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Abstract
In order to study the application technology of electrochemical sensors based on new nanomaterials, AuNPs
nanomaterials were prepared, and then Nafion-Ru (bpy)32+-AuNPs complex solution was obtained by
electrostatic interaction. The electrochemical immunosensor was prepared by electrochemiluminescence method,
and its performance was analyzed by TTX (Tetrodotoxin) measurement. It was found that the new nanomaterials were characterized by clear bright spots and successfully adhered. The electrochemical behavior of
ECL (electro-chemiluminescent) immunosensor was analyzed. It was found that with the gradual modification
of the materials, the impedance value gradually increased. The results showed that the biosensor was
successfully constructed; in the optimization analysis of ECL experimental conditions, it was found that the
optimum experimental conditions were PBS (Phosphate Buffered Saline) with pH of 7.5, incubation time of 60
minutes and deposition voltage of 0.6V; in TTX detection analysis, it was found that the signal of electrochemiluminescent sensor tended to be stable after a certain scanning time, which indicated that the
immunosensor was very stable, and suitable for subsequent TTX detection; in sample analysis, it was found that
the RSD (relative standard deviation) was 3.4-8.1% and the recovery was 98.0-104.2% by adding different
concentrations of TTX to standard samples. The experiments show that through the research on the application
technology of the new nano-material electrochemical sensor, a label-free self-enhanced
electrochemiluminescence immunosensor is prepared, which has good conductivity and sensitivity. Therefore,
the immunosensor has good practical value. Although there are some shortcomings in the research process, it
still provides a reference for the production of bio-immune labeling sensor in the future.
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1. Introduction
With the continuous improvement of people's living standards, health has become the focus of attention.
With the progress of science and technology, the medical level is also developing rapidly. At the same time, the
development of medical level is indispensable for the application of related materials. In recent years, the
research on new nanomaterials has attracted wide attention. Graphene, as a representative of new nanomaterials,
has made great progress in the fields of optoelectronics, catalysis and sensing due to its super carrier mobility,
large theoretical specific surface area and good thermal conductivity [1,2]. The rapid development of graphene
and the continuous progress of preparation technology have led to the emergence of many other new
nanomaterials, especially transition metal dichalcogenides (TMDs) with graphene-like layered structure, which
is widely concerned [3].
Although graphene has a variety of excellent properties, the untreated graphene itself has no gap. Only by
changing its nanostructure or through a series of chemical functionalization methods can it change its
corresponding defects, which to some extent limits the practical application and commercialization of graphene
[4,5]. On the contrary, the new TMDs have abundant element reserves, unique crystal electronic structure and
rich physical and chemical properties [6], which make up for the shortcomings of graphene to a certain extent,
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and have developed rapidly in the fields of electronic devices, catalysis, sensing and biomedicine. However, the
detection methods of new nanomaterials are also very important. At present, a variety of detection methods have
been developed, including chromatography, spectroscopy, chromatography-mass spectrometry, enzyme-linked
immunosorbent assay, electrochemical methods, etc. [7-9]. Although these methods can detect target objects
well, they still have some shortcomings, such as complex operation, time-consuming and laborious, expensive
detector materials and so on, which cannot be well developed and popularized in practical application. However,
electro-chemiluminescence (ECL) has been widely used in biology, medicine, environment and food analysis
because of its high sensitivity, simple equipment, easy operation, high automation and low background signal
[10]. The construction of ECL sensors with high sensitivity and good selectivity has become a top priority.
Multifunctional nanomaterials and methods to improve the sensitivity of electrochemical sensors play an
important role in the construction of sensors [11]. Nanomaterials have many excellent properties, such as good
photoelectric properties, catalytic properties, large specific surface area and so on, and they show good
application prospects in many fields.
