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A novel molecular imprinted sensor based on CdTe@SiO2 quantum dots (QDs) was 

developed for norepinephrine (NE) recognition. The molecularly imprinted polymer 

(MIP) on the surface of CdTe@SiO2 QDs (CdTe@SiO2@MIP) was characterized by 

Fourier transform infrared spectroscopy, transmission electron microscopy and 

fluorescence spectroscopy. The synthesized nanosensor had distinguished selectivity 

and high binding affinity to NE. Under the optimal conditions, the relative 

fluorescence intensity of CdTe@SiO2@MIP decreased linearly with the increase of 

the concentration of NE in the range of 0.04-10 μM. The limit of detection was 8 nM 

(3σ/K). The proposed method was applied to the analysis of NE in rat plasma, and 

the results obtained by the method were in good agreement with those assayed by the 

fluorescence derivatization method. The method built is simple, fast, and can be 

applied to the determination of NE in biological samples.  
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1.  Introduction 

Quantum dots (QDs) are luminescent semiconductor nanocrystals in size range of 

1-10 nm. QDs have attracted much attention in recent years due to their unique optical 

properties, such as high quantum yield, narrow and symmetrical spectra, broad 

excitation spectra and photostability.1 Many researchers have constructed QDs-based 

sensing materials for sensitive determination of analytes. Huang et al.2 utilized 

mercaptosuccinic acid-capped CdSe/ZnS QDs as a fluorescent sensor for quantitative 

analysis of urea. Huang et al.3 developed a simple and sensitive method for L-cysteine 

detection based on the increment of the fluorescence intensity of mercaptoace tic 

acid-capped CdSe/ZnS QDs. Jin et al.4 reported that 

tert-butyl-N-(2-mercaptoethyl)-carbamate modified CdSe QDs allowed a highly 

sensitive determination of free cyanide. However, researchers have found that the 

selectivity of QDs sensors is poor, which limits their usage in detecting real samples.  

In recent years, many efforts have been made to improve the selectivity of QDs 

sensors, e.g. QDs-based immunosensor, in which QDs were conjugated with antibody 

to generate specific sensor for the immuno-recognition of antigen.5-7 However, the 

construction of a QDs-based immunosensor is complex, and antibodies are expensive 

and easily denatured. Lately, a new type of molecularly imprinted polymer 

(MIP)-based QDs (QDs@MIP) as a selective sensor has attracted considerable 

interests.8-20 MIP is a kind of biomimetic polymer, which is usually obtained by 

polymerization of functional and cross- linking monomers in the presence of a 

template molecule capable of forming complexes with the monomer. After the 
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removal of the template, definite cavities that are specific to both the shape and 

chemical functionality of the template are left. Thus, MIP can recognize the template 

with a high specificity, comparable to antibodies.21,22 The remarkable advantages of a 

QDs@MIP sensor compared with a QDs-based immunosensor are its chemical 

stability, low cost and availability to recognize small molecules. Hence, QDs@MIPs 

have been employed as selective sensors in the field of bioanalysis, pharmaceutical 

and environmental analysis.  

QDs@MIPs are usually prepared by sol-gel method.23-36 Sol-gel method is a 

well-established way, and the rigid, highly cross- linked structure of silica allows the 

creation of delicate imprint sites with the potential for a high degree of shape 

selectivity. The chemical/mechanical stability, nontoxicity, and biocompatibility of 

silica also make it an attractive substrate in many fields.37 Generally, there are two 

synthetic routes to obtain QDs@MIPs by sol-gel method. One is the direct method 

by polymerization on the surface of QDs prepared by organometallic or aqueous 

method,23-33 and the other is the surface modification method by using QDs 

previously coated with silica.34-36 Studies have shown that the fluorescence intensity 

of the QDs@MIP prepared by the direct method was very weak, and what is more, 

the yield was very low. However, the surface modification method could increase 

the fluorescence intensity and the yield of the QDs@MIP. 

