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Chapter

Electro Sensors Based on Quantum 
Dots and Their Applications in 
Diagnostic Medicine
João Pedro R.S. Carvalho and Salvatore Giovanni De-Simone

Abstract

Electrochemical biosensors currently account for an innovative platform capable 
of bringing simplicity, ease, and time reduction associated with drug screening, 
insect capture, DNA detection, and other analytes. Biosensors based on quantum dots 
are a new alternative unique properties of this nanomaterial to the world of diagnostic 
medicine and biochemical analysis, among others. In addition to the known optical 
properties of this nanoparticle, its use presents several advantages when combined 
with electrochemical detection systems associated with increased sensitivity and 
accuracy in detecting specific biomolecules, as well as the reduction of the analysis 
time of the material. This chapter describes in detail the advances and the various 
applications of these nanoparticles in the field of electrochemical sensors, as well as 
their advantages and difficulties today.
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1. Introduction

Biosensors are typical devices that convert biological signals into electrical signals, 
usually with high specificity regardless of pH and temperature, and can be divided 
into several types of sensors [1].

Biological sensors are generally composed of two parts, the first by the natural 
elements such as enzymes, cells, DNA, antibodies, tissues, and others, and the other 
by transducers capable of converting interaction events between the biological parts 
into electrical, light signals, thermal, and others [2].

In addition to the diversity associated with the type of analyte detected by the bio-
logical part, biosensors also differ according to the principle of operation, which can 
be electrochemical, thermal, gravimetric, and optical, among others. For example, in 
an electrochemical biosensor, reactions are measured based on the current, voltage, 
or resistivity produced by the oxidation or reduction of molecules in the medium [3].

Quantum Dots (QDs) are classified as nanostructured semiconductors that are 
formed mostly by elements of periodic groups II–VI, III–V, and IV–VI. Due to their 
zero-dimensional nature and smaller size compared to their excitation Bohr radius, 
they exhibit various optical, electric, and magnetic properties, among others. 



New Advances in Biosensing

2

These unique characteristics make them highly valuable and applicable in several 
areas [4–6].

QDs attract attention for their optical properties, activities, and applications in 
the electrical field. Due to the controlled variation of the Gap between its valence 
and conduction bands, its electronic properties can be explored in several ways, such 
as in the evaluation of charge transport, photocatalysis, electrochemiluminescence, 
conversion of light into electrical energy, among others [7–9].

An important technique that unites QDs and electrosensory is electrochemilumi-
nescence, which combines spectroscopy and electrochemistry, allowing the electronic 
excitation caused by light on the QD to generate currents measurable by equipment, 
which can be used as on/off switches on the surface of electrodes or in reactions that 
use molecules marked with these semiconductors [10].

Although mechanisms based on optical detection, such as Fluorescence 
Resonance Energy Transfer (FRET), fluorescence, and Chemiluminescent 
Resonance Energy Transfer (CRET), have already been widely studied, the use 
of quantum dots (QDs) in the field of photoelectrochemical sensors is relatively 
new. However, it has garnered significant attention due to its remarkable optoelec-
tric properties and potential applications in various fields, including diagnostic 
medicine [11–13].

2. Electrochemical biosensors

Over time, the need for more precise technologies was necessary, making biosen-
sors excellent alternative platforms, as they contain standards based on several points, 
such as high selectivity and sensitivity for detecting the specific analyte, even in 
small quantities. The fast response time, along with the reproducibility, linearity, and 
stability it offers, provides confidence in the measured value during the trial, thereby 
guaranteeing the superiority of this platform [14].

As in other platforms, biosensors have several classifications defined by how the 
biorecognition of the analyte occurs during the reaction. For example, enzymes are 
commonly used in various tests due to their catalytic properties, accelerating gen-
eral biological processes. The principle of this type of biosensor is based on analyte 
metabolization processes, the transformation of the analyte into measurable by-prod-
ucts, inhibition of reactions, and the alteration of the initial enzymatic characteristics 
[15–17].

Currently, nanoparticles have been routinely used in electrochemical tests due to 
their ease of use and amplification of signals during the trial. Besides, nanoparticles 
have different behavior from sensors based on enzymes, with various advantages: 
immobilizing biomolecules, electrochemical catalysis, increasing electron transfer, 
and acting as reactants in solution [18, 19].

Most biosensors use platforms based on electrochemical transducers due to their 
low cost, ease of use, and portability. Reactions are easily measured through tech-
niques such as current measurement (amperometry), charge accumulation (poten-
tiometry), impedance differences (amperometry), or the union between conductive 
properties between the electrodes (conductometry) [20, 21].

One of the areas with great attention focused on the development of biosensors is 
related to the miniaturization of the architectures present in electrochemical plat-
forms. This approach not only reduces noise but also enables the utilization of this 
platform in multiplexed assays, with the ability to detect multiple analytes [22].
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The selection of electrodes in electrochemical immunoassays brings several 
 advantages related to their construction methods, such as the use of only one reac-
tion substrate and the reduced size, allowing the use of smaller amounts of reagent 
(Figure 1). Furthermore, in addition to the potential for mass production, the 
utilization of biosensors based on quantum dots offers advantages such as reduced 
cost compared to conventional electrodes. Thses biosensors also provide the option 
of single-use, eliminating the need for cleaning processes that can negatively affect 

reproducibility and stability [23–25].

3. The electrochemistry of quantum dots

It is important to note that the influence of the core diameter, protective shell 
size, and functional groups on the QDs concerning their redox activity is not yet well 
understood. However, it is recognized that the quality of the nanomaterial plays a 
fundamental role in determining the photocurrent potential [26].

In the generation of current induced by light, some criteria are known to be sig-
nificant in the process. For efficient electronic transfer, factors such as the distances 
and the nature of the connections between QD-electrode and QD-analyte are crucial. 
The redox rate can also be affected by the properties of the Quantum dots and their 
surface ligands. Moreover, the light induction can generate charge recombination 
events in the system, involving the electronic transfer [27].

Several investigations on the electrochemical behavior of QDs have been carried 
out using aqueous solutions as a basis or deposited on electrodes. Although there are 
few studies on the correlation between their structure and their redox potential, some 
works compare the optical performance concerning the electroche mical activity of 
these nanocrystals [28, 29].

