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Introduction

 Quantum dots (QDs) as a new kind of nanomaterial 
have been developed and extensively used in recent 20 years[1,2]. 
Since the end of the 1970s, QD (quantum dot) has attracted wide 
attention from physicists, chemists, and electronic engineers. In 
recent years, with the rapid development of nano science and 
technology, as well as quantum dots with unique physical and 
chemical properties, making them in genomics, proteomics, mo-
lecular biology, cell biology, biochemistry, drug screening, dis-
ease detection and diagnosis in the field of application expand-
ing. QDs are a class of quasi-zero-dimensional nano crystals, 
which have attracted much attention from the scientific commu-
nity because of their unique photoelectric properties[3]. Especial-
ly in the field of analytical testing, quantum dots as chemical 
sensors are widely used to detect various targets, the established 
fluorescence analysis method has become a satisfactory analysis 
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Abstract
 The CdSe/ZnS core-shell quantum dots were prepared by using liquid paraffin 
as the reaction solvent and oleic acid as the modifier at a lower cost and temperature by 
“one-pot shelling” method. The finding of the current work showed that the UV absorp-
tion peak of the QDs was at 540 nm and the fluorescence emission peak was 552 nm. 
The fluorescence production rate can reach up to 32.31%. Also, the fluorescent molec-
ularly imprinted composite microspheres capped with CdSe/ZnS core-shell quantum 
dots were arranged in the tyramine molecularly imprinting system. Those prepared 
microspheres exhibited a better selective absorption ability of molecular imprinting and 
excellent fluorescence properties of quantum dots. It revealed a good linear relationship 
of the Stern-Volmer curve in the determination of tyramine, the regression equation 
was in (F0/F) = 0.1092[C] - 0.0046, which indicated that the prepared composite mi-
crospheres exhibited better performance. The above results indicate that this method is 
expected to achieve a fast and accurate detection of tyramine.
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and detection technology. However, the quantum dots used for 
fluorescence detection often face the problem of coexisting mat-
ter interference[4], especially for the structure and performance 
similar to the same material detection[5], the selectivity is not 
obvious, so the quantum dot fluorescence detection of specific 
selectivity to be further improved[6], more for the firm and high-
ly selective construction methods need to be developed[7]. QDs, 
dissimilar usual organic fluorophores, are composed of inorgan-
ic semiconducting materials, such as CdSe, CdS, or ZnS. Com-
pared to organic dyes, QDs are more attractive as fluorescent 
labels for its broad excitation spectra, which is effective to whole 
spectra of colors, emission without red tailing and degradation 
stability. Hence it offers the potential of performing multiple tar-
gets on a single sample simultaneously[8].
 Molecular Imprinting Technology(MIT) is widely used 
as a mature technique for the synthesis of Molecularly Imprinted 
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Polymers (MIPs) with specific recognition sites[9]. The prepared 
molecularly imprinted polymers to have wide applicability, 
good plasticity, stability and high selectivity[10]. Their internal 
recognition sites can selectively bind to template molecules to 
achieve selective identification.
 Nowadays, Molecularly Imprinted Polymer (MIP) 
technology is widely studied and developed as a strong and 