To the best of our knowledge, no literature has reported the application of 

QDs@MIP to determine neurotransmitters in biological samples. Norepinephrine 

(NE) is a catecholamine with multiple roles including as a neurotransmitter and a 
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hormone. One of the most important functions of NE is the role as the 

neurotransmitter released from the sympathetic neurons to affect the heart. An 

increase of NE from the sympathetic nervous system increases the rate of 

contractions in the heart. As a stress hormone, NE affects parts of the brain, such as 

the amygdala, where attention and responses are controlled.38 Thus, the 

determination of NE is very important for the studies of the physiological role of NE 

and the diagnosis of several mental diseases.39,40 Many methods have been reported 

for determining NE in biological samples, such as HPLC-chemiluminescent 

detection,41 HPLC-MS,42 capillary electrophoresis-UV43 and hydrophilic interaction 

chromatography-electrochemical detection,44 etc. However, these methods need 

expensive instruments and man-power. It is urgent to develop a simple and rapid 

method to detect NE in biological samples.  

In the present work, a highly selective and sensitive CdTe@SiO2@MIP sensor for 

the determination of NE was prepared by the surface modification method. 

CdTe@SiO2 QDs were not only utilized as fluorophores to provide fluorescence 

signal, but also served as a highly cross- linked rigid matrix for surface molecular 

imprinting. The CdTe@SiO2@MIP was characterized by Fourier transform infrared 

spectroscopy (FT-IR), transmission electron microscopy (TEM) and fluorescence 

spectroscopy. The CdTe@SiO2@MIP was successfully applied as a fluorescent sensor 

to the analysis of NE in real samples. Encouraging results were obtained.  

2.  Materials and methods 

2.1  Reagents and chemicals 
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CdAc2·2.5H2O (98.5%), NaBH4 (96%), tellurium powder and tetraethoxysilane 

(TEOS) were obtained from Sinopharm Chemical Reagent Co. Ltd. (Shanghai, 

China). Mercaptopropanoic acid (MPA; 99%), 3-aminopropyltritehoxysilane 

(APTES; 98%), NE (98%), epinephrine hydrochloride (E; 98%), 

5-hydroxytryptamine hydrochloride (5-HT; 98%) and isoprenaline hydrochloride 

(ISO; 98%) were purchased from Sigma-Aldrich Chemical Company (St. Louis, MO, 

USA). Doubly deionized water (DDW) was obtained from a PURELAB Classic 

water purification system (PALL, USA).  

2.2  Apparatus 

The fluorescence spectra were obtained on a Hitachi F-4600 fluorescence 

spectrometer (Japan). The absorption spectra were measured by a Shimadzu 

UV-2450 UV-Visible spectrophotometer (Japan). FT-IR spectra were recorded by 

using a Tensor-27 FT-IR spectrometer (Bruker, Germany) with a resolution of 2 

cm-1 and a spectral range of 4000-400cm-1. TEM were performed on a Phillips FEI 

Tecnai G2 20 S-TWIN (FEI Company, USA) for the estimation of average size of 

the as-prepared CdTe@SiO2 QDs and CdTe@SiO2@MIP.  

2.3  Preparation of CdTe@SiO2 QDs 

The water-soluble CdTe@SiO2 QDs were synthesized by using a one-pot method45 

with some modification. Freshly prepared oxygen-free NaHTe solution was added to 

N2-saturated Cd2+ aqueous solution at pH 9~10 in the presence of MPA at 90 ℃. 

The mixture was refluxed for 10 min. Then, TEOS was dropped into the solution by 

a syringe and the mixture was refluxed at 90 ℃ for 5 h. The as-prepared CdTe@SiO2 
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solution was dried out by rotary evaporation and washed with ethanol three times. 

The concentration of Cd2+ was set as 2 mM and the molar ratio of 

Cd:Te:MPA:TEOS was 1:0.5:2.4:50 in the present experiment.  

2.4  Preparation of CdTe@SiO2@MIP 

The CdTe@SiO2 QDs obtained above were dispersed in 25 mL of mixture of ethanol 

and DDW (2:1, v:v) by ultrasonic vibration. After the mixture was degassed with N2 

for 20 min, 250 mg of NE (1.48 mmol), 1.4 mL of APTES (5.98 mmol) and 2 mL of 

TEOS (8.97 mmol) were sequentially added and stirred under N2 for 20 h. Finally, 

CdTe@SiO2@MIP was isolated by centrifugation at 10,000 rpm for 10 min.  

  To remove NE, the product was washed with DDW until no template was detected 

by UV-vis spectrophotometry. The polymer was then stored at -18 ℃ prior to use. As 

a reference, non- imprinted polymer on the surface of CdTe@SiO2 (CdTe@SiO2@NIP) 

was prepared with the same procedure except for the addition of the template 

molecule. 