Of the main challenges associated with the electrochemical behavior of these 
semiconductors, the main ones are related to the low solubility and the low diffusion 
coefficient, which makes the measurement of current intensity little distinguishable 

Figure 1. 
A schematic of a biosensor with electrochemical transducer.
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from interference. Furthermore, the occurrence of electronic removal or injection 
within the particle, resulting from redox processes, often leads to chemical irrevers-
ibility. This chemical irreversibility can contribute to less reproducible measure-
ments [30].

One study evaluated the correlation between the electrochemical band gap and the 
Luminous electronic spectrum. In quantum dots based on CdS, it is evident that these 
nanoparticles actively participate by fuctioning as both multiple electron donors and 
acceptors, owing to their confinement within the particle [28].

In order to gain a deeper understanding of the electrochemical properties of 
CdTe-based QDs, a comprehensive evaluation of multiple parameters was conducted. 
These parameters included particle size, solution pH, and surface stabilizing agents. 
The technique of cyclic voltammetry was employed to investigate these aspects. The 
results of the study revealed that the reduction and oxidation events observed in the 
QDs could be attributed to the positions of the energy bands, which were influenced 
by the quantum size effect [31].

The so-called traps are energy states formed by breaking the surface symmetry of 
the QDs that occur within the valence and conduction bands. These traps are closely 
linked to changes generated in the direction of the polarization potential, which 
affects the behavior of the QDs [32–34].

4. The use of quantum dots in electrodes

Electrochemical immunological sensors are strong candidates to be used as 
platforms in medical centers due to their great sensitivity and specificity associated 
with diagnostic tests. To increase these values, it is necessary to use signal amplifica-
tion strategies in response to the analyte, mainly in immunosensors aimed at rapid 
detection [35].

The number of publications using QDs in electrosensors has increased exponen-
tially since 2005. In addition, several publications relating nanoparticles of this type 
to modifications for the construction of immunosensors, comparisons of this mate-
rial with bulky materials, immobilization platforms, and changes in electrodes and 
electrocatalysts were made during this period [35].

Quantum dots have been used in several signal amplification strategies to increase 
sensitivity in immunological electrochemical sensors due to their high surface-volume 
ratio. In addition to their biocompatibility when associating with other molecules, 
their unique reaction characteristics and surface modification capacity make this 
nanomaterial essential in these applications [35, 36].

QDs can also be used for marking various antibodies through conjugation methods 
involving the activation of esters through avidin-biotin-type bonds, among others. In 
addition, the electrodes can be directly modified with this nanomaterial and succes-
sively joined to molecules such as aptamers, antibodies, or antigens to recognize a 
specific target, where after the reaction, there will be a change in the electrochemical 
behavior [27, 37].

When electrodes are modified with nanostructures such as QDs, several func-
tional groups allow greater accessibility of molecules, such as adsorption-type bind-
ing events, which occur on the surface of this electrode. In sequence, a fast electronic 
transfer is made due to the high conductivity of the material, in addition to the 
increase in the number of surface molecules associated with high surface area [38].
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One of the most used techniques when working with metallic nanoparticles 
involves the use of acidic solutions capable of dissociating metallic cations so that it is 
possible to quantify the bound nanoparticles through voltammetric and amperomet-
ric techniques, to measure the number of ions, which are proportional to the number 
of nanoparticles and in turn of the analyte [35].

Nanoparticles can also function as carriers of electroactive species and be mea-
sured. As these nanoparticles would create two distinct electrochemical signals 
compared to single-metal nanoparticles such as AuNPs or AgNPs, they can be loaded 
with species of diverse chemical composition, allowing their use in multiplexed 
electro sensors [39].

As the immobilized layer, which normally connects the nanoparticles to the 
electrode, prevents the substances from reaching its surface, the electronic transfer 
reactions are attenuated, with a low current background. However, due to the pho-
toactivation capacity of the QDs, the condition changes drastically after the correct 
excitation of the light spectrum and redox reactions become possible, creating easy-
to-use, accessible, and portable sensor systems [40].

A common problem of the strategy that involves immobilizing the QDs on the 
electrodes is the production of unstable photocurrent (drift). One of the main reasons 
associated with this, including the poor connection between the QD-electrode, which 
ends up releasing the nanoparticles previously immobilized during the measurement 
of currents. In this case, coupling reagents capable of covalently joining the nanopar-
ticles to the surface of the electrodes are used to guarantee the generation of stable 
photocurrents through the electronic conduction between both [41–43].

Another area for improvement in the direct connection of the QD-electrode is 
the so-called photo corrosion of the excited nanoparticles. In this case, the drift 
occurs because the QDs can act as capacitors; if, during the reduction and oxidation 
events of the system, there are no electron donors or acceptors in the solution, the 
nanoparticles are continuously reduced and oxidized by the electrode, generating a 
change in the photocurrent with the variation of time, affecting the stability of the 
reaction [44–46].

The incorporation of other nanoparticles into the electrode system along with QDs 
is an incredibly valuable approach to facilitate electronic transfer within the system. 
This alternative often involves the use of nanoparticles such as gold nanoparticles, 
carbon nanotubes, titanium dioxide, and graphene, which aid in enhancing the 
performance and efficiency of the QD-based electrol system. In addition to more, 
the use of these nanoparticles in the system helps to avoid charge recombination of 
the electronic carriers, ensuring greater sensitivity for the detection of redox species 
in the solution [47–50].

An alternative for modifying the electrode is the coating of ligands on the surface 
of the QDs for coupling to the electrode. In addition to these ligands adjusting the 
electrical properties, they make possible covalent and non-covalent connections 
depending on the strategy and the use of overlapping layers with the advantage of 
increasing the photocurrent magnitude [27, 51–53].

