
Iranian Journal of Pharmaceutical Research (2021), 20 (3): 187-203
DOI: 10.22037/ijpr.2021.115279.15291
Received: March 2021
Accepted: June 2021

Review Paper

An Overview on Quantum Dot-based Nanocomposites for 
Electrochemical Sensing on Pharmaceutical Assay

Leyla Karadurmusa, b , Goksu Ozcelikaya, Sena Vurala and Sibel A. Ozkana*

aDepartment of Analytical Chemistry, Faculty of Pharmacy, Ankara University, Ankara, 
Turkey. bDepartment of Analytical Chemistry, Faculty of Pharmacy, Adıyaman University, 
Adıyaman, Turkey.

* Corresponding author: 
    E-mail: ozkan@pharmacy.ankara.edu.trE-mail: ozkan@pharmacy.ankara.edu.tr

Abstract

Quantum dots (QDs) are one of the first nanotechnological materials to be integrated with 
sensor technologies and have been widely anticipated to eventually find application chances in 
several commercial pharmaceutical and clinical products. They are one of the most important 
developments in the rapidly growing world of material science technology. The excellent properties 
of QDs may allow the design of simple, precise, and inexpensive electrochemical methods for 
the detection of pharmaceuticals. Electrochemical techniques offer accuracy, high sensitivity, low 
cost, simplicity, ease of preparation of the samples in a very short time, and speed of analysis. 
The most commonly used voltammetric techniques are differential pulse voltammetry, cyclic 
voltammetry, square wave voltammetry, and stripping voltammetry. The purpose of this review 
is to show and communicate the advantages and uses of QD applications used in drug analysis. 
Besides, the present application methods of QDs to the pharmaceutical analysis and their related 
parameters were summarized between 2012 and 2021 years and summarized as a table. 
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Introduction

Nanotechnology is a very popular topic for 
the scientific world today. In recent years, QDs 
have received great attention in the detection of 
pharmaceuticals in different sample matrices, 
in-vitro bio-imaging, and in-vivo applications. 
QDs are widely applied to detect many 
analytes such as ions, pharmaceuticals, small 
molecules, and biological macromolecules (1, 
2).

In the voltammetric technique, a quantity 
concerning an analyte is obtained by 
measuring the current produced by the change 
of potential. The particular chemical is related 
to the peak current and the concentration of the 
corresponding species is related to the density 

of the peak current. The voltammogram, 
which is a plot of potential versus current, 
shows the behavior of the chemical reaction. 
The main advantages of voltammetry are 
the ability to simultaneously detect multiple 
analytes with different peak potentials and 
the low noise of the measurements leading to 
very high sensitivity. Voltammetric methods 
include cyclic voltammetry, differential pulse 
voltammetry, square wave voltammetry, 
linear sweep voltammetry, and stripping 
voltammetry. Cyclic voltammetry is one of the 
most used methods to measure electrochemical 
reaction rates and redox potential (3–6).

This review presents the applications 
of various electrochemical modes on QDs 
modified electrodes, modification style, 
and their related parameters in the analysis 
of drugs and pharmaceutically active 
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compounds from their dosage forms and 
biological media. Examples of different 
types of applications have been reported and 
as with all other aforementioned techniques. 
Moreover, it should be kept in mind that the 
electrochemical techniques have not only 
advantages but also limitations. Also, in this 
review, detailed information about quantum 
point nanomaterials and new applications 
on pharmaceutical analysis using quantum 
point-based nanosensors, advantages and 
disadvantages of quantum point nanosensors, 
and future perspectives will be given.

Quantum dots

The detection of pharmaceuticals is an 
important aspect of therapy safety. A range of 
detection techniques and novel materials have 
been developed to achieve rapid, sensitive, 
and precise monitoring of certain analytes. 
Nanomaterials with unique electronic, optical, 
mechanical, and thermal properties have 
been accepted as one of the most up-and-
coming materials for opening new gates in 
the development of new analytical methods 
for the analysis of drugs. Nanomaterials 
indicate novel properties that present great 
opportunities for the improvement of new 
analytical methods for the analysis of drugs. In 
recent years, researchers have shown a great 
interest in the production of nanoparticles 
such as quantum dots, nanowires, nanotubes, 
nanorods, or nanofilms. Statistics of the annual 

