIP-coated QDs in the present study
are about 6 and 27 nm, respectively. All those showed that
the MIPs were grafted on the surface of the QDs.

Fluorescence study

The excitation wavelength from 280 to 330 nm was selected
to investigate the fluorescence intensity of the MIP-coated
QDs. MIP-coated QDs exhibited strong fluorescence intensity
at 595 nm which was obtained at the excitation wavelength of
300 nm. It is the 4T' —6A" transition of the Mn*" impurity
that leads to the strong orange peak. Moreover, because MIP-
coated QDs have very homogeneous sizes, the fluorescence
intensity was very strong and the orange peak was sharp.

@ Springer

In order to elucidate the selectivity of the MIP-coated QDs
in aqueous media, we prepared the NIP-coated QDs with the
same experimental conditions as MIP-coated QDs ones with-
out templates (nicosulfuron). Emission spectra of QDs, MIP-
coated QDs, and NIP-coated QDs were illustrated in Fig. S3
(see ESM). Compared with QDs (spectrum a), the fluores-
cence intensity of MIP-coated QDs (spectrum c) was not only
decreased but also had enough sensitivity to detect target mol-
ecule. The fluorescence of MIP-coated QDs was relatively
weak before removal of templates (spectrum d). However,
after simple washing with methanol and acetic acid (19:1,
v/v), the fluorescence intensity of MIP-coated QDs was re-
stored dramatically. Furthermore, the wavelength of emission
has no changes, and there are no differences in overall shape
of spectrum. Because the templates were removed completely
from the recognition cavities in the MIP-coated QDs, the
MIP-coated QDs have the similar fluorescence intensity with
NIP-coated QDs (spectrum b). It indicated that MIP-coated
QDs have adsorption and desorption capabilities. It suggested
that MIP-coated QDs actually facilitate the application for
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Fig. 2 Fourier transform infrared

spectroscopy spectra of QDs and a
MIP-coated QDs, respectively

(a), transmission electron

microscope image of Mn-doped

ZnS QDs (b), transmission

electron microscope image of

MIP-coated QDs (¢), and X-ray

diffraction pattern of QDs and

MIP-coated QDs, respectively (d)
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rapid and simple quantification of analytes in aqueous media
without preconcentration.

The effect of pH

MIP-coated Mn-doped ZnS QDs are sensitive to chemicals in
their surrounding environment including acids, bases, metallic
ions, and biomolecules like proteins. The fluorescence inten-
sity has direct correlate with pH values. In general, the fluo-
rescence intensity of MIP-coated QDs was enhanced in alka-
line medium and quenched in acidic one. The pH in the range
of 4-12 was investigated to choose the optimum pH value.
The pH value was adjusted by HCI and NaOH aqueous solu-
tions. The results showed a decrease of the fluorescence in-
tensity of MIP-coated QDs at pH lower than 7. The MIP-
coated QDs and template molecule was bound through hydro-
gen bond. In acid medium, the hydrogen bond was decreased
by hydrogen ion in solution. Moreover, under the condition of
high alkaline, template molecule was hydrolyzed. The maxi-
mum fluorescence intensity of Fo/F was obtained in pH of 9.
Typical evolution of fluorescence intensity versus pH for
MIP-coated QDs is described in Fig. S4 (see ESM). So, the
detection was carried out at pH 9.

The stable fluorescence emission measurement
of MIP-coated QDs

In order to evaluate the fluorescence stability, the fluorescence
emission intensity was repeatedly detected in every 5 or
10 min (Fig. S5, see ESM). This result indicates that the

d am

(220) 311,

QDs

MIP-coated QDs

20 30 40 50 60 70 80 90
26 (degrees)

developed fluorescence probe possesses stability. The fluores-
cence intensity was maintained for 90 min because the QDs
were well protected by the MIPs.

The effect of incubation time

In order to guarantee that analytes completely interact with
recognition sites in the polymer matrixes, the effect of incu-
bation time was investigated. As shown in Fig. 3, the fluores-
cence intensity decreased dramatically at the first stage; how-
ever, when the incubation time was 10 min, the fluorescence
was slightly quenched. And the adsorption equilibrium
emerged after incubation for 10 min, indicating that certain
time was needed to complete the interaction. Therefore, the
experiments were carried out after 10 min.

2500
2000 'E—E\i—i——i——i\i—i—i—i
1500
1000 |

500

Fluorescence intensity (a.u.)