Generally, after light excitation and application of a specific potential, the 
electrons can tunnel from the electrode to the valence band of the QDs (Figure 2). 
Consequently, the conduction band’s electrons interact with the solution’s external 
electron acceptor molecules. In this case, the current increases proportionally with 
the concentration of acceptors on the surface. On the other hand, if the substances in 
the solution are electron donors, tunneling occurs in the opposite direction [54].
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By comparing electrodes modified with QDs to unmodified electrodes, it becomes 
evident that the inclusion of nanoparticles offers an additional tool to regulate the 
reaction. The incidence of light directed to only a specific area allows the analysis 
of multiple regions within the same electrode. The analyte is only detected after the 
presence of light excitation. In this case, the resolution varies according to the accep-
tor molecule and the light system used, the name given to the strategy refers to the 
concept of light-addressable sensor systems [55–57].

When comparing theoretical and experimental models, it is possible to observe 
that both cite the implications associated with variations in the distance between the 
valence and conduction bands. The final formation of photocurrent is influenced by 
various factors, including the size of the nanoparticle, the distances between the elec-
trode and the QDs, as well as the type of conductive properties of their ligands, the 
concentration of redox materials, and the light spectra. Thses parameters play crucial 
roles in determining the efficiency and characteristics of the generated photocurrent 
[41, 58, 59].

Another interesting concept of the QD-electrode system is its ability to recognize 
analytes without the need for labeling them with other secondary structures contain-
ing electroactive species. In this case, elements such as antibodies, aptamers, or DNA 
will be added on the surface of this, and only with the specific recognition of an 
analyte the charge of the system will be altered, characterizing the binding [60].

In addition to their role in coating the electrode surface, QDs can also serve as 
markers for molecules. They serve as electroactive structures that can be detected 
when the capture structure and the labeled analyte come into proximity, establishing 
a connection with the electrode. This system can also be amplified by increasing the 
number of molecules attached to the surface of nanoparticles [61].

Among the various ways of using QDs, electrochemiluminescence can detect a 
wide range of analytes in the solution. In this case, electrochemical reactions excite 
the nanoparticles, causing them to emit a certain fluorescence, which will be quanti-
fied concerning the amount of analyte recognized in the system [27].

Like many semiconductors, QDs can be excited through various means, including 
light spectra as well as chemical and electrochemical reactions. The emission of light 
from QDs can be controlled by applying potentials to the electrode, leading to sequen-
tial responses. One significant advantage of this approach is the ability to confine the 
reaction to a specific area without the need for external light sources. Additionally, 
the absence of a background associated with ambient light further enhances the 
precision and accuracy of the measurement conducted using QDs [62, 63].

Figure 2. 
Electron transfer process at a quantum dot-modified electrode after illumination: (A) reduction process generated 
by the electron acceptor and (B) oxidation process generated by the electron donor.
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Similar to the photoluminescence, the physical properties of QDs, such as the 
distance between the valence and conduction bands and the change in the applied 
electrochemical potential, can also be explored to refine the final result system. This 
capability allows for the utilization of QDs in a multiplexed format, enabling their 
application in several new fields [64, 65].

Despite the various advantages of electrochemiluminescence with QDs, when 
compared to substances such as luminol, the yield is much lower, for this some strate-
gies are used, such as modifying the electrode with graphene, carbon nanotubes, and 
titanium oxide, in addition to the use of nanoparticles of gold to amplify the lumines-
cent signal of the system [66–68].

Another limiting factor of systems using electrochemiluminescence involves light 
emission in visible spectra, requiring protection against external input of wave-
lengths [69, 70].

5. Use of electro sensors based on QD in the diagnostic area

Immunodiagnosis refers to techniques capable of detecting immunological 
analytes based on antibodies used in conjunction with other structures. The union 
of the high sensitivity and specificity of the antibodies makes the immunological 
tests widely used and, depending on the test, with relatively low cost, making these 
methodologies popular in a clinical environment [71].

As with any other platform, the selection of reagents, methodology, antigens, and 
antibodies used in immunological tests are extremely important, generating differ-
ent limits of detection, sensitivity, reproducibility, and other parameters capable of 
affecting the performance of the test based on these precepts, several forms of detec-
tion have emerged over time for specific types of analytes [71].

For a long time, immunosensory platforms based on electrochemical signals 
have been used, bringing advantages such as speed, precision, and sensitivity to the 
tests [71, 72].

An indirect photoelectrochemical sensor employing enzymes was used to detect 
acetylcholine by monitoring variation in the photocurrent generated in relation to its 
concentration in the solution. The system consisted of the enzyme acetylcholinester-
ase covalently linked to CdS quantum dots connected to the electrode; the enzyme 
catalyzes the hydrolysis of acetylcholine, which releases acetate and thiocholine, 
the latter acting as an electron donor to the system, contributing to increasing the 
photocurrent peak amplitude [73].

In another work, using enzymes associated with QDs, sarcosine oxidase was used 
with electrodes containing CdSe/ZnS Quantum dots to determine the amount of free 
sarcosine in the solution. In this case, the catalysis of oxidation generated formalde-
hyde and glycine. However, oxygen was consumed during light excitation, causing 
changes in the photocurrent concerning the amount of analyte in the sample [74].

Several sensors use QDs on gold surfaces. In this case, their use for detecting the 
cytochrome C protein was first done with the binding of QDs CdSe/ZnS to the surface 
of the electrode with the help of specific linkers. During the tests, it was possible to 
observe the changes in the photocurrent with the oxidation and reduction states of the 
protein, resulting in different anode and cathode currents during the experiment [75].

Still on photoelectrochemical assays, an immunosensor capable of detecting the 
concentration of type G immunoglobulins was developed through the multilayer 
deposition of QD on the surface of Indium tin oxide electrodes. The photocurrent 
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variation was generated due to steric hindrances events by the formation of the 
immune complex [76].

Apart from traditional single-analysis methodologies, a novel approach was 
emoployed to develop a multiplex immunosensor capable of simultaneously detecting 
multiple biomarkers. This innovative strategy involved the utilization of PbS, ZnS, 
and CdS QDs. By employing square-wave anodic stripping voltammetry, it became 
feasible to detect and differentiate three different antibodies in the same sample [77].