In summary, in order to study the application technology of electrochemical sensors based on new
nanomaterials, AuNPs nanomaterials are prepared, and then Nafion-Ru(bpy)32+-AuNPs complex solution is
obtained by electrostatic interaction. The electrochemical immunosensors are prepared by ECL method, and
their properties are analyzed by TTX (Tetrodotoxin), to provide reference for the preparation of electrochemical
sensors.
2. Method
2.1. Electrochemical Sensor
The electrochemical sensor is based on the electrical or electrochemical properties of the substance or
molecule to be measured, and it can realize quantitative and qualitative analysis of the object to be measured. It
is widely used in many fields, such as medical testing, biological testing, food testing, military and
environmental pollutant monitoring, etc., and the sensor is mainly studied based on nano-material modified
electrode [12].
The electrochemical sensor is tested by converting the chemical or biological information generated by the
interaction between the substance to be measured and sensitive nanomaterials into electrical signals. The related
working principle is shown in Figure 1 [13]. According to the principle, the electrochemical sensor mainly
consists of two parts: identification element system (sensitive element) and conversion element system
(converter) [14]. Generally, the electrode is the conversion element in the sensor, and the nano-material
modified on the electrode becomes the sensing element. The function of recognition element is to selectively
combine the measured substance with the conversion element system, so as to transform the chemical
information of the tested substance into electrochemical information that can be recognized by the system.
However, the conversion element system is to receive the signals transmitted from the identification element
system, amplify or convert the response signals (amplify or transmit in the form of potential, current, impedance,
etc.) through the electrode system, thereby establishing the relationship between the chemical quantities such as
concentration and composition of the substance to be measured and the output signals, and realizing the
quantitative or qualitative analysis of the substance to be measured [15,16]. From the schematic diagram, it can
be seen that the electrode system interacting with the object to be measured is the key sensor to determine the
whole sensor. Therefore, appropriate modification of working electrodes in the electrode system, such as the
development of new electrodes and sensitizer electrodes, can improve the detection sensitivity and detection
limit of electrochemical sensors for target substances. In the classification of electrochemical sensors, there are
different working principles according to the detection signals. The electrochemical sensors can be roughly
divided into potentiometric sensors, amperometric sensors and conductometric sensors [17].
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Figure 1. Principle of electrochemical sensor
2.2. Nanomaterials Commonly Used in Electrochemical Sensors
Nanomaterials generally refer to a kind of materials whose size is between atoms and macro-materials (1100 nm). Nanomaterials have some unique effects, such as quantum effect, interface effect, small size effect,
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surface effect and macro tunneling effect. These unique effects make them have excellent properties (such as
magnetics, thermology, optics, electricity, etc.) [18] that ordinary materials do not have. In addition, nanomaterials can be modified on the surface of electrodes by dropping, electrostatic adsorption, electrodeposition or
embedding, which can give full play to the excellent properties of nano-materials. It will be conducive to
improving the sensitivity and detection limit of electrochemical sensors to target analytes. At the same time, it
will promote the development of electrochemical sensors. At present, the widely used nanomaterials are
graphene, carbon nanotubes, precious metals, metal oxides, polymers, etc. [19].
Physical and chemical methods are commonly used to prepare nano-catalytic materials, which are mainly
divided into the following: mechanical cleavage, epitaxial growth, chemical vaper deposition, graphene oxide
reduction, etc. Metals and metal oxide nano-catalytic materials have small size, excellent electrical conductivity
and biocompatibility, good electrochemical window width and good chemical stability. It also has the
advantages of nanomaterials (mass transfer, high effective surface area, efficient utilization of chemical or
optical properties, etc.) [20]. Metals (Ag, Pt, Cu, Au, Pd, etc.), metal oxides (Fe3O4, CuO, MnOx, ZnO, SnO2,
TiO2, NiO) as excellent catalysts nanoparticles, have various oxidation forms. They are modified to electrodes
and combined with other nanomaterials, which will greatly improve the sensitivity of electrochemical sensors;
composite nanomaterials have two or more different physical and chemical properties. Comparing with ordinary
materials, composite materials not only have excellent properties (such as small size effect, interface effect, etc.)