number of publications on quantum dot-based 
nanocomposites for electrochemical detection 
in the last eight years are given in Figure 1. 
The excellent electrical and optical features of 
nanomaterials, such as quantum dots, carbon 
nanotubes, gold nanoparticles, nanorods, 
graphenes, and nanopores, are closely related 
to their sizes (7–11). Quantum dots (QDs) are 
nanoscale semiconductor materials, such as 
cadmium selenide (CdSe). Today, the most 
frequently generated quantum dots due to their 
optical and electrical properties are CdSe, 
InAs, CdS, GaN, InGeAS, CdTe, PbS, PbSe, 
ZnS. In quantum dots, size is a controllable 
parameter, which, when combined with the 
effect of quantum restriction, creates quantum 
dots with extraordinary optical and electrical 
properties. Quantum dots (QDs), usually 
semiconductor nanocrystals of 2-6 nm, are 
one of several nanomaterials that significantly 
impact research in many areas, such as 
chemistry and biology (12–15). 

Researchers have employed QDs as 
labeling materials for biosensors. An extensive 
review of the improvement of assays and 
nanosensors using QDs as components is 
presented. QDs are of great interest in the 
development of optical probes for cellular, 
tissue, or whole-body imaging and biological 
detection (16). As a unique nanomaterial, 
QD-based sensors offer high sensitivity and 
selectivity in detecting certain analytes in the 
chemical and biochemical sciences. Integrated 
with QDs, electrochemical sensors have 

 
 

Figure 1. Statistics of the number of publications per year related to quantum dot-based 

nanocomposites for electrochemical sensing. 
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Figure 1. Statistics of the number of publications per year related to quantum dot-based nanocomposites for 
electrochemical sensing.
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led to the improvement of highly selective 
and efficient analytical techniques. QDs 
can significantly increase the density of the 
electrochemical signal in the electrochemical 
detection system and supply sharp and well-
resolved voltammetry signals. In sensor 
technology, QD-based sensors are very 
suitable for creating highly selective, rapid, 
and precise tools for the detection of specific 
analytes (6, 17–22)

Electroanalytical Methods in Drug 
Analysis

Stability testing, quality control, and anal-
ysis of the development of a new pharmaceu-
tical product have led to the continuous devel-
opment of analytical methods (23, 24). There 
are many suitable methods for determining the 
content of the drug substance or active ingre-
dients in pharmaceutical formulations and bi-
ological samples (25). Various methods such 
as chromatography, ultraviolet spectrometry, 
nuclear magnetic relaxation spectroscopy, 
capillary electrophoresis, and high-perfor-
mance liquid chromatography have been used. 
However, these methods require expensive 
instruments, complex procedures, and specific 
sample pre-treatments (26). 

Electroanalytical methods can be divided 
into various sub-divisions based on applying 
either potential or current and/or measuring 
potential, current, impedance, etc. In elec-
troanalytical techniques, voltammetry is the 
leading method. Voltammetric techniques are 
also divided into subgroups such as cyclic 
voltammetry (CV), differential pulse voltam-
metry (DPV), and stripping methods. Amper-
ometry is the other electroanalytical technique 
in which mostly used for the current mea-
surements after the application of a constant 
potential. Electrochemical impedance spec-
troscopy (EIS) is one of the most comprehen-
sive methods for the characterization of elec-
trochemical systems with measuring resistive 
and capacitive properties. Electrochemical 
methods have attracted great attention due to 
their advantages in the field of drug analysis. 
These advantages include a wide range of lin-
ear concentrations, inexpensive, fast analysis 
times, simultaneous determination of sever-

al analytes, and the ability to measure small 
currents. It allows measurements to be per-
formed with very small sample volumes in 
the microliter range (2, 27 and 28). For these 
reasons, electrochemistry is an appropriate 
method of analysis for the analysis of drugs. 
Besides, electrochemical methods can be used 
for in-vivo analysis of drugs. Voltammetry is 
the most widely used electroanalytical meth-
od. Voltammetry has a growing field of appli-
cation due to its advantages in drug analysis. 
The voltammetric methods take advantage 
of explaining the oxidation and reduction ef-
fects of drug substances and pharmacological 
action mechanisms (5, 29). Commonly used 
voltammetric techniques are differential pulse, 
cyclic, square wave, and stripping voltamme-
try. Cyclic voltammetry (CV) is used to pro-
vide significant information about the oxida-
tion/reduction mechanism of the drug active 
compounds, and techniques such as different 
pulses, square wave, and stripping voltam-
metry are used to determine the small volume 
of the drug(30). The performance of voltam-
metric methods depends to a large extent on 
the material of the working electrode. The 
voltammetric method uses a wide variety of 
solid electrodes, such as various carbon elec-
trodes, noble metal electrodes, and modified 
electrodes (31). To increase selectivity on the 
electrode surface, it is necessary to change the 
surface quality, briefly change the electrode 
surface. Furthermore, it is possible to create 
a surface with an elongated and stable chem-
ical structure giving reproducible results, and 
as the sensitivity and selectivity increase, the 
working potential range expands.

