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Abstract: Depression has become the leading cause of disability worldwide and is a global health
burden. Quantitative assessment of depression-related neurotransmitter concentrations in human
fluids is highly desirable for diagnosis, monitoring disease, and therapeutic interventions of depression. In this review, we focused on the latest strategies of CD-based electrochemical biosensors
for detecting a depression-related neurotransmitter. We began this review with an overview of the
microstructure, optical properties and cytotoxicity of CDs. Next, we introduced the development
of synthetic methods of CDs, including the “Top-down” route and “Bottom-up” route. Finally, we
highlighted detecting an application of CD-based electrochemical sensors in a depression-related
neurotransmitter. Moreover, challenges and future perspectives on the recent progress of CD-based
electrochemical sensors in depression-related neurotransmitter detection were discussed.
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1. Introduction
Neurotransmitters (NTs), as the endogenous chemical substances, are produced in
different glands and transmit specific signals via chemical synapses between neurons and
other cells, which help to communicate information between the brain and body [1,2].
Since the first neurotransmitter was discovered in 1921, lots of chemical messengers were
found in synaptic transmission. Neurotransmitters play an important role in the mediation
of behavior and cognition, such as the adjustment of muscle tone and heart rate, regulation learning, sleeping, memory, consciousness and so on. Alterations in concentration
of neurotransmitters in the central nervous system are usually associated with various
physical and mental changes, which would lead to many diseases, such as Huntington’s,
Alzheimer’s, Parkinson’s, anxiety and depression [3,4].
Depression is a psychiatric disorder that is usually accompanied by low mood and
interferes with people’s lives which can change a person’s thoughts, interests, behaviors
and feelings. It is frightening that untreated depression may lead to a sustained state or
suicide attempts. During diagnosis and treatment, depression-related neurotransmitters,
such as the hypoactivity of monamines, especially serotonin (5-HT), noradrenaline (NA)
and dopamine (DA), are found in midbrain [5]. Other neurotransmitters, for example,
gamma aminobutyric acid (GABA) and glutamate, also participate in the pathogenesis
of major depression [6–8]. Usually, the concentration of neurotransmitters is very low;
for example, normal levels of DA and 5-HT in serum are less than 8.9 × 10−13 mol m−3
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2. Microstructure, Properties, Synthetic Methods and Biocompatibility
2.1. Microstructure and Properties of CDs
Usually, CDs were thought of as quasi-spherical nanoparticles with a distinct structure
and composed of amorphous and sp2 carbon crystalline morphology [34,35]. Furthermore,
some researchers thought that the diamond-like structure existed in CDs due to sp3 carbons [36]. CDs owned both core structures and complex surface groups which influenced
the optical properties of CDs and water solubility [37,38]. Dopant of heteroatoms, for
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Figure 1. (A) Illustration of CDs capped with molecular-like (a) free, (b) loosely bound, and (c) tightly bound surface
emission centers. (B) Energy levels of molecular orbitals of perylene-based subunits in the ground state (blue) and excited
state (red). Numbers within the arrows are the energy gaps (in eV) between the HOMO and LUMO. (C) Absorption and PL
spectra of three types of perylene−based subunits (reproduced with permission from ref. [43]) (D) (a) Filters photograph of
PEG1500N− CDs was excited by 400 nm (b) PEG1500N− CDs was excited by different wavelengths directly (E) Absorption
and PL spectra of PPEI−EI−CDs. Inset: emission intensities normalized to quantum yields. (Reproduced with permission
from ref. [24]).
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Optical properties of CDs were widely studied since they were accidentally discovered,
because the PL of various CDs was cover from UV to visible light and even near the
infrared region [44–48]. However, the mechanisms of tunable PL properties were not clear
because inconsistent experimental observations and inaccuracy definition synthesis of
different approaches made the research of luminescence more complicated. For example,
the quantum confinement effect and the popular property of the semiconductor quantum
dot were not always observed in CDs [49,50]. To date, intrinsic (band-gap related) and
extrinsic (surface related) recombination routes were proposed to explain the luminescence
mechanism of CDs [44,51,52].
The properties of CDs are largely influenced by surface groups including carboxyl
and hydroxyl groups. For instance, reduction or oxidation of these groups may lead
the optical properties of CDs, such as wavelength and PL intensity, to change. Rogach
et al. [43] reported the synthesis of surface oxidation-related luminescence characteristics
of CDs via an electrochemical route. A high surface oxidation degree of CDs generated a
red-shifted emission resulting from the introduction of surface groups, which provided
different emission sites on the surface of CDs. Moreover, deprotonation and protonation
coming from pH adjusting, also demonstrated that surface groups were important for the
photoluminescence of CDs. For example, among the research of pH-dependent behavior,
the luminescence intensity decreases whenever it was at a high or low pH [53,54]. Moreover, Wen et al. [55] investigated the origin of fluorescence and carrier dynamics in CDs
by an ultrafast time-resolved fluorescence technique in order to explore the fluorescence
mechanism. The intrinsic and extrinsic bands, which originated from sp2 domains, associated with surface states to make up the fluorescence of CDs. They also demonstrated that
the excitation wavelength-dependent fluorescence came from the carboxyl groups on the
CDs’ surface.
In addition, for the unique band structure, controllable shape and quantum confinement effect CDs have been integrated into the construction of both the electrode and the
device. Especially, for π bonds, functional moieties or dopants, CDs would be easy to react
with analytes via π–π or functional group/dopants, which could facilitate charge transfer
so as to increase electrochemical performance. As we know, CD-based electrochemical
biosensors showed excellent properties in sensitivity due to the increased electron transfer
rate. The sensitivity can be further enhanced through surface functionalization of CDs
with synergistic electrochemical performances. CDs can act as substrates for polymers,
enzymes and nanosheets to improve the electrochemical performance through conductivity
or anchoring sites. The target can be deposited or directly grown on the surface of CDs
through covalent or noncovalent interactions, which are based on the functional groups
of the CDs’ surface [56,57]. Therefore, CDs have exhibited the excellent properties which
would be suitable for electrochemical biosensors for use for detection of biomedicine, foods,
and the environment.
2.2. Synthetic Methods of CDs
Usually, the synthetic method of CQD is categorized into “top-down” and “bottom-up”
routes. Chemical, electrochemical, and physical methods are adopted in the “top-down”
route to cleave or break down carbonaceous materials, and in the “bottom-up” route,
small organic molecules [58] (or small aromatic molecules) are raw materials through the
methods, such as pyrolysis, carbonization and chemical fusion, to obtain CDs [59] as shown
in Table 1.
2.2.1. “Top-Down” Route
In the “top-down” route, carbon precursors including coffee, tea, grass, graphite,
carbon nanotubes and activated carbon are used to produce CDs by methods such as laser
ablation, electrochemical oxidation, arc discharge, ultrasonic treatment and so on.
Xu et al. reported fluorescent CDs at first in 2004, when they proposed a preparative
route to purify single-walled carbon nanotubes (SWNTs) by the eletrophoretic method.
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In this method, arc-discharge soot as acarbon source was oxidized by nitric acid and was
extracted through agarose gel electrophoresis [60]. Zhou’s firstly prepared blue luminescent CDs by the electrochemical method result from multiwalled carbon nanotubes
(MWCNTs). The electrochemical cell was composed of a carbon paper and a degassed
acetonitrile solution with 0.1 M tetrabutylammonium perchlorate (TBAP) as the supporting
electrolyte [61].
Table 1. Typical synthetic methods and properties of CDs.
Route