Using the technique of dissolution of QDs in acid solutions, it was possible to 
develop an electro sensor based on QDs of CdSe/ZnS as a marker of phosphorylated 
bovine serum albumin. The nanoparticles were used for amplification of the electri-
cal signal when conjugated to a specific secondary antibody, after acid dissolution, 
an electrochemical stripping analysis was performed making it possible to correlate 
between QD and antibody concentration [78].

Several types of QDs are useful in the construction of electro sensors to develop 
a Carcinoembryonic Antigen (CEA). One group used poly(5-formyl indole)/electro-
chemically-reduced graphene oxide nanocomposite (P5FIn/erGO) and Au nanopar-
ticles (AuNPs) to facilitate the transport of ions during redox events. Moreover, the 
modification allows the increase of the primary antibody immobilization area, and 
finally, the gold nanoparticles amplify the system signal [79].

Assays of the “label-free” type have several advantages associated with nanopar-
ticles. Therefore, an electrochemical immunosensor used graphene QDs with gold 
nanoparticles to detect and quantify Human Chorionic Gonadotropin (HCG) in 
human serum. The modification made the more sensitive assay increase the electronic 
flow, allowing the coupling of a greater number of proteins on its surface and greater 
reproducibility of the test [80].

In addition to electro sensors based on enzymes or antibodies, those based on 
DNA/RNA are of great use in the diagnostic area. A study involved the simultaneous 
detection of several proteins from aptamers immobilized on the gold surface of the 
electrode, and after incubation, different QDs of lead sulfide and cadmium telluride 
allowed selective detection and differentiation based on other voltammetric charac-
teristics [36].

Still, magnetic nanoparticles based on ZnFe2O4/GQDs were used on DNA-based 
detection systems to mimic peroxidase-type activities. In this case, the capture DNA 
immobilized on the electrode surface served to capture the analyte. Susequently, in a 
sandwich system, the nanoparticles allowed this quantification through the reduction 
of electrical peaks [81].

In another example, a work proposed a glucose sensor without using enzymes. For 
this, it used CdTe QD-functionalized ZnO nanosheets with excellent photocatalytic 
activity, and the labeled capture DNA was immobilized on the associated modified 
electrode. The detection made by electrocatalysis of Pt/TiO2 NTA on glucose at low 
potential allows detection with very low interference [82].

A simple “label free” system was developed for the detection of hepatitis B virus 
through DNA using graphene QDs on the electrode, the method used an immobilized 
complementary DNA strand for the capture of HBV-DNA that, in the absence of this 
analyte, caused a low voltammetric value, referring to the low oxidation of potassium 
ferricyanide, but in the presence of complementary DNA, these values increased 
drastically, being able to diagnose the presence of the virus [83].

In diagnosing pathogenic bacteria, using electro sensors also proves to be a great 
alternative to conventional methods. Using graphene QDs on gold electrodes, a “label-
free” type sensor was developed where specific antibodies were immobilized with 
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bovine serum albumin and ethanolamine. The quantification of the bacteria was done 
through amperometry, where after the addition of H2O2, the immunocomplex varied 
the oxidation levels with the growth of the concentration of Yersinia enterocolitis [84].

In addition to common diagnoses, Living-cell detection has received attention 
associated with toxicity analysis and medical applications. One study used the pho-
toelectrochemistry of graphene-CdS nanocomposites as a mechanism for amplifying 
the electronic transport process and increasing photocurrent, in addition to ensuring 
system stability and linear response with a low detection limit [85].

6. Conclusions

In recent years, there has been a rapid increase in research activity and interest in 
QDs. High quantum yield, stability, and stable electrochemical characteristics make 
these nanoparticles unique. The biosensors discussed in this work are electrical, 
utilizing reactive mediators that can be detected through various processes such as 
quantum tunneling generated by photoelectrochemistry, potential increase through 
changes in system charge, and electrochemiluminescent events. Applications of the 
distinctive electrochemical and photophysical features of QDs are expanding in many 
areas, offering fascinating prospects for the accurate and sensitive detection of vari-
ous biochemical species. QDs functionalized with different biomolecules can provide 
distinct platforms for signal transduction for biomolecular detection and direct elec-
tron energy transfer for photoelectric interconversion processes. The development of 
QD-based electrochemical bioanalyses will continue to be driven by the demand for 
miniaturization, to develop faster, cheaper clinical diagnostic tests based on a lab on a 
chip application.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



New Advances in Biosensing

10

References

[1] Mehrotra P. Biosensors and their 
applications – A review. Journal of Oral 
Biology and Craniofacial Research. 
2016;6(2):153-159. DOI: 10.1016/j.
jobcr.2015.12.002

[2] Mohanty SP, Koucianos E. Biosensors: 
A tutorial review. IEEE Potentials. 
2006;25(2):35-40. DOI: 10.1109/
MP.2006.1649009

[3] Thévenot DR, Toth K, Durst RA, 
Wilson GS. Electrochemical biosensors: 
Recommended definitions and 
classification. Biosensors & 
Bioelectronics. 2001;16(1-2):121-131. 
DOI: 10.1016/s0956-5663(01)00115-4

[4] Nirmal M, Brus L. Luminescence 
photophysics in semiconductor nano 
crystals. Accounts of Chemical Research. 
1999;32(5):407-414. DOI: 10.1021/ar9700 
32 0

[5] Xiong HM, Xu Y, Ren QG, Xia YY. 
Stable aqueous ZnO@polymer core-
shell nanoparticles with tunable 
photoluminescence and their application 
in cell imaging. Journal of the American 
Chemical Society. 2008;130(24):7522-
7523. DOI: 10.1021/ja800 999u

[6] Jun YW, Lee JH, Cheon J. Chemical 
design of nanoparticle probes 
for high-performance magnetic 
resonance imaging. Angewandte 
Chemie (International Ed. in English). 
2008;47(28):5122-5135. DOI: 10.1002/
anie.200701674

[7] Bakkers EPAM, Roest AL,  
Marsman AW, Jenneskens LW, 
De LL, Kelly JJ, et al. Characterization 
of Photoinduced electron Tunneling 
in gold/SAM/Q-CdSe systems by 
time-resolved Photoelectrochemistry. 
Journal of Physical Chemistry B. 