of single material, but also have synergistic function, which endows materials with unique properties and greatly
broadens the application scope of composite nanomaterials in optics, electromagnetics, catalysis, medicine,
sensors, etc. and many other fields. Composite nanomaterials prepared by various methods and modified
electrodes by different methods can well combine the advantages of composite nanomaterials and
electrochemical analysis. It can not only introduce the excellent and unique properties of composite
nanomaterials into the interface of electrodes, but also provide the unique properties that traditional materials
cannot provide. It can also combine the versatility of composite materials and electrodes. There will also be a
large specific surface area of composite nanomaterials, which will improve the catalytic performance of the
sensor.
2.3. Chemically Modified Electrode
Chemically modified electrodes are the basis of target detection by sensors and have important significance
in sensor research. That is to say, by modifying the electrode with materials with specific functional groups, the
surface chemical properties of the electrode can be changed so that it has the expected functions. Chemical
modified electrode is the key to improve the selectivity and sensitivity of the sensor. The methods of modifying
the electrode mainly include dropping coating, adsorption, covalent bonding and electrodeposition. The
application of nanomaterials modified electrodes in sensor construction is illustrated by nanomaterials. As
shown in Figure 2, the common zero-dimensional metal nanomaterials are AuNPs, PItNPs, AgNPs, CuNCs, etc.
[21]. Metal nanometer material and its composite nanometer material have good electrical conductivity, which
is one of the most widely used modified electrode materials at present. The common one-dimensional
nanometer modified electrode is carbon nanotubes in sensor applications, which has a very large application
prospect [22]. Graphene is a good example in two-dimensional nanomaterials, which has good electrical
conductivity and mechanical properties and also has a large specific surface area. These nanomaterials can
improve electrical conductivity very well [23].
Zero wiener material
modified electrode
nanometer
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One dimensional nanomaterial
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The electrodes are modified with
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Figure 2. Classification of chemically modified electrodes with nanomaterials
2.4. Preparation of AuNPs Nanomaterials
In this experiment, we first stirred and heated 50 mL 0.01% HAuCl solution until boiling, and then quickly
added 2 mL 1% sodium citrate. The solution boiled for about 10 minutes [24]. The color changed from yellow
to black and then to wine red. AuNPs sol was obtained, cooled to room temperature and stored at 4°C for
reserve.
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2.5. Preparation of Nafion-Ru(bpy)32+-AuNPs Compound
1mL above-mentioned AuNPs sol was mixed with 10µL 0.05mol·L-1Ru (bpy)32+ solution. The mixture was
homogeneous by shaking. The static reaction lasted for about 10 minutes, which combined AuNPs with Ru (bpy)
2+
through electrostatic action. Then, 30µL Nafion solution were added to the mixed solution, and the mixed
3
solution of Nafion-Ru (bpy) 32+-AuNPs was obtained by shaking and ultrasound for about 30 minutes[25].
2.6. Preparation of ECL Immunosensor
ECL analysis method was used, which has the advantages of high sensitivity, simple equipment, easy
operation, high automation and low background signal. It has been widely used in the fields of biology,
medicine, environment and food analysis. Pretreatment of glassy carbon electrode: The electrode was polished
to the mirror surface with 1.0, 0.3 and 0.05m of α-Al2O3 powder in turn. Put them in distilled water, ethanol and
distilled water for one minute respectively, then blow the surface of the electrode with nitrogen to dry. The
process of electrode modification was as follows: first, 7µL Nafion-Ru (bpy)32+-AuNPs complex solution was
removed and dried on GCE surface at 37°C; then 10µL 100ng·mL-1anti-TTX solution were dripped on the
modified electrode and incubated at 4°C for 12 hours to obtain anti-TTX modified GCE/Nafion-Ru (bpy) 32+AuNPs (GCE/Nafion-Ru (bpy) 32+-AuNPs/anti-TTX) and washed with ultra-pure water to remove the anti-TTX
adsorbed physically; the washed electrodes were incubated in 100µL 1% BSA solution for 1 hour to block the
non-specific binding sites and washed with distilled water[26].