Top-down
route

Bottom-up
route

Synthetic Method

Precursor

Diameter

QY (%)

Reference

Microwave synthesis
Solvothermal

3.8 nm
5–7 nm

18.5
22

[62]
[63]

2.69 ± 0.50 nm

13

[64]

Electrochemical methods
Magnetic hyperthermia method
Laser ablation
Chemical oxidation

Reduced glutathione
1,2,4,5-Benzenetetracarboxylic acid
Dry carnation petals and
polyethylenimine
MWCNTs
Ammonium citrate
PEG1500N, PPEI-EI
Activated carbon

2.8 ± 0.5 nm
2.4 nm
5 nm
3–4 nm

6.4
18.6
4–10
>10

[61]
[65]
[24]
[66]

One-pot, room temperature
Template method
Hydrothermal
Reverse micelles
Microwave-assisted pyrolysis
One-step ultrasonic reaction
Acid oxidation
Electrical discharge
Carbonization

Cetylpyridinium chloride
Glycerol
Sulfadiazine
Glucose
Date palm fruit
Glucose
Lignin
Octane
Waste frying oil

3.3 nm
5.5 ± 1.1 nm
3.5 nm
0.25–0.34 nm
0.02–0.63 µm
5 nm
2.4 nm
2–5 nm
1.0–4.0 nm

21
32.0
83.2
35.0
–
7.0
13.0
–
23.2

[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]