robust tool[11]. It has a large established market and is broadly 
used in various fields[12], such as separation of isomers and en-
antiomers[13,14], solid phase extraction[15], biochemical sensor[16], 
simulating enzyme-catalyzed reactions[17], and membrane sep-
aration technology[18]. MIP prepared by traditional methods is 
low in binding affinity and capacity. Therefore, its application 
is limited. So how to prepare multifunctional composite MIP 
material is another hot spot of research in the field of molecular 
imprinting. Therefore, the combination of molecular imprinting 
technology and quantum dots can be used to solve the problem 
of poor selectivity of quantum dot fluorescence analysis. So far, 
the preparation method and detection technology of quantum dot 
molecular imprinting fluorescence sensor is relatively simple. 
Therefore, it is very important to improve the preparation meth-
od of high-performance quantum dot molecular imprinting flu-
orescence sensor and establish a new detection method[19]. MIPs 
and QDs technology are both polymer materials technology, 
which have developed over recent decades and are widely used 
in various fields, including the field of food safety[20]. It has been 
reported that the MIP-coated CdTe composites integrate the ad-
vantages of the high selectivity of the molecular imprinting and 
strong fluorescence property of the QDs[21]. So the new material 
combined the advantages of QDs and MIP will play a great role 
in certain fields of the small-molecule contamination detection. 
The synthesis of CdSe/ZnS quantum dots with high fluorescence 
properties, and used it as a fluorescent sensor to successfully for 
determination of tyramine.
 Tyramine is biogenic amines (BAs) that can induce 
some people’s intolerant allergic reactions. It naturally existed in 
some food such as fermented, aged food (cured meats and chees-
es) and protein breakdown, which they are most commonly con-
sidered as fermented or foods containing certain yeasts[22]. Con-
suming of foods containing tyramine can cause health problems 
such as urticaria, water retention, asthma, and the most common 
side effect is a migraine[23]. The level of this compound in food 
is related to the processing, aging, and microorganism growth.
 In this paper, the CdSe quantum dots as the fluores-
cent carrier, the molecular imprinting technology, and sol-gel 
polymerization microemulsion polymerization, precipitation 
polymerization, swelling and surface graft copolymerization 
were used to prepare silicon quantum dot molecular imprinting 
fluorescence sensor, polymer-based quantum dots molecular im-
printing fluorescence sensor and dual emission quantum dot ra-
tio (TEM), Fourier transforms infrared absorption spectroscopy 
(FTIR), and other tests to study the quantum. The morphology, 
structure, composition and optical properties of the molecularly 
imprinted fluorescence sensor were studied. Combined with the 
fluorescence recognition experiment, the molecular detection of 
the target molecule by molecular imprinting fluorescence sensor 
is discussed in detail. The selective identification energy force 
and recognition mechanism.
 In this study, CdSe/ZnS core-shell QDs in oleic acid 
- liquid paraffin reaction system was synthesized. Then, the 
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assessment of morphology, composition and optical properties 
were characterized by FT-IR and fluorescence spectrophotome-
ter, XRD TEM. Tyramine was used as a template molecule and 
CdSe/ZnS core-shells QDs as a label as to create fluorescent mo-
lecular imprinted composite microspheres for the detection of 
tyramine. 