To summarize the numerous recent 
applications of voltammetric methods for the 
analysis of drugs, we listed the information 
on the electrode, supporting electrolyte, 
voltammetric mode, and detection limit in 
Table 1.

Recent applications on pharmaceutical 
analyses using quantum dots based 

nanosensors

A sensor is a device that can transform 
the physical, biological, or chemical property 
of a system into an analytically measurable, 
processable, and useful signal by a transducer. 
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If the sensor includes a nanoscaled interaction, 
it is described as a nanosensor. Quantum 
dots have attracted much interest from 
researchers because of their unique optical, 
electrical, thermal, and catalytic properties 
and have been used in the construction of 
various electrochemical sensors. This review 
describes a few examples to illustrate the 
administration of electrochemical techniques 
for pharmaceutical and drug analysis. Special 
attention has been shown to voltammetric 
analyzes using quantum dots modified 
electrodes. Several articles are published 
every year related to the voltammetric analysis 
with quantum dots modified electrodes of 
pharmaceuticals. The publications related 
to the modification of quantum dots can be 
shown as follows. 

Tang et al. have constructed an 
electrochemical sensor using a glassy 
carbon electrode (GCE) modified with 
graphene quantum dots (GQDs) for the 
determination of hydroquinone and catechol 
in 2018 (32). This sensor was designed by the 
electrodeposition method and characterized 
by electrochemical impedance spectra. The 
proposed GQD’s sensor revealed a very good 
sensitivity, reproducibility, and reliability in 
the electrochemical measurement, obtaining 
the detection limit down to 0.08 μM in the 
range from 0.5 μM to 100 μM. Simultaneous 
detection of HQ and CC with GQD/GC 
electrode was performed in river water 
samples with good recovery. In this study, 
the advantages of the proposed sensor, such 
as excellent electrocatalytic and conductivity 
properties and high precision, reliability, 
and reproducibility in electrochemical 
measurement, were utilized for HQ and CC.

A novel, highly sensitive, and selective 
CdS quantum dots (QDs) modified carbon 
paste electrode (CPE) was developed by 
Pasandideh-Nadamani and co-workers in 2016 
(33). They synthesized quite stable CdS QDs, 
which are characterized by X-ray diffraction 
(XRD) and transmission electron microscopy 
(TEM) techniques. CdS QDs were obtained 
in an in-situ technique using a thiosulfate 
precursor. The electrochemical determination 
of p-aminophenol (PAP) and acetaminophen 
(Ac) was investigated without any separation 
steps in the mixture. 

Algarra and co-workers have constructed 
carbon quantum dots (CQDs) modified glassy 
carbon electrode (GCE) electrochemical 
determination of dopamine and acid uric (34). 
CQDs were obtained from graphite by the 
Hummers method and were characterized with 
various methods such as TEM microscope, 
XPS, Raman, solid-state NMR, and FTIR-
ATR spectroscopies. The electrochemical 
determination of both compounds showed a 
significant enhancement in the peak current 
in the CQDs-GCE as compared to the bare 
glassy carbon electrode. By Linear Sweep 
Voltammetry (LSV), the proposed sensor 
exhibited high sensitivity. The lower limits of 
detection were found to be 1.3 μM and 2.7 μM 
for uric acid and dopamine, respectively.

By Wong and co-workers, an 
electrochemical method employing a cadmium 
telluride quantum dots (CdTe) in Printex 6L 
Carbon (P6LC) and within a poly(3,4-ethylene 
dioxythiophene) polystyrene sulfonate 
(PEDOT:PSS) film modified glassy carbon 
electrode (QDs-P6LC-PEDOT:PSS/GCE) 
was developed for the detection of amoxicillin 
(35). The morphological structures of the 
nanostructured material were characterized 
using transmission electron microscopy, X-ray 
diffraction, and confocal microscopy. Square-
wave voltammetry (SWV) was employed to 
investigate the electrochemical behavior of 
amoxicillin. Under the optimum conditions, 
the obtained sensor exhibited good sensitivity, 
high selectivity, and stability. No significant 
interference was noticed from drugs and 
potential biological interferences such as 
paracetamol, ascorbic acid, uric acid, and 
caffeine. The proposed sensor could be used 
for simultaneous determination of amoxicillin 
in tablets, urine, and milk samples.