Hydrothermal method

Ultrasonic treatment is developed to synthesize CDs. As we know, ultrasonic treatment could produce the powerful hydro-dynamic shear force through high or low pressure
wave which would generate and distribute little vacuum bubbles in the liquid, cutting
macroscopic carbon materials into nanoscale CDs [76,77]. Zhang et al. addressed the
synthesis of the new nitrogen carbon dots (N-CDs) using a simple ultrasonic-assisted
method and deposited them on the surface of BiOBr to build a photocatalyst consisting of
BiOBr/N-CDs nanocomposites. N. Arsalani et al. [78] prepared the polyethylene glycol
passivated fluorescent carbon dots (CDs-PEG) through a green and simple process under
microwave assistance [79].
Chemical oxidation is also a popular method of CD synthesis. Carbon atoms in organic
small molecules are easily inserted by acids due to their strong oxidization capability and
converts them into carbonaceous materials. This process would cut organic small molecules
into little sheets by controlled oxidation [80,81]. The chemical oxidation method is sensitive
to reaction conditions and processes; meanwhile, it can provide CDs with excellent water
solubility, fluorescence features and the possibility of large scale production. Qiao et al. [82]
employed commercially activated carbon to develop a simple and effective route to prepare
photoluminescent CDs facilely. The activated carbon was etched into individual CDs
by treatment and passivation with nitric acid and amine-terminated compounds, such
as 4,7,10-trioxa-1,13-tridecanediamine (TTDDA) or diamine-terminated oligomeric poly
(ethylene glycol) H2 NCH2 (CH2 CH2 O)n CH2 CH2 CH2 NH2 (nav = 35, PEG1500N ). The
obtained CDs were high water-soluble, good biocompatibility and high quantum yield
with a diameter of about 4.5 nm.
2.2.2. “Bottom-Up” Route
On the other hand, the “bottom-up” route to synthesize CDs based on molecular
precursors such as materials based on various raw materials, including protein, glucose,
citric acid and chitosan, through the hydro-thermal/solvo-thermal method, the template
method, the microwave assisted technique and so on [83–85].
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Hydro-thermal/solvo-thermal methods have been considered to be simple, inexpensive, environmental-friendly methods to synthesize CDs. Usually, the Hydro-thermal/solvothermal system reacted by an organic precursor in a hydrothermal reactor under higher
temperatures [86]. Vaibhav Naik et al. [87] reported novel nitrogen-doped CDs via the
hydrothermal route. Carbon powder as a carbon source derived from acidic carbonization
of sucrose combined with ammonia solution was heated in a Teflon-lined stainless-steel
hydrothermal autoclave. The CDs distributed uniformly a with 10.72% QYs. Han et al. [88]
demonstrated a machine-learning based technique to synthesize CDs in a hydrothermalsynthetic model which provided an insight into the successful prediction, optimization
and acceleration of CDs’ synthesis process. CDs showed a high QY up to 39.3% and strong
green emission.
The Template method is another popular synthesis of CDs. In this procedure, to
calcine and etch the mesoporous template or silicon spheres in order to remove the support
is the vital step for producing CDs. Lai et al. [68] produced CDs using mesoporous silica
to use as a reactor to control the size distribution. PEG-NH2 and glycerol were mixed
with mesoporous silica and then heated to 230 ◦ C keeping for thirty minutes to achieve
nanocomposites of CDs. Subrata Pandit et al. [89] used positional isomers of diamino
benzene with citric acid under microwave to prepare CDs. Furthermore, the optical
properties depended on the isomer using the soft temptations in synthesis.
2.3. Characterization of CDs
Due to different synthesis methods, the chemical structure and surface functional
groups of each CDs will be diverse. Many methods can be exploited to characterize CQDs
including transmission electron microscopy (TEM), scanning electron microscopy (SEM), Xray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), photoluminescence,
the nuclear magnetic resonance (NMR), UV spectroscopy and Raman spectroscopy.
Morphology and microstructure of CDs are investigated by TEM and SEM. TEM is
usually utilized for identifying the morphology and microstructure of CDs and used to
understand their shapes, sizes, dispersion because TEM possesses a high-resolution as
much as 0.1–0.2 nm. XRD is also used to study particle size, phase purity and the crystal
structure of CDs. When a broad peak appeared at 23◦ , it means a highly amorphous
carbon. If two broad peaks at 25◦ and 44◦ , they are a low-graphitic carbon structure [90].
Raman spectroscopy is used to measure the lattice structure, electronic, optical and phonon
properties of CDs, found near what represents the D and G bands. The peaks’ intensity ratio
at 1360 and 1560 cm−1 under visible excitation indicated the atomic ratio between sp3 and
sp2 carbon hybridization. [91] In CDs, elemental composition and bonding structure are
studied by XPS and qualitative tests by FTIR and NMR. Optical properties and the electronic
transition of CDs are usually determined by the measurement of fluorescence emission
spectra at different excitation wavelengths and the UV−vis absorption spectrum [77]. Jing
et al. used TEM, XRD, XPS and so on to investigate the microstructure and properties of
CDs, which were synthesized using biomass via a hydrothermal route, as in Figure 2 [92].
2.4. Cytotoxicity of CDs
Assessing the cellular uptake and cytotoxicity of CDs is the first step in bio-application.
It is necessary to be evaluated to gauge their biocompatibility of CDs which prepared
from different carbon precursors to ensure biocompatibility. To date, amounts of research
demonstrated that CDs are highly biocompatible. Hu et al. [93] established the investigation
of cytotoxicity of biomass nitrogen-co-doped carbon dots (B-NCdots) prepared from the