Materials and Methods

Reagents
 2, 2-Azobis (2, 4-dimethyl valeronitrile), liquid paraf-
fin, oleic acid (OA,98.5%) and glacial acetic acid (99.7%) were 
obtained from Sinopharm Group (China), in chemical grade. 
Methacrylic acid (MAA, 95.0%) and ethylene glycol dimethac-
rylate (EGDMA, 98.0%) were purchased from Sigma-Aldrich 
(Shanghai, China), it used without further purification. Selenium 
powder (Se, 99.9%), sulfur powder (95.0%), zinc oxide (ZnO, 
94.0%), cadmium oxide (CdO, 99.0%), acetonitrile (ACN, 
99.0%, HPLC grade), Methanol (MeoH, 98.8%, HPLC grade), 
toluene (Sinopharm, 97.0%) , acetone (90.0%), petroleum ether 
(ACS grade, 99.0%), tyramine (98.0%), and rhodamine (98.0%) 
were all purchased from Sinopharm Group, in analytical grade. 
And tyramine (Shanghai crystal pure reagent Co., Ltd, China) 
was used as the template molecule. Double distilled water was 
used in all experiments.

Apparatus
 The spectrophotometric measurements were made with 
a UV-1700 spectrophotometer (SHIMADZU, Japan), Fluores-
cence spectrophotometer (SHIMADZU, Japan) and Infrared 
spectrometer (NICDET, America). The JE high-speed refrig-
erated centrifuge (BECKMAN, America), DF-101S collector 
thermostat heating the magnetic stirrer (Zhengzhou Great Wall 
Branch Industry and Trade Co., Ltd) and WD-9403C type ul-
traviolet analyzers (Beijing Six-one Instrument Factory, China) 
were used during the experiment. Electrically heated water bath 
(Jiangsu Guohua Instrument Factory, China) was used for con-
trolling temperature.

Methods
Preparation of CdSe/ZnS core-shell QDs
The method was referred to “one-pot shelling”[24]. Figure 1 and 
Figure 2 showed the preparing procedure and devices.

Figure 1: The preparation flow chart of CdSe/ZnS.
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Figure 2: The synthesis device of “one-pot shelling”.

Calculation of fluorescence quantum yield of CdSe/ZnS
The fluorescence quantum yield of CdSe/ZnS was calculated ac-
cording to the following equation[25]:
QYu = QYs  x Fu/Fs x As/Au                                                                                                          (1)

Where QYu, QYs is the fluorescence quantum yield of sam-
ple and Rhodamine respectively, Au, As is the Absorbance at a 
fixed excitation wavelength of the incident light of sample and 
Rhodamine; Fu, Fs is the integral of the fluorescence intensity of 
the sample and Rhodamine.

Optical properties and structure analysis of CdSe/ZnS 
 A right amount of CdSe/ZnS quantum dots was dis-
solved in toluene to form a homogeneous solution, to determine 
the ultraviolet absorption spectra and fluorescence emission 
spectra at an appropriate wavelength respectively. Furthermore, 
the infrared spectrometer was used to analyze the infrared spec-
tra of CdSe/ZnS core-shell quantum dots.

Preparation of fluorescent molecularly imprinted composite 
microspheres
 1 mL CdSe/ZnS-toluene solution (3 mg/mL), 137 mg 
tyramine, 0.34 mL MAA, 50 mL acetonitrile were added into 
a round-bottom  flask, then the mixture was ultrasonicated to 
make tyramine dissolve completely. Put the flask in 4 0C refrig-
erators for overnight, and afterwards add 3.8 mL EGDMA, 40 
mg AIBN to the mixture. After oscillation and deoxygenating, 
the flask was sealed completely, and placed at λ = 365 nm ultra-
violet to initiate for 6 h, then the flask was warmed for 18 h at 60 
0C. To ensure complete cross-linking, the final solution was ul-
trasonicated to form a homogeneous emulsion and centrifugated 
at 5000 rpm for 30 min, and then the supernatant was discarded. 
The polymers were washed with acetonitrile and extracted with 
a glacial acetic acid-methanol solution (6:4 v/v) and then fol-
lowed by washing with methanol, dried in an oven at 40 0C, and 
the fluorescent molecular imprinted composite microspheres 
were obtained[26].

Optical properties and structure characterization of fluores-
cent molecularly imprinted composite microspheres
 A right amount of fluorescent molecular imprinted com-
posite microspheres was dissolved in toluene to form a homoge-
neous solution, to determine the ultraviolet absorption spectra 
and fluorescence emission spectra at an appropriate wavelength 
respectively. Furthermore, the infrared spectrometer was used to 
analyze the infrared spectra of fluorescent molecular imprinted 
composite microspheres.

Fluorescence quenching to fluorescence molecular imprint-
ing microspheres by tyramine
 The fluorescent molecular imprinted composite micro-
spheres were ground and accurately weighed into a group of the 
container, and then the different concentration of tyramine ace-
tonitrile solution was added respectively to measure their fluo-
rescence intensity at a proper excitation wavelength.

Transmission Electron Microscopy (TEM)
 The Transmission Electron Microscopy (TEM) stud-
ies were performed on an FEI Tecnai TF20 is a 200 kV FEG 
high-resolution Transmission Electron Microscope (TEM). The 
samples were prepared by placing a few microliters of precipi-
tated, washed, vacuum dried, and the sample redissolved in tol-
uene solution into a carbon-coated formvar copper grid, and the 
grids were allowed to dry overnight CdSe/ZnS core-shell quan-
tum dots (CdSe).