2.5 FT-IR measurements 

For FT-IR measurements, the samples were prepared by using KBr pellet technique. 

CdTe@SiO2, CdTe@SiO2@MIP and CdTe@SiO2@NIP were dried in vacuum drying 

oven at 50 C for 6 h before use. 

2.6 Fluorescence measurements  

In the experiments, all the fluorescence detections were performed under the same 

conditions: the slit widths of the excitation and emission were both 5.0 nm and the 

excitation wavelength was set at 370 nm with a recording emission range of 450-700 
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nm. The photomultiplier tube voltage was set at 700 V.  

The as-prepared CdTe@SiO2@MIP or CdTe@SiO2@NIP was dispersed in an 

appropriate quantity of DDW by ultrasonic vibration. Then, 1 mL of the suspension 

was added to 1 mL of the given concentration of analyte standard solution. The 

mixture was mixed thoroughly for 15 min by ultrasonic vibration and scanned with a 

fluorescence spectrometer after being cooled to room temperature. 

2.7  Sample preparation and analysis 

2 mL of rat plasma was added to a 10 mL centrifuge tube. 6 mL of acetonitrile was 

added, and the mixture was vortexed for 3 min. After centrifugation at 13000 rpm for 

5 min, the supernatant was collected and dried by using nitrogen blowing. The dried 

extract was dissolved with 1 mL of DDW for the analysis of NE by using the method 

described in section 2.6. 

3.  Results and discussion 

3.1  Preparation of CdTe@SiO2@MIP 

In sol-gel method, QDs@MIPs are usually prepared by two different routes, i.e. 

direct way23-33 and surface modification way.34-36 In the direct method, QDs was first 

prepared by organometallic or aqueous method, and then either the raw solution of 

QDs23-30 or the purified QDs31-33 was utilized in the polymerization reaction. 

However, when the raw solution of QDs was employed, the remaining materials, 

such as the stabilizer and sodium hydroxide, would adversely affect the 

polymerization. On the other hand, since the purification procedure usually led to a 

significant decrease of the photoluminescent quantum yield (PLQY) of QDs which 
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decided the optical quality of QDs@MIP, the fluorescence intensity of the 

QDs@MIP prepared by the direct way was very weak. The yield was also very low 

due to the loss of QDs during the purification process. 

As for the surface modification way using QDs previously coated with silica, the 

fluorescence intensity of the QDs@MIP could be greatly increased since the studies 

have shown that the PLQY of the silica coated QDs was much higher than that of the 

neat QDs.45-49 The common route for coating silica shell on QDs needs multistep 

complicated manipulations in which the QDs have to be presynthesized and 

separated before the SiO2-coating reaction.34,35,46-49 In our experiment, CdTe@SiO2 

QDs was prepared using a one-pot method36, 45 by adding TEOS directly into the 

mixture of NaHTe, Cd2+, MPA and NaOH at 90 ℃. The coating approach is simple 

and low-cost.  

The yields (Y) and fluorescence intensities of CdTe@SiO2@MIPs prepared by the 

direct and surface modification methods under the same amount of the starting 

materials are compared in Table 1. Y was defined as the following equation: 

100
-

QDs

QDsQDs@MIP


m

mm
Y                           

Where QDs@MIPm and QDsm represented the mass of the QDs@MIP produced and QDS 

added, respectively.  

Table 1 Comparison of the yields and fluorescence intensities of CdTe@SiO2@MIPs 

between the direct and surface modification way.  

 Y (%) fluorescence intensity (a.u.) 

direct way 43 3070 

surface modification way 68 9850 
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Table 1 showed that both Y and the fluorescence intensity of the QDs@MIP 

prepared by the surface modification way were much higher than those of the 

QDs@MIP prepared by the direct way.  

CdTe@SiO2@MIP was prepared via a surface molecular imprinting process. 

APTES was used as the functional monomer and TEOS as the cross- linker. The 

mixture of ethanol and DDW (2:1, v:v) was chosen as the porogen through 

experiments. Because acid could destroy the surface environment of QDs and alkali 

could accelerate the oxidation of NE, acid or alkali as a catalyst was not used in the 

molecular imprinting procedure and the reaction time was prolonged to 20 h to ensure  

the yield of the products. The template NE was self-assembled and immobilized on  

 

Fig. 1 Schematic illustration of fabricating CdTe@SiO2@MIP. 
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the surface of CdTe@SiO2 QDs through the hydrolysis and condensation reaction of 

APTES and TEOS,31 and thus CdTe@SiO2@MIP with specific NE recognition sites 

was obtained after the residues of the template and reactants were removed by DDW 

elution (Fig. 1).   