2000;104(31):7266-7272. DOI: 10.1021/
jp000286u

[8] Pardo R, Zayat M, Levy D. A 
photochromic organic–inorganic hybrid 
materials. Chemical Society Reviews. 
2011;40(2):672-687. DOI: 10.1021/acs. 
Chemma ter.1c03906

[9] Tristão JC, Magalhães F, Corio P, 
Sansiviero MTC. Electronic characteriza 
tion and photocatalytic properties of 
CdS/TiO2 semiconductor composite. 
Journal of Photochemistry and 
Photobiology A. 2006;181(2):152-157. 
DOI: 10.1016/j.jphotochem.2005.11.018

[10] Ding Z, Quinn BM, Haram SK,  
Pell LE, Korgel BA, Bard AJ. 
Electrochemis try and electrogenerated 
chemiluminescence from silicon 
nanocrystal quantum dots. Science. 
2002;296(5571):1293-1297. DOI: 10.1126/
science.1069336

[11] Balogun SA, Fayemi OE.  
Electrochemical sensors for 
determination of bromate in water 
and food samples—Review. Biosensors 
(Basel). 2021;11(6):172. DOI: 10.3 390/
bios11060172

[12] Lin CAJ, Liedl T, Sperling RA,  
Fernández-Argüelles MT, 
Costa-Fernández JM, Pereiro R, et 
al. Bioanalytics and biolabeling with 
semiconductor nanoparticles (quantum 
dots). Journal of Materials Chemistry. 
2007;17(14):1343-1346. DOI: 10.1039/
B618902D

[13] Arvand M, Hemmati S. Analytical 
methodology for the electro-catalytic 
determination of estradiol and 
progesterone based on graphene 
quantum dots and poly(sulfosalicylic 
acid) co-modified electrode. Talanta. 



Electro Sensors Based on Quantum Dots and Their Applications in Diagnostic Medicine
DOI: http://dx.doi.org/10.5992/intechopen.111920

11

2017;174:243-255. DOI: 10.1016/j.
talanta.2017.05.083

[14] Naresh V, Lee N. A review on 
biosensors and recent development 
of nanostructured materials-enabled 
biosensors. Sensors (Basel). 2022;21(4):1-
35. DOI: 10.3390/s21041109

[15] Nguyen HH, Lee SH, Lee UJ,  
Fermin CD, Kim M. Immobilized 
enzymes in biosensor applications. 
Materials (Basel). 2019;12(1):121. 
DOI: 10.3390/ma 120 10121

[16] Justino CIL, Freitas AC, Pereira R, 
Duarte AC, Rocha Santos TAP. Recent 
developments in recognition elements 
for chemical sensors and biosensors. 
TrAC Trends in Analytical Chemistry. 
2015;68:2-17. DOI: 10.1016/j.
trac.2015.03.006

[17] Perumal V, Hashim U. Advances 
in biosensors: Principle, architecture, 
and applications. Journal of Applied 
Biomedicine. 2014;12(1):1-15. 
DOI: 10.1016/j.jab.2013.02.001

[18] Katz E, Willner I, Wang J.  
Electroanalytical and 
bioelectroanalytical systems based on 
metal and semiconductor nanoparticles. 
Electroanalysis. 2004;16(1-2):19-44. 
DOI: 10.1002/elan.200302930

[19] Luo X, Morrin A, Killard AJ, 
Smyth MR. Application of nanoparticles 
in electrochemical sensors and 
biosensors. Electroanalysis. 
2006;18(4):319-326. DOI: 10.1002/
elan.200503415

[20] Murugaiyan SB, Ramasamy R, 
Gopal N, Kuzhandaivelu V. Biosensors 
in clinical chemistry: An overview. 
Advanced Biomedical Research. 
2014;3:67. DOI: 10.4103/2277-9175.125848

[21] Grieshaber D, MacKenzie R, Vörös J, 
Reimhult E. Electrochemical Biosen 

sors - sensor principles and architectures. 
Sensors (Basel). 2008;8(3):1400-1458. 
DOI: 10.3390/s80314000

[22] Zhang Y, Lai BS, Juhas M. Recent 
advances in Aptamer discovery and 
applications. Molecules. 2019;24(5):941. 
DOI: 10.3390/molecules24050941

[23] Derkus B. Applying the 
miniaturization technologies for 
biosensor design. Biosensors & 
Bioelectronics. 2016;79:901-913. 
DOI: 10.1016/j.bios.2016.01.033

[24] Felix FS, Angnes L. Electrochemical 
immunosensors - a powerful tool for 
analytical applications. Biosensors 
& Bioelectronics. 2018;102:470-478. 
DOI: 10.10 16/j.bios.2017.11.029

[25] Ricci F, Adornetto G, 
Palleschi G. A review of experimental 
aspects f electrochemical 
immunosensors. Electrochimica 
Acta. 2012;84:74-83. DOI: 10.1016/j.
electacta.2012.06.033

[26] Amelia M, Impellizzeri S, 
Monaco S, Yildiz I, Silvi S, Raymo FM, 
et al. Structural and size effects on the 
spectroscopic and redox properties 
of CdSe nanocrystals in solution: The 
role of defect states. ChemPhysChem. 
2011;12(12):2280-2288. DOI: 10.1002/
cphc.201100300

[27] Lisdat F, Schäfer D, Kapp A. 
Quantum dots on electrodes--new tools 
for bioelectroanalysis. Analytical 
and Bioanalytical Chemistry. 
2013;405(11):3739-3752. DOI: 10. 1007/
s00216-013-6789-1

[28] Haram SK, Quinn BM, Bard AJ. 
Electrochemistry of CdS nanoparticles: 
A correlation between optical and 
electrochemical band gaps [5]. Journal 
of the American Chemical Society. 