An electrochemical sensor has been 
developed for the simultaneous detection of 
methyldopa (MET) in tablet, urine, and human 
serum samples using a molding of an aliquot 
of thioglycolic acid capped CdSe@Ag2Se 
on a glassy carbon electrode by Asadpour-
Zeynali and Mollarasouli (36). CdSe@
Ag2Se was characterized by X-ray diffraction 
(XRD), scanning electron microscopy (SEM), 
FT-IR spectroscopy, photoluminescence 
spectroscopy, cyclic voltammetry, and 
UV–vis techniques. Differential pulse 
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voltammetry (DPV) was used to examine 
the electrochemical determination of MET. 
Under the optimum conditions (pH 2.0), the 
linear methyldopa range and limit of detection 
are 0.09 to 60 µmol L−1and 0.04 µmol L−1, 
respectively. 

Advantages and disadvantages of 
Quantum dots nanosensors

Nanomaterials are ideal materials for 
creating sensors. In quantum dots, size is a 
controllable parameter, and when this property 
is combined with the “quantum limitation” 
effect, quantum dots have extraordinary 
optical and electrical properties. Because the 
size of quantum dots changes with the effect 
of quantum restriction, the color of their 
luminescence also changes. Quantum dots 
can be used as fluorescent probes for medical 
diagnosis and imaging. However, heavy 
metals such as CdSe, CdTe, and CdS tend to 
degrade under physiological conditions, and 
ion release is toxic (12, 37). The disadvantages 
and advantages of quantum dots in an 
electrochemical sensor are given in Figure 2.

Conclusion

The field of electrochemistry and 
nanomaterials are areas in which researchers 
are increasingly interested in pharmaceutical 

and pharmaceutical analysis. In voltammetry, 
more sensitive and selective analyzes can 
be performed with the use of nanomaterials. 
Quantum dots are mostly used for enhancing 
electrochemical sensor performances. Carbon-
based quantum dots and semiconductor 
quantum dots get much attention thanks 
to unique quantum properties and signal 
amplifying characteristics. Moreover, carbon 
quantum dots are known as zero-dimensional 
nanocarbon material and show unique 
electron-transfer abilities and an increment of 
large surface area and rich surface functional 
groups.

It is hoped that more attention will be paid 
to the development of modern electroanalysis 
with emphasis on simplicity and modification 
of electrodes for the quality of drug analysis. 
This review aims to discuss some examples 
of the use of electroanalytical applications 
in the analysis of drugs with quantum dots 
modified electrodes and to give detailed 
information about these applications. The 
pharmaceutically active compounds in the 
selected publications are reported in detail 
on the table in alphabetical order. The table 
presents the available information about the 
electrode type and modification agent, method, 
media, application sample, linear range, and 
detection limit. In this review, analytical 
applications of selected publications’ drugs 
using electrochemical methods are discussed. 

 
Figure 2. Disadvantages and advantages of quantum dots in an electrochemical sensor.  

Advantages
*Immobilization of bioreceptors

*Electrocatalysis of many analysis
*Easy functionalization

*Attractive electrochemical properties

Disadvantages
*Low stability

*Easy aggregation
*Hard to control size of the particles

Figure 2. Disadvantages and advantages of quantum dots in an electrochemical sensor. 
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This review provides an overview of the 
analysis of aliquots with selected quantum 
modified electrodes using the voltammetry 
method.

Future Prospects

The quantum dots-based electrochemical 
nanosensors are becoming quite a well-
known sensor in recent years due to their 
outstanding features. The future perspective of 
electrochemical sensors in pharmaceutical and 
biomedical analysis. Over the last few years, 
electrochemical nanosensors incorporation of 
quantum dots such as carbon quantum dots, 
graphene quantum dots, and semiconductor 
quantum dots are widely utilized to fabricate 
sensing platforms exhibiting better redox 
properties. Aptamer and MIP-based biosensor 
is widely fabricated by modified the electrode 
surface with Quantum dots. Furthermore, 
fluorescent or colorimetric-based processes 
are being facilitated by the incorporation of 
quantum dots-based sensing for the rapid 
detection of pharmaceutical and biomedical 
analysis. Moreover, the fabrication of a 
miniaturized sensing platform has overcome 
the gap between detection in a diagnostic 
laboratory and point-of-care detection. The 
future objectives of quantum dots-based 
electrochemical nanosensors development 
should be designing on-spot measurements 
and commercialized them at minimum cost.
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