2.7. TTX Determination
The ECL immunosensor was incubated for 1 hour in 100µL TTX sample solution of different
concentration at 37°C, then washed with distilled water and placed in 0.1mol·L-1 PBS (pH=7.4) test solution for
ECL determination and the data were recorded. Scanning voltage ranges from 0 to 1.2V. The sweep speed is
100mV·s-1. All data measurements are repeated at least three times to get the average [27].
3. Results and Discussion
3.1. Characterization and Analysis of New Nanomaterials
From Figure 3, it is seen that the appearance of AuNPs, Nafion-Ru (bpy)32+-AuNPs and Nafion-Ru
(bpy)32+-AuNPs-anti-TTX are characterized by SEM. It is found that AuNPs are well dispersed and the particle
size is uniform, about 11 nm. From Figure 3B, it can be seen that the Nafion Ru (bpy)32+-AuNPs complex
presents a thick plate-like membrane structure, and can clearly see that there are uniform and bright spots
scattered on it, which indicates that Ru (bpy)32+-AuNPs successfully attaches to the Nafion composite
membrane and provides a good binding site for the antibody. From Figure 3C, it can be further seen that the
thickness of the film increases when Anti-TTX is fixed on the surface of Nafion-Ru (bpy)32+-AuNPs.
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Figure 3. SEM charts of new nanomaterials (A. AuNPs; B. Nafion-Ru (bpy)32+-AuNPs; C. Nafion-Ru(bpy)32+AuNPs-anti-TTX)
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3.2. Analysis of Electrochemical Behavior of ECL Immunosensor
The electrochemical characteristics of the ECL immunosensor constructed in this study are shown in
Figure 4. It can be seen that the electrochemical impedance is also an effective means to characterize the change
of electron transfer rate on the surface of the sensor. The impedance values of the modified electrodes were
measured in the PBS (0.1mol·L-1, pH=7.5) solution containing 5.0mmol·L-1[Fe (CN)6]3-/4- and 0.1mol·L-1 KCl.
The larger the semicircle diameter of the curve in the figure is, the greater the barrier ability of the electrode
surface to [Fe (CN)6]3-/4- electron transfer is. As shown in the figure, the impedance value of curve A-E
increases gradually with the gradual modification of the material. This result is consistent with the result of
cyclic voltammetry, indicating that the biosensor has been successfully constructed [28].
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Figure 4. Impedance maps of different biosensor modified electrodes ((a) bare GCE, (b) GCE/Nafion-Ru
(bpy)32+-AuNPs, (c) GCE/Nafion-Ru(bpy) 32+-AuNPs/anti-TTX, (d) GCE/Nafion-Ru(bpy) 32+-AuNPs/antiTTX/BSA, (e) GCENafion-Ru(bpy) 32+-AuNPs/anti-TTX/BSA/TTX)
3.3. Optimal Analysis of ECL Experimental Conditions
In order to obtain the best test conditions and improve the detection sensitivity of TTX, the pH of buffer
solution and incubation time of target were optimized, respectively. Figure 5 investigates the effect of buffer
solution pH in the range of 6.0-8.5 on ECL strength. Fig. 5A shows that the strength of ECL increases with the
increase of pH in the range of 6.0-7.5, but decreases with the increase of pH in the range of 7.5-8.5. When the
pH is 7.5, the strength of ECL reaches the maximum. The reason for this result may be that pH of the test
solution affects the activity of protein molecule, which leads to the inactivation of protein molecule under strong
acid and alkali conditions. Therefore, the pH of PBS used in this experiment is 7.5.