New Advances in Biosensing

12

2001;123(36):8860-8861. DOI: 10.1021/
ja0158206

[29] Wang C, Shim M, Guyot-Sionnest P. 
Electrochromic semiconductor 
nanocrystal films. Applied 
Physics Letters. 2002;80(1):4. 
DOI: 10.1063/1.1430852

[30] Bae Y, Lee DC, Rhogojina EV,  
Jurbergs DC, Korgel BA, Bard AJ. 
Electrochemistry and electrogenerated 
chemiluminescence of films of silicon 
nanoparticles in aqueous solution. 
Nanotechnology. 2006;17(15):3791. DOI: 
10.1088/0957-4484/17/15/030

[31] Poznyak SK, Osipovich NP, Shavel A, 
Talapin DV, Gao M, Eychmüller A, et al. 
Size-dependent electrochemical behavior 
of thiol-capped CdTe nanocrystals in 
aqueous solution. The Journal of Physical 
Chemistry. B. 2005;109(3):1094-1100. 
DOI: 10.1021/jp0 460801

[32] Su B, Abid JP, Fermín DJ, Girault HH, 
Hoffmannová H, Krtil P, et al. Reversible 
voltage-induced assembly of Au 
nanoparticles at liquid |liquid 
interfaces. Journal of the American 
Chemical Society. 2004;126(3):915-919. 
DOI: 10.1021/ja0386187

[33] Cuharuc AS, Kulyuk LL, Lascova RI, 
Mitioglu AA, Dikusar AI. Electroche 
mical characterization of PbS quantum 
dots capped with oleic acid and PbS 
thin films - a comparative study. 
Surface Engineering and Applied 
Electrochemistry. 2012;48(3):193-211. 
DOI: 10.31 03/S1068375512030040

[34] Baral S, Fojtik A, Weller H, 
Henglein A. Photochemistry and 
radiation chemistry of colloidal 
semiconductors. 12. Intermediates of the 
oxidation of extremely small particles 
of CdS, ZnS, and Cd3P2 and size 
quantization effects (a pulse radiolysis 
study). Journal of the American 

Chemical Society. 1986;108(3):375-378. 
DOI: 10.1021/ja00263a005

[35] Kokkinos C, Economou A, 
Prodromidis MI. Electrochemical immunosens 
ors: Critical survey of different 
architectures and transduction strategies. 
TrAC - Trends in Analytical Chemistry. 
2016;79:88-105. DOI: 10.1016/j.
trac.2015.11.0 20

[36] Hansen JA, Wang J, Kawde AN,  
Xiang Y, Gothelf KV, Collins G.  
Quantum-dot/aptamer-based 
ultrasensitive multi-analyte 
electrochemical biosen sor. Journal 
of the American Chemical Society. 
2006;128(7):2228-2229. DOI: 10.1021/
ja060005h

[37] Esteve-Turrillas FA, Abad-Fuentes A. 
Applications of quantum dots as probes 
in immunosensing of small-sized 
analytes. Biosensors & Bioelectronics. 
2013;41(1):12-29. DOI: 10.1016/j.
bios.2012.09.025

[38] Campuzano S, Yáñez-Sedeño P, 
Pingarrón JM. Carbon dots and graphene 
quantum dots in electrochemical 
biosensing. Nanomaterials (Basel). 
2019;9(4):634. DOI: 10.3390/
nano9040634

[39] Martín-Yerga D. Electrochemical 
detection and characterization of 
nanoparticles with printed devices. 
Biosensors (Basel). 2019;9(2):47. 
DOI: 10.3390/bios 9020047

[40] Russ Algar W, Krull UJ. Interfacial 
chemistry and the design of solid-phase 
nucleic acid hybridization assays using 
immobilized quantum dots as donors in 
fluorescence resonance energy transfer. 
Sensors (Basel). 2011;11(6):6214-6236. 
DOI: 10.3390/s110606214

[41] Khalid W, El Helou M, Murböck T, 
Yue Z, Montenegro JM, Schubert K, et al. 



Electro Sensors Based on Quantum Dots and Their Applications in Diagnostic Medicine
DOI: http://dx.doi.org/10.5992/intechopen.111920

13

Immobilization of quantum dots via 
conjugated self-assembled monolayers 
and their application as a light-
controlled sensor for detecting hydrogen 
peroxide. ACS Nano. 2011;5(12):98706. 
DOI: 10.1021/nn2035582

[42] Kano S, Tada T, Majima Y. 
Nanoparticle characterization based on 
STM and STS. Chemical Society Reviews. 
2015;44(4):970-987. DOI: 10.1039/
c4cs00204k

[43] Shallcross RC, D'Ambruoso GD,  
Korth BD, Hall HK, Zheng Z, Pyun J,  
Armstrong NR. Poly(3,4-ethylene-
dioxythiophene)-semiconductor 
nano particle composite thin films 
tethered to indium tin oxide substrates 
via electropolymerization. Journal 
of the American Chemical Society 
2007;129(37):11310-1. Doi: 10. 1021/
ja073332d

[44] Weizmann Y, Patolsky F, Katz E, 
Willner I. Amplified DNA sensing and 
immunosensing by the rotation of 
functional magnetic particles. Journal 
of the American Chemical Society. 
2003;125(12):3452-3454. DOI: 10.1021/
ja028850x

[45] Karatum O, Kaleli HN, Eren GO,  
Sahin A, Nizamoglu S. Electrical 
stimulation of neurons with quantum 
dots via near-infrared light. ACS Nano. 
2022;16:8233-8243. DOI: 10.1021/
acsnano.2c01989

[46] Miethe JF, Luebkemann F,  
Schlosser A, Dorfs D, Bigall NC.  
Revealing the correlation of the 
electrochemical properties and the 
hydration of inkjet-printed CdSe/
CdS semiconductor gels. Langmuir. 
2020;36(17):4757-4765. DOI: 10.1021/acs.
langmuir.9b03708

[47] Kamat PV. Photophysical, 
photochemical and photocatalytic 

aspects of metal nanoparticles. 
Journal of Physical Chemistry B. 
2002;106(32):7729-7744. DOI: 10.1021/
jp0209289

[48] Robel I, Bunker BA, Kamat PV. 
Single-walled carbon nanotube–CdS 
nanocomposites as light-harvesting 
assemblies: Photoinduced charge-
transfer interactions. Advanced 
Materials. 2005;17(20):2458-2463. 
DOI: 10.100 2/adma.200500418