Powder X-Ray Diffraction( PXRD) 
 XRD studies were performed using A (Bruker D8 
Advance X-Ray Diffractometer) was employed to determine 
CdSe/ZnS core-shell quantum dots and electronic structure. The 
solution samples of CdSe quantum dots, CdSe/ZnS core-shell 
structure quantum dots were centrifuged and the solid powders 
obtained by vacuum drying were subjected to XRD test. Powder 
X-ray diffraction analysis of the samples were carried out on 
a Bruker D8 Advance diffractometer using Ni-filtered, Cu Kα 
radiation (λ = 0.15418 nm).

Results and Discussion

Preparation of CdSe/ZnS core-shell QDs
 CdSe quantum dots are most commonly used for the 
biomarkers field. The fluorescence emission range is very broad, 
including the visible region. However, CdSe quantum dots have 
some defects as we all know. First of all, CdSe quantum dot 
was stored in organic reagents such as hexane, chloroform, and 
toluene in the refrigerator or a dark room[27], because it is unsta-
ble and susceptible to oxidation. Secondly, the surface of CdSe 
quantum dot has a lot of defects, which will affect the quantum 
yield. Finally, quantum dots are synthesized mostly by toxic 
heavy-metal elements, so its application is limited[28].
 In general, quantum dots surface can wrap organic lay-
er to maintain temporary stability, and such treatment will not 
make much difference to its characteristic absorption. However, 
the surface properties of the quantum dots will have an impact 
on its structure and optical properties. So the modification of 
quantum dots surface is of vital importance. Actually, we gen-
erally wrap other semiconductor materials around the quantum 
dots to form a core-shell structure which can enhance its fluo-
rescence quantum yield, and weaken its biological toxicity, to 
overcome the defects on its essence and promote its application.
 The CdSe/ZnS core-shell QD was first proposed in 
1990 by some experts and scholars[29,30]. In order to further im-
prove the quantum yield of QDs, the wide-band gap semicon-
ductor material with a similar crystal structure is usually formed 
on its surface, and the core-shell structure is formed. Therefore, 
based on the synthesis of CdSe QD, we prepared CdSe/Zns QD. 
We combine molecularly imprinted technology with the quan-
tum dots technology to prepare fluorescent molecularly imprint-
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ed composite microspheres for determination of tyramine. By 
constant practice and application, a set of new methods which 
can obtain the uniform size and high quantum yield core-shell 
quantum dots were developed. A CdS/CdZnS/ZnS multi-layer 
inorganic shell was developed using a yield core-shell meth-
od[31-36].  In this experiment, the precursor of various metal ele-
ments was made of CdO, ZnO, S powder and Se powder, then 
CdSe/ZnS core-shell quantum dots were prepared in oleic ac-
id-liquid paraffin reaction system. 

Optical properties and structure characterization of CdSe/
ZnS
 The first requirement for the application of quantum 
dots is that its optical properties should be in accord with our 
need. We have measured the absorption spectra and fluorescence 
spectra of CdSe/ZnS core-shell quantum dots, as shown in Fig-
ure 3. UV-visible absorption spectra, FT-IR spectra, X-Ray Dif-
fraction (XRD) and Transmission Electron Microscopy (TEM) 
are used to identify and characterization of CdSe/ZnS.  

Figure 3: The UV-Vis spectra and PL spectra of CdSe/ZnS.