CdTe@SiO2@MIP stored in a freezer at -18 ℃ would remain stable for at least 30 

days. When dispersed in DDW, the fluorescence intensity of the CdTe@SiO2@MIP 

remained almost unchanged for 24 h under dark and 6 h under continuous UV 

irradiation (365 nm), respectively. So, the as-prepared CdTe@SiO2@MIP fluorescent 

sensor showed good photochemical stability.  

3.2  Characterization of FT-IR 

To ascertain the successful synthesis of MIP on the surface of CdTe@SiO2 QDs, 

FT-IR spectra of CdTe@SiO2 QDs, CdTe@SiO2@MIP and CdTe@SiO2@NIP are 

compared in Fig. 2. Since SiO2 existed in the above three substances, the peaks of the 

Si-O stretching vibration (1105 cm-1) and Si-O bending vibration (802 cm-1) could be 

seen in all the spectra. MPA was used as a stabilizer in the preparation of CdTe@SiO2 

QDs, and it existed in the form of carboxylate anion in the synthesis condition (pH 

9~10). According to the reference,50 the peaks of the symmetric and asymmetric 

stretching vibration of carboxylate anion were around 1409 and 1558 cm-1 in the 

spectrum of CdTe@SiO2 QDs (Fig. 2A), respectively. However, these two peaks 

disappeared in Fig. 2B and 2C since CdTe@SiO2 QDs were tightly wrapped by the 

MIP and NIP layer in CdTe@SiO2@MIP and CdTe@SiO2@NIP. This indicated that 

MIP and NIP layers generated from the sol-gel condensation of APTES and TEOS  
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Fig. 2 FT-IR spectra of CdTe@SiO2 QDs (A), CdTe@SiO2@MIP (B) and 

CdTe@SiO2@NIP (C).  

were successfully grafted on the surface of CdTe@SiO2 QDs. The N-H band around 

1541 cm-1 in Fig. 2B and 2C, resulting from APTES, also proved the presence of MIP 

and NIP on the surface of CdTe@SiO2 QDs. Another characteristic feature of 

CdTe@SiO2@MIP and CdTe@SiO2@NIP compared with CdTe@SiO2 was the 

aliphatic C-H stretching band around 2929 cm-1. Theoretically, there exist C-H bonds 

in the three materials, and the C-H stretching band should appear in all the spectra. 

However, the C-H stretching band did not appear in the spectrum of CdTe@SiO2  

(Fig. 2A) and appeared as a very weak peak in the spectra of CdTe@SiO2@MIP and 

CdTe@SiO2@NIP (Fig. 2B and 2C). This might be due to the low sensitivity of IR 

spectrophotometry and relatively less number of C-H bonds in the CdTe@SiO2 QDs.   
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The major bands of FT-IR spectra of CdTe@SiO2@MIP and CdTe@SiO2@NIP were 

in similar locations due to their similar compositions.  

3.3  Characterization of TEM 

TEM images were taken for CdTe@SiO2 QDs and CdTe@SiO2@MIP. As shown in 

Fig. 3, CdTe@SiO2 QDs were highly spherical and monodispersed with the average 

size of about 10 nm, while the obtained CdTe@SiO2@MIP was relatively 

mono-dispersive and about 20 nm in size. Thus, the thickness of NE-imprinted layer 

was estimated to be about 5 nm.  

 

Fig. 3 TEM images of CdTe@SiO2 QDs (A) and CdTe@SiO2@MIP (B). 

3.4  Optimization of recognition conditions 

There are many factors influencing the recognition performance of CdTe@SiO2@MIP. 

Solvent, pH value and reaction time were investigated to acquire optimized 

recognition conditions. The photoluminescence quench was measured in several 

solvents such as methanol, ethanol, chloroform and DDW as well. The largest 

response was obtained when DDW was used as the solvent. This was ideal for the 
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detection of NE in biological samples. In addition, the maximum fluorescence 

quenching was obtained when the mixture of CdTe@SiO2@MIP and NE was 

ultrasoniced for 15 min in DDW without buffer solution. CdTe@SiO2@MIP was 

prepared via a surface molecular imprinting process in the experiment, and the 

binding sites of the CdTe@SiO2@MIP were at the surface or in the proximity of the 

surface. So it was an easy diffusion for template to access the recognition sites and 

fast recognition could be acquired. The above results showed that the 

CdTe@SiO2@MIP could be used as a fluorescent sensor to develop a simple, rapid 

and green method to detect NE in biological samples.  