[49] Kongkanand A, Tvrdy K, Takechi K, 
Kuno M, Kamat PV. Quantum dot solar 
cells. Tuning photoresponse through 
size and shape control of CdSe-TiO2 
architecture. Journal of the American 
Chemical Society. 2008;130(12):4007-
4015 Doi:10.1021/ja0782 706

[50] Mandal S, Jain N, Pandey MK, 
Sreejakumari SS, Shukla P, Chanda A, 
et al. Ultra-bright emission from Sr 
doped TiO2 nanoparticles through r-GO 
conjugation. Royal Society Open Science. 
2019;6(3):190100. DOI: 10.1098/
rsos.190100

[51] Zhang L, Gu C, Wen J, Liu G, Liu H, 
Li L. Recent advances in nanomaterial-
based biosensors for the detection of 
exosomes. Analytical and Bioanalytical 
Chemistry. 2021;413(1):83-102. 
DOI: 10.1007/s00216-020-03000-0

[52] Ba D, Boyaci IH. Quantitative 
photoelectrochemical detection of 
biotin conjugated CdSe/ZnS quantum 
dots on the avidin immobilized ITO 
electrodes electrodes. Electroanalysis. 
2009;21(16):1829-1834. DOI: 10.10 02/
elan.2009046 19

[53] Qin B, Chen H, Liang H, Fu L, Liu X, 
Qiu X, et al. Reversible photoswitcha ble 
fluorescence in thin films of inorganic 
nanoparticle and polyoxome talate 
assemblies. Journal of the American 
Chemical Society. 2010;132(9):2886-
2888. DOI: 10.1021/ja 908201x



New Advances in Biosensing

14

[54] Yue Z, Lisdat F, Parak WJ, Hickey SG, 
Tu L, Sabir N, et al. Quantum-dot-
based photoelectrochemical sensors 
for chemical and biological detection. 
ACS Applied Materials & Interfaces. 
2013;5(8):2800-2814. DOI: 10.1021/
am3028662

[55] Wagner T, Vornholt W, Werner CF, 
Yoshinobu T, Ko-Kichiro M, Keusgen M, 
et al. Light-addressable potentiometric 
sensor (LAPS) combined with 
magnetic beads for pharmaceutical 
screening. Physics Medicine. 2016;1:2-7. 
DOI: 10.1016/j.phmed.2016.03.001

[56] Bratov A, Abramova N, Ipatov A. 
Recent trends in potentiometric sensor 
arrays--a review. Analytica Chimica Acta. 
2010;678(2):149-159. DOI: 10.1016/j.
aca.2010.08.035

[57] Yue Z, Khalid W, Zanella M, 
Abbasi AZ, Pfreundt A, Rivera Gil P, et 
al. Evaluation of quantum dots applied 
as switchable layer in a light-controlled 
electrochemi cal sensor. Analytical 
and Bioanalytical Chemistry. 
2010;396(3):1095-1103. DOI: 10.1007/
s00216-009-3347-y

[58] Schlosser A, Meyer LC, 
Lübkemann F, Miethe JF, Bigall NC. 
Nanoplatelet cryoaerogels with potential 
application in photoelectrochemical 
sensing. Physical Chemistry Chemical 
Physics. 2019;21(18):9002-9012. 
DOI: 10.1039/c9cp0028 1b

[59] Gamero-Quijano A, 
Molina-Osorio AF, Peljo P, Scanlon MD. 
Closed bipolar electrochemistry in 
a four-electrode configuration. 
Physical Chemistry Chemical Physics. 
2019;21(19):9627-9640. DOI: 10.1039/
c9cp00774a

[60] Shi-Li L, Shou-Zhen C, 
Qian Z, Zheng-Hu X, Yu L, Ji-Hui J, 
et al. Photoelec troche mical competitive 

detection of biotin. Chinese 
Journal of Analytical Chemistry. 
2013;41(10):1477-1481. DOI: 10.1016/
S1872-2040(13)60682-9

[61] Golub E, Pelossof G, Freeman R, 
Zhang H, Willner I. Electrochemical, 
photoelectrochemical, and surface 
plasmon resonance detection of 
cocaine using supramolecular aptamer 
complexes and metallic or semiconductor 
nanoparticles. Analytical Chemistry. 
2009;81(22):9291-9298. DOI: 10. 1021/
ac901551q

[62] Algar WR, Tavares AJ, Krull UJ.  
Beyond labels: A review of the 
application of quantum dots as integrated 
components of assays, bioprobes, and 
biosensors utilizing optical transduction. 
Analytica Chimica Acta. 2010;673(1):1-
25. DOI: 10.1016/j.aca.2010.05.026

[63] Frigerio C, Ribeiro DSM, 
Rodrigues SSM, Abreu VLRG, Barbosa JAC, 
Prior JAV, et al. Application of quantum 
dots as analytical tools in automated 
chemical analysis: A review. Analytica 
Chimica Acta. 2012;735:9-22. 
DOI: 10.1016/j.aca.2012.04.042

[64] Hua L, Han H, Zhang X. Size-
dependent electrochemiluminescence 
behavior of water-soluble CdTe quantum 
dots and selective sensing of l-cysteine. 
Talanta. 2009;77(5):1654-1659. 
DOI: 10.1016/j.talanta.2008.09.061

[65] Cao Z, Shu Y, Qin H, Su B,  
Peng X. Quantum dots with highly 
efficient, stable, and multicolor 
Electrochemiluminescence. ACS 
Central Science. 2020;6(7):1129-1137. 
DOI: 10.1021/acscentsci.0c00484

[66] Jie GF, Liu P, Zhang SS. Highly 
enhanced electrochemiluminescence 
of novel gold/silica/CdSe-CdS 
nanostructures for ultrasensitive 
immune assay of protein tumor marker. 