pyrolysis of natural soybean as the starting material. An MTT test was employed in human
bladder carcinoma cell line (T24 cells), which indicated that the B-NCdot was low in toxicity.
Sun et al. [94] developed the synthesis of CDs with the surface passivated by oligomeric
PEG molecules. The toxicity of CDs in vitro was tested through the proliferation, mortality
and viability of human breast cancer MCF-7 and human colorectal adenocarcinoma HT-29
cells which showed few significant toxic effects in various nanoscale configurations. In
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the biosensor for determining dopamine was obtained with lower limits of detection
(1.3 µM) and a wider linear range (0.19–11.81 µM). Compared with bare GC electrodes, the
CDs-GCE showed almost 10 times better sensitivity. Notwithstanding, a higher fouling
on the surface of the electrode was inevitable. Devi et al. [106] developed a route to
detect dopamine by CDs’ modified electrode. CDs were synthesized by an electrochemical
method which exhibited a green fluorescence. Moreover, the CDs modified screen-printed
carbon electrode (SPCE) was used to construct electrochemical biosensor which showed
a lower limit of detection (0.099 µM) as shown in Figure 3. Muhammad Asad et al. [105]
proposed a CDs-CuO nanorod modified lead pencil electrode in which CDs came from
Materials 2021, 14, x FOR PEER REVIEW
orange peel, and detected DA with a high sensitivity. CuO nanorods provided more 9 of 17
catalytic active sites, large surface area and short diffusion pathways, which owned highly
sensitive (7 × 10−4 µM) and wide linear range (5–2250 µM), and was proposed to the
detection of DA in deboned chicken.
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trode/CQD film modified electrode. (Reproduced with permission from ref. [106]).
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to adjust the
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in carbohydrate
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heart rate,
trochemical
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based
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nitride/N-doped
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blood pressure, cardiac output and carbohydrate metabolism. Yola et al. [100] reported
(g-Celectrochemical
detection.
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3 N4 /NCDs) for epinephrine
an
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carbon
nitride/N-doped
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of
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100.0
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4/NCDs with
−
12
−
9
range (1.0 × 10 –1.0 × 10 M) as shown in Figure 4. Mohammad Mazloum-Ardakani
−13
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route was
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a lower
LOD
(3.0 × 10 based
M) and
et al. [101] developed
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detecting
epinephrine
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−12–1.0 × 10−9 M) as shown in Figure 4. Mohammad
linear
range
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detecting
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detection
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inephrine
based
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carbon
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Differential pulse voltammetry (DPV) showed two linear dynamic ranges of 5.0 to 20.0
μM and 20.0 to 600.0 μM for EP with a lower detection limit (with 1.0 μM).
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Serotonin (or 5-hydroxytryptamine, 5-HT) presented in the human brain and central
nervous system which could act as a peripheral biochemical marker for depression [111].
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oxidation
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and
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electrodes.
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[111].
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including
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and
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electrodes. These
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withofa electrode
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(0.4The
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(0.8 mM) in by
linercyclic
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er-by-layer
approach.
response
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of
0.4–350
mM,
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and
0.8–100
mM,
respectively.
Prasad
et
al.
[112]
introduced
a
try, differential pulse voltammetry and chronoamperometry. The electrochemical
simple procedure to synthesize CDs from castor oil soot using to modify the electrode.
sensor showed good electrocatalytic properties, high selectivity and high sensitivity
Through the voltammetry studies, they achieved a highly sensitive detection of serotonin.
a lower
detection
limits for dopamine
epinephrine
(1.0 mM)
and
serotonin
The improved
electro-oxidation
potentials(0.4
was mM),
due directly
to the presence
of edge
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mM)
in
liner
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of
0.4–350
mM,
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and
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respectively.
sites resulted from acid treatment of the soot. S. Sharath Shankar et al. [107] synthesizedPrasad
CDs
from styreneaand
constructed
biosensor
detect adrenaline
(or epinephrine)
[112]
introduced
simple
procedure
to to
synthesize
CDs from
castor oiland
soot usin
serotonin,
with
low
detection
limit
of
0.004
µM
as
shown
in
Figure
5.
modify the electrode. Through the voltammetry studies, they achieved a highly sens