TEM analysis of CdSe/ZnS
 The Transmission Electron Microscopy (TEM) stud-
ies were performed on an FEI Tecnai TF20 is a 200 kV FEG 
high-resolution Transmission Electron Microscope (TEM). The 
samples were prepared by placing a few microliters of precipitat-
ed, washed, vacuum dried, and the sample redissolved in toluene 
solution into a carbon-coated formvar copper grid, and the grids 
were allowed to dry overnight CdSe/ZnS core-shell [n quantum 
dots (CdSe): and (ZnS) = 1:4]. The detail of the experimental 
arrangement of TEM test shown in Figure 4(a,b) the Transmis-
sion Electron Microscopy (TEM) photographs of CdSe, CdSe/
ZnS, and the finally obtained CdSe/ZnSe/ZnS care-shell quan-
tum dots. It can be seen that the grains are close to spherical, and 
the initial CdSe average particle size is about the average parti-
cle size of the ZnSe shell is about 1 nm after one step of direct 
growth of ZnSe shell. After the growth of ZnS shell, the average 
particle size increases to 5 nm, and the quantum particle size 
increases gradually. The surface of the inorganic shell grows.

Figure 4: The TEM image of CdSe and CdSe/ZnS core-shell quantum 
dosts (QDs).

XRD analysis of CdSe/ZnS
 XRD studies were performed using A (Bruker D8 
Advance X-Ray Diffractometer) was employed to determine 
CdSe/ZnS core-shell quantum dots and electronic structure. The 
solution samples of CdSe quantum dots, CdSe/ZnS core-shell 
structure quantum dots were centrifuged and the solid powders 
obtained by vacuum drying were subjected to XRD test. Powder 
X-ray diffraction analysis of the samples were carried out on a 
Bruker D8 Advance diffractometer using Ni-filtered, Cu Kα ra-
diation (λ = 0.15418 nm). The diffractometer was operated at a 
tube voltage of 40 kV and a current of 40 mAe with 10 degrees/
minute, a step size of 0.022θ. The X-Ray Diffraction (XRD) 
pattern of the core-shell structure material formed by the aniso-
tropic mode will have the phenomenon of the diffraction peak 
shift with the outer layer. Therefore, it is possible to determine 
whether the surface CdS covers the other material by the XRD 
pattern material. Figure 5 shows the XRD patterns of CdSeQDs 
and CdSe/ZnSQDs, 25.6° for 111 crystal faces, 42.4° for 220 
crystal faces, and 49.2° for 311 crystal planes, which coincides 
with the peak pattern of sphalerite.
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Figure 5: The XRD patterns of CdSe and CdSe/ZnS core-shell quan-
tum dosts (QDs).

FT-IR analysis of CdSe/ZnS
 Figure 6 shows the IR spectra of CdSe/ZnS quantum 
dots. According to the spectra, the presence of the bands around 
3400 cm-1 was the OH stretching vibration band; the bands at 
2850 cm-1 and 2920 cm-1 were the C–H stretching vibration, CH 
bending vibration peak is near 1380 cm-1, the absorption peak 
around 1620 cm-1 is the stretching vibration of the C=C group, 
suggesting the oleic acid group was successfully modified onto 
the surface of the QDs, and 710 cm-1 are typical of CdSe char-
acteristic vibration peak. Further evidence from the treatment 
shows that the CdSe core was thoroughly passivation by a layer 
of ZnS shell. 

Figure 6: The IR spectra of CdSe/ZnS.

Optical properties and structure characterization of fluores-
cent molecular imprinted composite microspheres
 In this experiment, fluorescent molecular imprinted 
composite microspheres were synthesized in situ polymerization 
method. The solution of the quantum dots should be good homo-
geneity and chemical properties should be of relatively stability 
when adopting such method. Generally, the quantum dots were 
modified by introducing a number of other groups on the sur-
face. So in the experiment, we added oleic acid to achieve this 
effect.
 Figure 7 is the fluorescence spectra of fluorescent mole-
cule imprinting composite microspheres. Compared with CdSe/
ZnS core-shell quantum dots, the fluorescence intensity of flu-

orescent molecule imprinting composite microspheres is weak-
er, peak type is broadened and absorption peak is uneven. The 
reason may be that the content of CdSe/ZnS core-shell quantum 
dots is low, and the molecularly imprinted layer package is too 
thick.
 Figure 8 is the infrared spectra of fluorescent molecu-
lar imprinted composite microspheres. Compared with Figure 
4, some new strong peaks, such as 1720 cm-1 (C=O stretch) and 
1150 cm-1 (C-O stretch) were shown up. The stretching vibration 
at 1720 cm-1 was recognized to COOH of MAA. The stretching 
vibration C=O (1720 cm-1) and an increase of C–O–C (1150 cm-