Electro Sensors Based on Quantum Dots and Their Applications in Diagnostic Medicine
DOI: http://dx.doi.org/10.5992/intechopen.111920

15

Chemical Communication (Camb). 
2010;46(8):1323-1325. DOI: 10.1039/
b919186k

[67] Wang Y, Lu J, Tang L, Chang H, Li J. 
Graphene oxide amplified electrogene 
rated chemiluminescence of quantum 
dots and its selective sensing for 
glutathione from thiol-containing 
compounds. Analytical Chemistry. 
2009;81(23):9710-9715. DOI: 10.1021/
ac901935a

[68] Ding SN, Xu JJ, Chen HY. Enhanced 
solid-state electrochemiluminescence 
of CdS nanocrystals composited with 
carbon nanotubes in H2O2 solution. 
Chemical Communication (Camb). 
2006;34:3631-3633. DOI: 10.1039/
b606073k

[69] Liang G, Shen L, Zou G, Zhang X. 
Efficient near-infrared Electrochemi 
luminescence from CdTe nanocrystals 
with low triggering potential and 
ultrasensitive sensing ability. Chemistry – 
A European Journal. 2011;17(37):10213-
10215. DOI: 10.1002/chem.201101154

[70] Wang J, Han H, Jiang X, Huang L, 
Chen L, Li N. Quantum dot-based near-
infrared electrochemiluminescent 
immunosensor with gold nanoparticle-
graphene nanosheet hybrids and silica 
nanospheres double-assisted signal 
amplification. Analytical Chemistry. 
2012;84(11):4893-4899. DOI: 10.1021/
ac30 0498v

[71] Sharma P, Pandey V, Sharma MMM, 
Patra A, Singh B, Mehta S, et al. A 
review on biosensors and nanosensors 
application in agroecosystems. Nanoscale 
Research Letters. 2021;16(1):136. DOI: 
10.1186/s11671-021-03593-0

[72] Banakar M, Hamidi M, Khurshid Z, 
Zafar MS, Sapkota J, Azizian R, et al. 
Electrochemical biosensors for pathogen 
detection: An updated review. Biosensors 

(Basel). 2022;12(11):927. DOI: 10.3390/
bios 12110927

[73] Pardo-Yissar V, Katz E, Wasserman J, 
Willner I. Acetylcholine esterase-labeled 
CdS nanoparticles on electrodes: 
Photoelectrochemical sensing of 
the enzyme inhibitors. Journal of 
the American Chemical Society. 
2003;125(3):622-623. DOI: 10.1021/
ja028922k

[74] Riedel M, Göbel G, 
Abdelmonem AM, Parak WJ, Lisdat F. 
Photoelectro chemical sensor based on 
quantum dots and sarcosine oxidase. 
ChemPhysChem. 2013;14(10):2338-2342. 
DOI: 10.1002/cphc.201201036

[75] Katz E, Zayats M, Willner I,  
Lisdat F. Controlling the direction 
of photocurrents by means of CdS 
nanoparticles and cytochrome 
c-mediated biocatalytic cascades. 
Chemical Communications (Camb). 
2006;13:1395-1397. DOI: 10.1039/
b517332a

[76] Wang GL, Yu PP, Xu JJ, Chen HY. 
A label-free photoelectrochemical 
immunosensor based on water-soluble 
CdS quantum dots. Journal of Physical 
Chemistry C. 2009;113(25):11142-11148. 
DOI: 10.1021/jp902069s

[77] Tang D, Hou L, Niessner R, 
Xu M, Gao Z, Knopp D. Multiplexed 
electrochemical immunoassay of 
biomarkers using metal sulfide quantum 
dot nanolabels and trifunctionalized 
magnetic beads. Biosensors & 
Bioelectronics. 2013;46:37-43. DOI: 
10.1016/j.bios.2013.02.027

[78] Pinwattana K, Wang J, Lin CT, Wu H, 
Du D, Lin Y, et al. CdSe/ZnS quantum 
dots based electrochemical immunoassay 
for the detection of phosphory lated 
bovine serum albumin. Biosensors & 



New Advances in Biosensing

16

Bioelectronics. 2010;26(3):1109-1113. 
DOI: 10.1016/j.bios.2010.08.021

[79] Nie G, Wang Y, Tang Y, 
Zhao D, Guo Q. A graphene quantum 
dots based electrochemiluminescence 
immunosensor for carcinoembryonic 
antigen detection using poly(5-
formylindole)/reduced graphene 
oxide nanocom posite. Biosensors 
& Bioelectronics. 2018;101:123-128. 
DOI: 10.1016/j.bios.2017.10.021

[80] Roushani M, Valipour A, Bahrami M. 
The potentiality of graphene quantum 
dots functionalized by nitrogen and 
thiol-doped (GQDs-N-S) to stabilize 
the antibodies in designing of human 
chorionic gonadotropin immunosensor. 
Nanochemistry Research. 2019;4(1):20-
26. DOI: 10. 22036/ncr. 2019.01.003

[81] Liu W, Yang H, Ma C, Ding Y, nan, 
Ge S, Yu J, Yan M. Graphene-palladium 
nanowires based electrochemical sensor 
using ZnFe2O4-graphene quantum 
dots as an effective peroxidase mimic. 
Analytica Chimica Acta. 2014;852:181-
188. DOI: 10.1016/j.aca.2014.08.054

[82] Wang Y, Chen J, Zhou C, Zhou L, 
Kong Y, Long H, et al. A novel self-
cleaning, non-enzymatic glucose sensor 
working under a very low applied 
potential based on a Pt nanoparticle-
decorated TiO2 nanotube array electrode. 
Electrochimica Acta. 2014;115:269-276. 
DOI: 10.1016/j.electacta.2013.09.173

[83] Xiang Q , Huang J, Huang H,  
Mao W, Ye Z. A label-free 
electrochemical platform for the highly 
sensitive detection of hepatitis B virus 
DNA using graphene quantum dots. 
RSC Advances. 2018;8(4):1820-1825. 
DOI: 10.1039/c7ra 11945c

[84] Savas S, Altintas Z. Graphene 
quantum dots as Nanozymes for 
electrochemical sensing of Yersinia 

enterocolitica in Milk and human serum. 
Materials (Basel). 2019;12(13):2189. 
DOI: 10.3390/ma12132189

[85] Zhao X, Zhou S, Jiang LP, 
Hou W, Shen Q , Zhu JJ. Graphene-
CdS nanocomposites: Facile 
one-step synthesis and enhanced 
photoelectrochemical cytosensing. 
Chemistry. 2012;18(16):4974-4981. 
DOI: 10.1002/chem.201102379