detection of serotonin. The improved electro-oxidation potentials was due directly to
presence of edge plane sites resulted from acid treatment of the soot. S. Sharath Sha
et al. [107] synthesized CDs from styrene and constructed biosensor to detect adren
(or epinephrine) and serotonin, with low detection limit of 0.004 μM as shown in Fi
5.
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playedanan
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inmitter
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and therapeutic
interventions
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detect neurotransmitters
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that
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and
easy
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shown
in
Figure
6
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Herein,
and sensitive and easy to miniaturize as shown in Figure 6 [113]. Herein, in this review,in
this
review,onwe
on the latest
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of CDs based electrochemical
we
focused
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latest strategies
of CDs
based electrochemical
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detecting
for detecting depression-related
neurotransmitters.
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development of
depression-related
neurotransmitters.
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depression-relatedCDs
neurotransmitters,
CDs and
electrochemical
sensors.
Meanwhile,
the
neurotransmitters,
and electrochemical
sensors.
Meanwhile,
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of CDs
including
microstructure,
optical
properties and
synthetic
routes
were
introduced.
character their
of CDs
including their
microstructure,
optical
properties
and
synthetic
routes
Among
them, in synthetic
CDs, we summarized
the development
of thethe
“Topwere introduced.
Amongmethods
them, inofsynthetic
methods of CDs,
we summarized
dedown”
route
and
“Bottom-up”
route.
Finally,
we
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the
detecting
application
of
velopment of the “Top-down” route and “Bottom-up” route. Finally, we highlighted the
CD-based
sensors in electrochemical
a depression-related
neurotransmitter
including DA,
detecting electrochemical
application of CD-based
sensors
in a depression-related
neuEP,
5-HT and soincluding
on.
rotransmitter
DA, EP, 5-HT and so on.
Although
Althoughthere
thereare
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largenumber
numberofofstudies
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onCD-based
CD-basedelectrochemical
electrochemicalsensors
sensors
inindepression-related
depression-relatedneurotransmitters,
neurotransmitters, the
the research
researchand
andapplication
applicationof
ofCDs
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stillatat
the
initial
stage.
On
the
synthesis
of
CDs,
the
urgent
need
was
for
high-quality.
Two
the initial stage. On the synthesis of CDs, the urgent need was for high-quality. Two
apapproaches
would
benefit
CDs
to
reach
large
scale
utilization
and
commercialization.
proaches would benefit CDs to reach large scale utilization and commercialization.One
One
isisa achemical
way
which
would
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the electronic
and thermal
properties
and
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doping
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which
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the electronic
and thermal
properties
electrocatalytic
characteristics
of CDs;ofthe
other
to combine
other types
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and electrocatalytic
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CDs;
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other
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properties
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properties
and features.
However,
However,ititisisaagreat
greatsurprise
surprisethat
thatCDs
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beused
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thesubstantial
substantialcost
costofof
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by
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noble
metal
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materials.
For
the
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biosensors by replacing noble metal substrates in electrode materials. For the excellent
properties
there is
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a low
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CDs, there
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of
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source
source
selection
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to enhance
electrochemical
characteristics.
selection
and condition
optimization
to enhance
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Furthermore, CDs can be synthesized with other functional groups, so that on the high sen-
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Wierońska, J.M.; Pilc, A. Depression and schizophrenia viewed from the perspective of amino acidergic neurotransmission:
Antipodes of psychiatric disorders. Pharmacol. Ther. 2019, 193, 75–82. [CrossRef] [PubMed]
Weatherby, D. Blood Chemistry and CBC Analysis: Clinical Laboratory Testing from a Functional Perspective; Bear Mountain Publishing:
Ashland, OR, USA, 2004.
Nicholson, B.D.; Jones, N.R.; Protheroe, A.; Joseph, J.; Roberts, N.W.; Van den Bruel, A.; Fanshawe, T.R. The diagnostic
performance of current tumour markers in surveillance for recurrent testicular cancer: A diagnostic test accuracy systematic
review. Cancer Epidemiol. 2019, 59, 15–21. [CrossRef] [PubMed]
Wu, D.; Xie, H.; Lu, H.; Li, W.; Zhang, Q. Sensitive determination of norepinephrine, epinephrine, dopamine and 5hydroxytryptamine by coupling HPLC with [Ag(HIO6)2]5−–luminol chemiluminescence detection. Biomed. Chromatogr. 2016, 30,
1458–1466. [CrossRef]
Chavoshi, N.; Hemmateenejad, B. Fluorescent Carbon Dots Prepared from Hazelnut Kohl as an Affordable Probe for Determination of Dopamine. J. Fluoresc. 2021, 31, 455–463. [CrossRef]
Perry, M.; Li, Q.; Kennedy, R.T. Review of recent advances in analytical techniques for the determination of neurotransmitters.
Anal. Chim. Acta 2009, 653, 1–22. [CrossRef]
Zhang, X.; Rauch, A.; Lee, H.; Xiao, H.; Rainer, G.; Logothetis, N.K. Capillary hydrophilic interaction chromatography/mass
spectrometry for simultaneous determination of multiple neurotransmitters in primate cerebral cortex. Rapid Commun. Mass
Spectrom. 2007, 21, 3621–3628. [CrossRef]
Wojnicz, A.; Avendaño Ortiz, J.; Casas, A.I.; Freitas, A.E.; López, M.G.; Ruiz-Nuño, A. Simultaneous determination of 8
neurotransmitters and their metabolite levels in rat brain using liquid chromatography in tandem with mass spectrometry:
Application to the murine Nrf2 model of depression. Clin. Chim. Acta 2016, 453, 174–181. [CrossRef]
Meng, X.; Bai, H.; Ma, Q.; Zhang, P.; Ma, H.; Deng, Y. Broad targeted analysis of neurochemicals in rat serum using liquid
chromatography tandem mass spectrometry with chemical derivatization. J. Sep. Sci. 2020, 43, 4006–4017. [CrossRef]
Boersma, A.J.; Brain, K.L.; Bayley, H. Real-Time Stochastic Detection of Multiple Neurotransmitters with a Protein Nanopore.
ACS Nano 2012, 6, 5304–5308. [CrossRef] [PubMed]
Zhang, X.; Dou, L.; Zhang, M.; Wang, Y.; Jiang, X.; Li, X.; Wei, L.; Chen, Y.; Zhou, C.; Geng, J. Real-time sensing of neurotransmitters
by functionalized nanopores embedded in a single live cell. Mol. Biomed. 2021, 2, 6. [CrossRef]
Dumitrescu, E. Electrochemical Analysis of Neurotransmitters in Zebrafish Embryos: In Vivo Sensing and Nanotoxicity Screening.
Ph.D. Thesis, Clarkson University, Potsdam, NY, USA, 2019.
Berghe, P. Electrochemical detection of neurotransmitters in the gut wall. Neurogastroenterol. Motil. Off. J. Eur. Gastrointest. Motil.
Soc. 2008, 20, 1185–1188. [CrossRef]
Baranwal, A.; Chandra, P. Clinical implications and electrochemical biosensing of monoamine neurotransmitters in body fluids,
in vitro, in vivo, and ex vivo models. Biosens. Bioelectron. 2018, 121, 137–152. [CrossRef] [PubMed]
Gao, Z.; Ding, Q.; Diao, Q.; Guan, Z.; Liu, B. Facile and green synthesis of amino-functionalized carbon nanodots for biomedical
applications. Funct. Mater. Lett. 2019, 12, 1950062. [CrossRef]
Welch, C.M.; Compton, R.G. The use of nanoparticles in electroanalysis: A review. Anal. Bioanal. Chem. 2006, 384, 601–619.
[CrossRef]
Sun, Y.-P.; Zhou, B.; Lin, Y.; Wang, W.; Fernando, K.A.S.; Pathak, P.; Meziani, M.J.; Harruff, B.A.; Wang, X.; Wang, H.; et al.
Quantum-Sized Carbon Dots for Bright and Colorful Photoluminescence. J. Am. Chem. Soc. 2006, 128, 7756–7757. [CrossRef]
[PubMed]
Saraf, M.; Tavakkoli Yaraki, M.; Prateek; Tan, Y.N.; Gupta, R.K. Insights and Perspectives Regarding Nanostructured Fluorescent
Materials toward Tackling COVID-19 and Future Pandemics. ACS Appl. Nano Mater. 2021, 4, 911–948. [CrossRef]
Xia, C.; Zhu, S.; Zhang, S.-T.; Zeng, Q.; Tao, S.; Tian, X.; Li, Y.; Yang, B. Carbonized Polymer Dots with Tunable Room-Temperature
Phosphorescence Lifetime and Wavelength. ACS Appl. Mater. Interfaces 2020, 12, 38593–38601. [CrossRef] [PubMed]
Ludmerczki, R.; Malfatti, L.; Stagi, L.; Meloni, M.; Carbonaro, C.M.; Casula, M.F.; Bogdán, D.; Mura, S.; Mándity, I.M.; Innocenzi,
P. Polymerization-Driven Photoluminescence in Alkanolamine-Based C-Dots. Chem. A Eur. J. 2021, 27, 2543–2550. [CrossRef]
Iliyas, Z.; Ma, J.; Li, L.; Liang, C.; Li, H.; Hua, Y.; Wang, C. A novel carbon quantum dots (CQDs) modified Cs4PW11O39Fe(III)(H2O)
material to achieve high photocatalytic property. Funct. Mater. Lett. 2020, 13, 2051022. [CrossRef]
Huai, X.; Duan, W.; Li, J.; Zhang, Q.; Dong, Q.; Cao, Y.; Wang, T.; Zhang, Z.; Hang, Z. Facile one-step synthesis and fluorescence
performance study of nitrogen-doped carbon quantum dots. Funct. Mater. Lett. 2021, 14, 2150009. [CrossRef]
Ganguly, S.; Das, P.; Banerjee, S.; Das, N.C. Advancement in science and technology of carbon dot-polymer hybrid composites: A
review. Funct. Compos. Struct. 2019, 1, 022001. [CrossRef]
Yi, Z.; Li, X.; Zhang, H.; Ji, X.; Sun, W.; Yu, Y.; Liu, Y.; Huang, J.; Sarshar, Z.; Sain, M. High quantum yield photoluminescent
N-doped carbon dots for switch sensing and imaging. Talanta 2021, 222, 121663. [CrossRef]