0 1 1 1 1 1 1 1 1 ]
0 20 40 60 80 100 120 140 160 180
t(min)

Fig. 3 Influence of incubation time on the fluorescence quenching
reaction between the MIP-coated QDs and nicosulfuron (60 nmol L")
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MIP- and NIP-coated QDs with template molecule
of different concentrations

These MIP-coated QDs were successfully applied to the se-
lective, sensitive, and direct fluorescence quantification of
nicosulfuron in aqueous media without preconcentration and
any expensive instruments. In order to prove the recognition
ability of the MIP-coated QDs versus that of the NIP-coated
QDs, the recognition of nicosulfuron was performed in aque-
ous media with different concentrations ranging from 12 to
6000 nmol L ™" (Fig. 4). It could be seen that the fluorescence
intensity of MIP-coated QDs was quenched gradually with the
increasing concentration of nicosulfuron (Fig. 4a), which in-
dicated that nicosulfuron has been adsorbed onto the
imprinted cavities conjugated with the MIPs in the MIP-
coated QDs. The change of fluorescence intensity of the
NIP-coated QDs (Fig. 4b) was less sensitive than that of the
MIP-coated QDs with nicosulfuron. The inset in Fig. 4 ex-
hibits the linear calibration plot of fluorescence intensity
against concentration of nicosulfuron.

Selective adsorption on MIP-coated QDs

To demonstrate that the obtained MIP-coated QDs can selec-
tively adsorb the target molecule even in a mixed system con-
taining other molecules, we performed a selectivity study by
comparing the fluorescence intensity response of the MIP-
coated QDs composites to their template molecule with that

Fig. 4 Fluorescence emission 35
spectra of MIP-coated QDs (a)
and NIP-coated QDs (b) with
addition of the indicated
concentrations of nicosulfuron.
Fluorescence emission spectra of
MIP-coated QDs (c) and NIP-
coated QDs (d) with addition of
the indicated concentrations of
chlorimuron-ethyl
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to their structural analogue. The chemical structure of ana-
logue molecule chlorimuron-ethyl was shown in Fig. S1 in
the ESM. The relationship obtained for analogue
chlorimuron-ethyl interacting with MIP- and NIP-coated
QDs is given in Fig. 4c, d. As shown in Fig. 4a, c, the highest
response to its target analyte and a lower fluorescence
quenched effect to the structural analogue were observed.
However, the NIP-coated QDs do not exhibit obvious differ-
ence in fluorescence intensity response between template and
its structural analogue. The results suggested that MIP-coated
QDs were specific to nicosulfuron but nonspecific to
chlorimuron-ethyl.

As can be seen from Fig. 4, we can also find that the fluo-
rescence quenching of NIP-coated QDs for nicosulfuron is
higher than that of MIP-coated QDs for chlorimuron-ethyl.
NIP-coated QDs have no imprinted cavities but have function-
al groups of APTES. Therefore, there existed interactions be-
tween NIP-coated QDs and nicosulfuron. Compared with
chlorimuron-ethyl, nicosulfuron has more functional groups
interacted with polymers. MIP-coated QDs have the special
cavities to nicosulfuron. Chlorimuron-ethyl has some differ-
ences with nicosulfuron in structure, especially lack of some
functional groups interacting with APTES.

Fluorescence quenching analysis

After adding the template nicosulfuron, a main reason for the
fluorescence quenching was the interaction between the
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template molecule and the MIP-coated QDs. The responsible
fluorescence quenching mechanism of MIP-coated QDs is a
charge transfer from QDs to nicosulfuron. Such charge trans-
fer mechanism has also been reported by Tu and Liu [28] and
Wang and He [29]. The UV absorption band of nicosulfuron is
close to the band gap by the absorption spectra of MIP-coated
QDs (Fig. S6, see ESM). These charges of the conductive
bands of the QDs can transfer to the lowest unoccupied mo-
lecular orbital of the UV band of nicosulfuron. We can ex-
clude energy transfer as a possible mechanism for fluores-
cence quenching because there is no spectral overlap between
the absorption spectra of nicosulfuron and the emission spec-
trum of the MIP-coated QDs.