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Figure 5. Effect of pH on ECL during the experiment

In the experimental study, time is also an important factor affecting the strength of ECL. The effects of
incubation time from 15 min to 90 min on ECL strength were investigated. As shown in Figure 6, the strength of
ECL increases with the extension of time within 15 min to 60 min, and there is no significant change in the
strength of ECL between 60 min and 90 min. This may be due to the limited number of antibodies on the
electrode surface and the saturation of target binding. Therefore, 60 min is the best incubation time.
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Figure 6. Effect of Time on ECL during the experiment
In experimental studies, the full deposition potential of composite nanomaterials is also very important for
achieving optimal sensitivity. Therefore, in the solution with pH 7.5, the effect of deposition potential on
peeling peak current was studied in the range of 0 to 1.2V. From Figure 7, it can be seen that the strength of
ECL increases with time in the deposition voltage range of 0 to 0.6V, and decreases gradually in the range of 0.6
to 1.2V. This may be due to the limited number of antibodies on the electrode surface and the saturation of
target binding. Therefore, 0.6V is the best deposition voltage [29].
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Figure 7. Effect of deposition voltage on ECL during experimental process
3.4. TTX Detection and Analysis
The stability of ECL signal is the most basic condition for sensor to be used in detection. The modified
electrodes were incubated in 100µL 1000 ng·mL-1TTX standard solution for 60 minutes and the stability of
ECL signals was tested [30]. The changes of ECL signals in 9 cycles of continuous scanning from 0V to 1.2V
were investigated. As shown in Figure 8, after a certain scanning time, the ECL signals tended to be stable,
which indicated that the immunosensor had good stability and was suitable for subsequent TTX detection.
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Figure 8. ECL intensity of ECL immunosensor scanning for 9 cycles in 0.1mol·L-1PBS with pH=7.5.
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3.4. Sample Analysis
Different concentrations of TTX labeled samples were added to the solution. The results in Figure 9 show
that the RSD is 3.4-8.1% and the recovery is 98.0-104.2%. This shows that the immunosensor has good
practical value.
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Figure 9. Detection of TTX in real samples (A. Marking value and detection value; B. Recovery rate and
RSD)
4. Conclusions
In order to study the application technology of electrochemical sensors based on new nanomaterials,
AuNPs nanomaterials were prepared, and then Nafion-Ru(bpy)32+-AuNPs complex solution was obtained by
electrostatic interaction. The electrochemical immunosensor was prepared by ECL method, and its performance
was analyzed by TTX measurement [31]. Through the research, it was found that the new nano-materials had
clear appearance and good adhesion. The electrochemical behavior of the ECL immunosensor showed that the
impedance value increased gradually with the gradual modification of the materials, which indicated that the
biosensor was successfully constructed [32]. In the optimization analysis of ECL experimental conditions, it was
found that the pH of PBS was 7.5 and incubation time was 60 min, and it was the best experimental condition
when the deposition voltage was 0.6V. The ECL signal tended to be stable after a certain scanning time was
reached in TTX analysis, which indicated that the immunosensor had good stability and was suitable for
subsequent TTX detection. In sample analysis, it was found that the RSD was 3.4-8.1% and the recovery was
98.0-104.2% by adding different concentration of TTX standard samples, and the immunosensor made had good
practical value [33].
In summary, through the research on the application technology of the new nano-material electrochemical
sensor, it is found that we have prepared a self-enhanced ECL immunosensor without label. TTX as Ru (bpy)32+
co-reactant is directly modified to the surface of the electrode, assisted by good conductivity of AuNPs, which
further improves the sensitivity of the immunosensor. It can provide a basis for the fabrication of bio-immune
labeling sensor in the future. However, there are also some shortcomings in the research process. For example,
Au used in the experiments belongs to one of precious metals. Therefore, more metal materials can be tried in
the later research process in order to prepare nano-material sensors with more reference value.
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