1) peak intensity revealed the existence of EGDMA. In addition, 
the CdSe/ZnS and fluorescent molecule imprinting composite 
microspheres showed similar locations and appearance of the 
major bands, such as 3400 cm-1 (OH stretch), 1620 cm-1 (C=O 
stretch), 1380 cm-1 (CH bend), which was because some compo-
sitions between CdSe/ZnS and fluorescent molecule imprinting 
composite microspheres were similar. So the molecularly im-
printed polymer has been successfully synthesized on the sur-
face of CdSe/ZnS core-shell QD. 

Figure 7: The PL spectra of composite microspheres.

Figure 8: The IR spectra of composite microspheres.

Fluorescence quenching to fluorescence molecular imprint-
ing microspheres by tyramine 
 The quantum dot surface structure has a certain rela-
tionship between fluorescence intensity and stability, and it is 
vulnerable to be affected by the external environment and leads 
to physical and chemical properties changes, as a result, the flu-
orescence emission property changes. As shown in Figure 9, 
when tyramine fluorescence molecular imprinting composite 
microspheres encountered tyramine, the adsorption effect of ty-
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ramine on fluorescence molecular imprinting microspheres was 
shown through the fluorescence intensity decrease. We found 
that, by adding different concentrations of tyramine solution 
in the same quality composite microspheres. The fluorescence 
intensity decreased with increasing concentration of tyramine, 
which indicates that tyramine can quench the fluorescence of the 
composite microspheres to some extent.

Figure 9: The PL spectra of composite microspheres at various con-
centrations (0 mmol/L, 1 mmol/L, 2 mmol/L, 3 mmol/L, 4 mmol/L) of 
tyramine.

 No matter, it is dynamic or static quenching or the 
two fluorescence quenching effects both exist; it follows the 
Stern-Volmer equation. The modified Stern-Volmer equation[37] 
is as follows:
ln(F0 /F) = KSV[C] - K                                                                                                                          (2)

 Fluorescence intensity before and after thee; i cocon-
stant; s concentration; KSV is Quenching constant. It is quench-
ing ws, a good linear relationship is presented in sight, and the 
regression equation is ln (F0/F) = 0.1092[C] - 0.0046, in all, 
each data consistently shows good performance of the prepared 
composite microspheres. And further work will be done, like the 
application for real samples.

Figure 10: The Stern-Volmer plot for composite microspheres with ty-
ramine.

Conclusion

 This experiment was conducted in the high temperature 
of 220 0C reaction’s solvent-liquid paraffin, high-quality CdSe/
ZnS core-shell quantum dots were synthesized with oleic acid 

as the stable mixture by using the “one-pot shelling” method on 
the condition that the reaction can be controlled. The absorption 
peak of UV-visible absorption spectra was at 540 nm, the quan-
tum dot fluorescence emission peak wavelength located near 
552 nm when the excitation wavelength was 391 nm, and the 
fluorescence yield was up to 32.31%. By adding CdSe/ZnS core-
shell quantum dots to tyramine molecular imprinting system, the 
fluorescent molecular imprinting composite microspheres were 
prepared. The good selectivity of molecular imprinting and ex-
cellent fluorescence properties of quantum dots were well exhib-
ited in the microspheres. In the analytical detection of tyramine, 
Stern-Volmer curve showed a good linear relationship. The re-
gression equation was ln(F0/F) = 0.1092[C] - 0.0046. This indi-
cated the good performance of the prepared composite micro-
spheres. It is promising to achieve the fast and accurate detection 
of tyramine.
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