The data was further fitted with the Stern-Volmer equation:
(Fo/F)=1+Kgy [Q], where F, and F are the fluorescence in-
tensities in the absence and presence of target molecule, re-
spectively. [Q] represents the concentration of the target mol-
ecule, and Kgy is the quenching constant of the target mole-
cule. The result showed that the Stern-Volmer plots of the
MIP- and NIP-coated QDs exhibited linear relationship when
the concentration of nicosulfuron was changed from 12 to
6000 nmol L™' (Fig. 4). Kgv was found to be 0.4x
10° L mol ' of MIP-coated QDs. The limit of detection
(LOD), calculated by the equation LOD=3S,/Ksy, where Sy,
was the standard deviation of blank measurements (z=10) and
Ksv was the slope of calibration graph, was 1.1 nmol L™". The
value of Ky was 0.1x10° L mol ™! for NIP-coated QDs. The
imprinting factor (IF) that is the ratio of the quenching con-
stants (Kgy-MIP/Ksy~NIP) is used to evaluate the selectivity of
the polymer. The result showed that the IF was 4, which is
superior to the reported results [27, 30]. The imprinted sites
are on the surface, so they provide excellent site accessibility
and low mass transfer resistance for nicosulfuron. All these

results indicated that the imprinted cavities could greatly im-
prove the fluorescence quenching efficiency by nicosulfuron
adsorption and enhance the fluorescence spectra response of
MIP-coated QDs to nicosulfuron.

Application to water sample analysis

In order to evaluate the potential application of the MIP-
coated QDs, the river water samples were analyzed. There
are also some coexisting interferences in water samples,
such as inorganic salts and trace amounts of small organic
molecules. For samples, three parallel experiments were
conducted. Nicosulfuron was not examined in water sam-
ples. Different concentrations of nicosulfuron (0.024, 0.24,
and 2.4 pumol L") were added into the water samples.
Then, the water samples were processed according to the
procedures described in section measurements of fluores-
cent response to nicosulfuron. The quantitative recoveries
ranged from 89.6 to 96.5 %, and the relative standard devi-
ations (RSDs) that ranged from 2.5 to 5.7 % were obtained.
The results showed that the MIP-coated QDs have the po-
tential applicability for nicosulfuron detection in real
samples.

Compared with other methods reported in the literatures,
this experiment results have some advantages for analyzing
nicosulfuron (Table 1). As can be seen, the method index of
this experiment was comparable or superable to others. When
compared with chromatography methods, fluorescence anal-
ysis has unique advantages such as simplicity, low consump-
tion, and rapidity. At the same time, because the QDs were
coated with MIPs, the selectivity of fluorescence analysis was
improved.

Table 1  Comparison of this method with other methods used in the literatures
Pretreatment methods Detection methods Samples Analytical LODs Recoveries RSDs Refs.
ranges (nmol L") (%) (%)
(nmol L1

Solid phase extraction with multiwalled carbon HPLC-DAD Water 0.1-97.5 0.02 87.2-100.7 2.5 [23]
nanotubes

Stirring extraction with PBS-methanol followed Capillary electrophoresis Wheat ~ 0.02-0.12  9.36 94.1-101 5.2 [24]
by solid phase extraction with C18 Sorghum 12.96 92.6-934 6.7

Stir bar sorptive extraction with molecularly HPLC-UV Water 25-500 0.75 934 1.5 [31]
imprinted polymer

Ultrasonic extraction with methanol-phosphate LC-MS Soil 20-2.4x10% 8.53x10>° 84.8-973 0.02-7.22 [32]
buffer followed by solid-phase extraction
with C18

Stir bar sorptive extraction with molecularly HPLC-UV Water 1.0-10.0 0.7 96 2.7 [33]
imprinted polymer

Solid phase extraction with C18 LC-DAD Water 0.06-0.36  0.04 67-106 20-32 [34]

Liquid phase microextraction with hollow HPLC-UV Pear 2.9-290 1.0 92.1-102.9 2.1-6.8 [35]
fiber-protected magnetized solvent-bar

Fluorescence probe with molecularly imprinted Fluorescence Water 12-6000 1.1 89.6-96.5 2.5-5.7  This work
polymer coated quantum dots spectrophotometer
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Conclusion

In this study, MIP-coated Mn-doped ZnS QDs were synthe-
sized successfully. MIP-coated QDs were prepared and char-
acterized by TEM, FT-IR, FL, and XRD. Due to application of
molecular imprinting and QDs, the MIP-coated QDs have not
only the high selectivity but also the strong fluorescence prop-
erty. The results indicated that the MIP-coated QDs provided
selectivity to nicosulfuron, which was based on the interac-
tions of the size, shape, and functionality of the template. In
addition, it has promising advantages such as simple prepara-
tion, high stability, and low cost for analysis than previous
methods.
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