Materials 2021, 14, 3987

32.
33.
34.
35.
36.
37.
38.

39.
40.
41.
42.
43.

44.
45.
46.

47.
48.

49.
50.
51.

52.

53.
54.
55.
56.
57.
58.

13 of 16

Bressi, V.; Ferlazzo, A.; Iannazzo, D.; Espro, C. Graphene Quantum Dots by Eco-Friendly Green Synthesis for Electrochemical
Sensing: Recent Advances and Future Perspectives. Nanomaterials 2021, 11, 1120. [CrossRef]
Das, P.; Maruthapandi, M.; Saravanan, A.; Natan, M.; Jacobi, G.; Banin, E.; Gedanken, A. Carbon Dots for Heavy-Metal Sensing,
pH-Sensitive Cargo Delivery, and Antibacterial Applications. ACS Appl. Nano Mater. 2020, 3, 11777–11790. [CrossRef]
Li, H.; He, X.; Kang, Z.; Huang, H.; Liu, Y.; Liu, J.; Lian, S.; Tsang, C.H.A.; Yang, X.; Lee, S.-T. Water-Soluble Fluorescent Carbon
Quantum Dots and Photocatalyst Design. Angew. Chem. Int. Ed. 2010, 49, 4430–4434. [CrossRef]
Qu, S.; Wang, X.; Lu, Q.; Liu, X.; Wang, L. A Biocompatible Fluorescent Ink Based on Water-Soluble Luminescent Carbon
Nanodots. Angew. Chem. Int. Ed. 2012, 51, 12215–12218. [CrossRef]
Hu, S.-L.; Niu, K.-Y.; Sun, J.; Yang, J.; Zhao, N.-Q.; Du, X.-W. One-step synthesis of fluorescent carbon nanoparticles by laser
irradiation. J. Mater. Chem. 2009, 19, 484–488. [CrossRef]
Jin, S.H.; Kim, D.H.; Jun, G.H.; Hong, S.H.; Jeon, S. Tuning the Photoluminescence of Graphene Quantum Dots through the
Charge Transfer Effect of Functional Groups. ACS Nano 2013, 7, 1239–1245. [CrossRef]
Siddique, F.; Langer, M.; Paloncýová, M.; Medved’, M.; Otyepka, M.; Nachtigallová, D.; Lischka, H.; Aquino, A.J.A. Conformational Behavior and Optical Properties of a Fluorophore Dimer as a Model of Luminescent Centers in Carbon Dots. J. Phys. Chem.
C 2020, 124, 14327–14337. [CrossRef]
Li, Y.; Zhao, Y.; Cheng, H.; Hu, Y.; Shi, G.; Dai, L.; Qu, L. Nitrogen-Doped Graphene Quantum Dots with Oxygen-Rich Functional
Groups. J. Am. Chem. Soc. 2012, 134, 15–18. [CrossRef]
Parse, H.; Patil, I.M.; Swami, A.S.; Kakade, B.A. TiO2 -Decorated Titanium Carbide MXene co-Doped with Nitrogen and Sulfur for
Oxygen Electroreduction. ACS Appl. Nano Mater. 2021, 4, 1094–1103. [CrossRef]
Feng, L.; Wang, T.; Sun, H.; Jiang, M.; Chen, Y. Carbon Nitride Anchored on a Nitrogen-Doped Carbon Nanotube Surface for
Enhanced Oxygen Reduction Reaction. ACS Appl. Mater. Interfaces 2020, 12, 56954–56962. [CrossRef]
Sun, J.; Wang, Q.; Yang, J.; Zhang, J.; Li, Z.; Li, H.; Yang, X.-F. 2,4-Dinitrobenzenesulfonate-functionalized carbon dots as a turn-on
fluorescent probe for imaging of biothiols in living cells. Microchim. Acta 2019, 186, 402. [CrossRef]
Kundelev, E.V.; Tepliakov, N.V.; Leonov, M.Y.; Maslov, V.G.; Baranov, A.V.; Fedorov, A.V.; Rukhlenko, I.D.; Rogach, A.L. Toward
Bright Red-Emissive Carbon Dots through Controlling Interaction among Surface Emission Centers. J. Phys. Chem. Lett. 2020, 11,
8121–8127. [CrossRef]
Li, X.; Rui, M.; Song, J.; Shen, Z.; Zeng, H. Carbon and Graphene Quantum Dots for Optoelectronic and Energy Devices: A
Review. Adv. Funct. Mater. 2015, 25, 4929–4947. [CrossRef]
Tan, X.; Li, Y.; Li, X.; Zhou, S.; Fan, L.; Yang, S. Electrochemical synthesis of small-sized red fluorescent graphene quantum dots as
a bioimaging platform. Chem. Commun. 2015, 51, 2544–2546. [CrossRef]
Boonta, W.; Talodthaisong, C.; Sattayaporn, S.; Chaicham, C.; Chaicham, A.; Sahasithiwat, S.; Kangkaew, L.; Kulchat, S. The
synthesis of nitrogen and sulfur co-doped graphene quantum dots for fluorescence detection of cobalt(ii) ions in water. Mater.
Chem. Front. 2020, 4, 507–516. [CrossRef]
Shiralizadeh Dezfuli, A.; Kohan, E.; Tehrani Fateh, S.; Alimirzaei, N.; Arzaghi, H.; Hamblin, M.R. Organic dots (O-dots) for
theranostic applications: Preparation and surface engineering. RSC Adv. 2021, 11, 2253–2291. [CrossRef]
Jin, P.; Ma, D.; Gao, Y.; Wang, L.; Gao, Z.; Zhang, Y.; Liu, M.; Xu, J.; Wang, J. Determination of Cisplatin Cross-Linked Hyaluronic
Acid (CPHA) Hydrogel and DNA Using the Fluorescent Response from Mercaptopropionic Acid (MPA) Capped Cadmium
Telluride Quantum Dots (CdTe QDs). Anal. Lett. 2021, 54, 1–12. [CrossRef]
Dong, Y.; Pang, H.; Yang, H.B.; Guo, C.; Shao, J.; Chi, Y.; Li, C.M.; Yu, T. Carbon-Based Dots Co-doped with Nitrogen and Sulfur
for High Quantum Yield and Excitation-Independent Emission. Angew. Chem. Int. Ed. 2013, 52, 7800–7804. [CrossRef]
Irfan, M.; Jeshurun, A.; Baraneedharan, P.; Reddy, B.M. A photoluminescence study of nitrogen-doped carbon quantum
dots/hydroxyapatite (NCQDs/HAp) nanocomposites. Mater. Technol. 2021, 36, 1–12. [CrossRef]
Kim, S.; Hwang, S.W.; Kim, M.-K.; Shin, D.Y.; Shin, D.H.; Kim, C.O.; Yang, S.B.; Park, J.H.; Hwang, E.; Choi, S.-H.; et al.
Anomalous Behaviors of Visible Luminescence from Graphene Quantum Dots: Interplay between Size and Shape. ACS Nano
2012, 6, 8203–8208. [CrossRef]
Fang, Z.; Xu, M.; Li, Q.; Qi, M.; Xu, T.; Niu, Z.; Qu, N.; Gu, J.; Wang, J.; Wang, D. Over-Reduction-Controlled Mixed-Valent
Manganese Oxide with Tunable Mn2+ /Mn3+ Ratio for High-Performance Asymmetric Supercapacitor with Enhanced Cycling
Stability. Langmuir 2021, 37, 2816–2825. [CrossRef]
Wang, J.; Gao, Z.; He, S.; Jin, P.; Ma, D.; Gao, Y.; Wang, L.; Han, S. A universal growth strategy for DNA-programmed quantum
dots on graphene oxide surfaces. Nanotechnology 2020, 31, 24LT02. [CrossRef] [PubMed]
Han, Y.; Chen, Y.; Wang, N.; He, Z. Magnesium doped carbon quantum dots synthesized by mechanical ball milling and displayed
Fe3+ sensing. Mater. Technol. 2019, 34, 336–342. [CrossRef]
Wen, X.; Yu, P.; Toh, Y.-R.; Hao, X.; Tang, J. Intrinsic and Extrinsic Fluorescence in Carbon Nanodots: Ultrafast Time-Resolved
Fluorescence and Carrier Dynamics. Adv. Opt. Mater. 2013, 1, 173–178. [CrossRef]
Yang, Y.; Yang, X.; Yang, Y.; Yuan, Q. Aptamer-functionalized carbon nanomaterials electrochemical sensors for detecting cancer
relevant biomolecules. Carbon 2018, 129, 380–395. [CrossRef]
Wang, Z.; Dai, Z. Carbon nanomaterial-based electrochemical biosensors: An overview. Nanoscale 2015, 7, 6420–6431. [CrossRef]
[PubMed]
Lim, S.Y.; Shen, W.; Gao, Z. Carbon quantum dots and their applications. Chem. Soc. Rev. 2015, 44, 362–381. [CrossRef]

Materials 2021, 14, 3987

59.