3.5  Selectivity of the CdTe@SiO2@MIP as a fluorescent sensor for NE 

The selectivity of the CdTe@SiO2@MIP was investigated by using E, 5-HT and ISO 

as the structural analogues of the NE template.  As reported in the previous  

literatures,18-20, 26-35 the fluorescence quenching in this system followed the 

Stern-Volmer equation:  

F0/F = 1 + Ksv[ Q] 

where F and F0 are the fluorescence intensities of the probe in the presence and 

absence of the quencher, respectively. [Q] is the quencher concentration and Ksv is 

the Stern-Volmer constant. Usually, Ksv is used to estimate the extent of quenching 

and sensitivity, and the ratio of Ksv,MIP to Ksv,NIP, known as imprinting factor (IF), is 

employed to evaluate the selectivity of the sensor.  

It is well known that a molecule with the optimal size and shape complementarity 

has more chance to enter the imprinted cavity and bind with the functional group on 
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the binding site in the cavity. 51 Compared with its analogs, NE as the template has 

the superiority to enter the NE-made recognition cavities, and forms the hydrogen 

bonding with the functional group on the specific binding site in CdTe@SiO2@MIP. 

So, the Ksv,MIP for NE was much higher than those of its structural analogs and the IF 

for NE was the highest, just as shown in Fig. 4. It is worth mentioning that although 

the structure of E differs from that of NE by only a methyl group, the Ksv,MIP for E 

was much lower than that for NE. This might be due to the fact that the steric 

hindrance caused by the methyl group of E not only reduced the chance of E to enter 

the recognition cavities, but also affected the formation of the hydrogen bonding 

between E and the functional group on the binding site.  

 

Fig. 4 Selectivity of the CdTe@SiO2@MIP. 
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As for CdTe@SiO2@NIP, since there was no tailor-made recognition cavity 

formed but -NH2 groups existed on the surface of CdTe@SiO2@NIP, NE and its 

structural analogs were physically adsorbed on the surface of CdTe@SiO2@NIP by 

hydrogen bonding (Fig. 5). So, CdTe@SiO2@NIP adsorbed the template molecules 

much less than CdTe@SiO2@MIP, and the binding capacities of CdTe@SiO2@NIP 

for NE and its structural analogues were almost the same, just as shown in Fig.4. 

 

Fig.5 Schematic illustration of the mechanism of interaction between MIP and NIP. 

3.6  Detection range and limit  

To further evaluate the analytical performance of the CdTe@SiO2@MIP, the linear 

rang and detection limit were investigated. Under the optimum conditions, the 

CdTe@SiO2@MIP exhibited a distinctly linear decrease in fluorescence upon NE 

binding over 0.04-10 μM concentration range. The regression equation was 

F0/F=0.0593[Q]+1.0317 with a correlation coefficient of 0.9950. As shown in the 
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regression equation, the intercept was very close to the theoretical value. The 

systematic error with 3.2% was in the allowed range of fluorimetry (Fig. 6). The limit 

of detection, which was calculated as the concentration of NE that quenched three 

times the standard deviation of the blank signal divided by the slope of the standard 

curve (3σ/K), was 8 nM. 

 

Fig. 6 Fluorescence spectra of CdTe@SiO2@MIP at different concentrations of NE 

and the corresponding Stern-Volmer curve (inset).  

3.7  Application 

The practical feasibility of the CdTe@SiO2@MIP sensor was tested with rat plasma 

sample. As shown in Table 2, trace amount of NE in rat plasma was detected. The 

recoveries of the spiked NE standard solutions in rat plasma sample at three different 

concentration levels were in the range of 98.20-106.1 % with the relative standard 

deviations less than 10%. It indicated that the detection results were reliable.  

  To further verify the accuracy of the proposed method, the level of NE in rat 
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plasma were also determined by the fluorescence derivatization method reported in 

the literature52. Table 2 displayed that the concentration of NE in the sample obtained 

by the proposed method was in good agreement with that determined by the reference 

method. The relative deviation of 3.35% is allowed for analysis of biological samples.  

  In the fluorescence derivatization method used above, NE was first oxidized by 

oxidizer under acidic condition, and then fuorescent substance 3-hydroxyindole was 

generated by alkali treatment.  This method was multistep and time-consuming. But in 

our developed method, the assay time was greatly reduced to less than 1 h if 

CdTe@SiO2@MIP was pre-prepared. And the other reported methods as mentioned in 

the introduction41-44 need expensive instruments and man-power. Therefore, the 

proposed method is expected to be a powerful tool for simple, fast and cheap 

determination of NE in biological samples. 

Table 2 Determination of NE in rat plasma sample (n=3). 

Proposed method 

(µM) 

Reported method 

 (µM) 

Added 

(µM) 

Found 

(µM) 

Recovery 

(%) 

RSD 

(%) 

0.185±0.017 0.179±0.015 

0.148 0.157 106.1 9.8 

0.185 0.190 102.7 5.4 

0.222 0.218 98.20 6.9 

3.8  Mechanism of the recognition 

Fig. 7 revealed the changes in the fluorescence spectra of the original CdTe@SiO2 

QDs, CdTe@SiO2@MIP before and after the removal of NE, CdTe@SiO2@MIP and 

CdTe@SiO2 QDs with addition of NE. As shown in Fig. 7a, the fluorescence intensity 
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of the original CdTe@SiO2 QDs was very strong. After the polymerization process, 

the fluorescence of the raw material of CdTe@SiO2@MIP was almost quenched (Fig. 

7b). Although, after the removal of the template, the fluorescence intensity of 

CdTe@SiO2@MIP did not recover to the previous level of the CdTe@SiO2 QDs, the 

CdTe@SiO2@MIP showed very bright fluorescence (Fig. 7c). The fluorescence 

intensity of CdTe@SiO2@MIP was quenched again with the addition of NE (Fig. 7d). 

On the other hand, the fluorescence intensity of CdTe@SiO2 remained almost 

unchanged when the same concentration of NE was added (Fig. 7e). Therefore, it 

could be concluded that the fluorescence quenching of CdTe@SiO2@MIP resulted 

from the interaction between NE molecules and the specific sites of 

CdTe@SiO2@MIP. When NE molecules interacted with the functional groups in the 

imprinting cavities by hydrogen bonding, electron transfer would occur, and thus led 

to the fluorescence quenching of CdTe@SiO2@MIP. Meanwhile, the fluorescence of 

CdTe@SiO2@MIP would be blocked by NE, just like shading plates.  

Fig. 7 also showed that the fluorescence peak of CdTe@SiO2@MIP shifted from 

534 to 552 nm in comparison with that of CdTe@SiO2 QDs. Since a single charge 

(Si-O- groups, hydroxylions or ammonium) close to the QDs surface could generate a 

sufficiently large electric field to cause significant quenching and a red-shift of the 

QDs emission,31 the red-shift of CdTe@SiO2@MIP might be due to the attachment of 

fully hydrolyzed and subsequently condensed APTES and TEOS to the CdTe@SiO2 

QDs. On the other hand, the imprinting process could increase the size of QDs, 

thereby reducing the quantum size effect and causing red-shift of the fluorescence 
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peak of CdTe@SiO2@MIP. 

 

Fig. 7 Fluorescence spectra of CdTe@SiO2 QDs, CdTe@SiO2 QDs with addition of 

NE, CdTe@SiO2@MIP before and after the removal of NE and CdTe@SiO2@MIP 

with addition of NE. 

4.  Conclusions 

A simple, rapid and high-yield method was developed to synthesize molecular 

imprinted sensor on the surface of CdTe@SiO2 QDs. The sensor had attractive 

characteristics, such as uniform morphology, good dispersibility, high binding 

capacity and selectivity for NE. The analytical method based on CdTe@SiO2@MIP as 

the sensing material was successfully applied to the determination of NE in rat plasma 

samples and the results agreed with those obtained by the method in reference. 

Compared with the methods previously mentioned in the introduction for determining 

NE in biological samples, our approach is simpler, faster and cheaper. This work 
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provides a method for imprinting various neurotransmitter molecules, and forms the 

basis for selective recognition and rapid detection of neurotransmitters in complicated 

matrices.  
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A fluorescent sensor with recognition ability for norepinephrine was simply prepared 

and actually used to determine norepinephrine in rat plasma. 
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