60.
61.
62.
63.
64.

65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.

77.
78.
79.

80.
81.
82.
83.
84.
85.

14 of 16

Tajik, S.; Dourandish, Z.; Zhang, K.; Beitollahi, H.; Le, Q.V.; Jang, H.W.; Shokouhimehr, M. Carbon and graphene quantum dots:
A review on syntheses, characterization, biological and sensing applications for neurotransmitter determination. RSC Adv. 2020,
10, 15406–15429. [CrossRef]
Xu, X.; Ray, R.; Gu, Y.; Ploehn, H.J.; Scrivens, W.A. Electrophoretic Analysis and Purification of Fluorescent Single-Walled Carbon
Nanotube Fragments. J. Am. Chem. Soc. 2004, 126, 12736–12737. [CrossRef] [PubMed]
Zhou, J.; Booker, C.; Li, R.; Zhou, X.; Sham, T.-K.; Sun, X.; Ding, Z. An Electrochemical Avenue to Blue Luminescent Nanocrystals
from Multiwalled Carbon Nanotubes (MWCNTs). J. Am. Chem. Soc. 2007, 129, 744–745. [CrossRef]
Li, D.; Li, W.; Zhang, H.; Zhang, X.; Zhuang, J.; Liu, Y.; Hu, C.; Lei, B. Far-Red Carbon Dots as Efficient Light-Harvesting Agents
for Enhanced Photosynthesis. ACS Appl. Mater. Interfaces 2020, 12, 21009–21019. [CrossRef]
Nguyen, H.A.; Srivastava, I.; Pan, D.; Gruebele, M. Unraveling the Fluorescence Mechanism of Carbon Dots with Sub-SingleParticle Resolution. ACS Nano 2020, 14, 6127–6137. [CrossRef]
Du, F.; Cheng, Z.; Wang, G.; Li, M.; Lu, W.; Shuang, S.; Dong, C. Carbon Nanodots as a Multifunctional Fluorescent Sensing
Platform for Ratiometric Determination of Vitamin B2 and “Turn-Off” Detection of pH. J. Agric. Food Chem. 2021, 69, 2836–2844.
[CrossRef]
Ling, L.; Zhu, Z.; Shen, H.; Cheng, R.; Ye, H.-G.; Li, Q.; Wang, C.-F.; Chen, S. One-Step Facile Synthesis of Fluorescent Carbon
Dots via Magnetic Hyperthermia Method. Ind. Eng. Chem. Res. 2020, 59, 4968–4976. [CrossRef]
Dong, Y.; Zhou, N.; Lin, X.; Lin, J.; Chi, Y.; Chen, G. Extraction of Electrochemiluminescent Oxidized Carbon Quantum Dots from
Activated Carbon. Chem. Mater. 2010, 22, 5895–5899. [CrossRef]
Minervini, G.; Panniello, A.; Fanizza, E.; Agostiano, A.; Curri, M.L.; Striccoli, M. Oil-Dispersible Green-Emitting Carbon Dots:
New Insights on a Facile and Efficient Synthesis. Materials 2020, 13, 3716. [CrossRef] [PubMed]
Lai, C.-W.; Hsiao, Y.-H.; Peng, Y.-K.; Chou, P.-T. Facile synthesis of highly emissive carbon dots from pyrolysis of glycerol; gram
scale production of carbon dots/mSiO2 for cell imaging and drug release. J. Mater. Chem. 2012, 22, 14403–14409. [CrossRef]
Gao, Z.; Hao, T.; Fang, Q.; Wu, C.; Zhou, Z. Study on the fluorescence of double-emission carbon quantum dots by improved
intercept method. Methods Appl. Fluoresc. 2021, 9, 015004. [CrossRef] [PubMed]
Kwon, W.; Rhee, S.-W. Facile synthesis of graphitic carbon quantum dots with size tunability and uniformity using reverse
micelles. Chem. Commun. 2012, 48, 5256–5258. [CrossRef]
Tungare, K.; Bhori, M.; Racherla, K.S.; Sawant, S. Synthesis, characterization and biocompatibility studies of carbon quantum dots
from Phoenix dactylifera. 3 Biotech 2020, 10, 540. [CrossRef]
Li, H.; He, X.; Liu, Y.; Huang, H.; Lian, S.; Lee, S.-T.; Kang, Z. One-step ultrasonic synthesis of water-soluble carbon nanoparticles
with excellent photoluminescent properties. Carbon 2011, 49, 605–609. [CrossRef]
Myint, A.A.; Rhim, W.-K.; Nam, J.-M.; Kim, J.; Lee, Y.-W. Water-soluble, lignin-derived carbon dots with high fluorescent
emissions and their applications in bioimaging. J. Ind. Eng. Chem. 2018, 66, 387–395. [CrossRef]
Nevar, A.; Tarasenka, N.; Nedelko, M.; Tarasenko, N. Carbon nanodots with tunable luminescence properties synthesized by
electrical discharge in octane. Carbon Lett. 2021, 31, 39–46. [CrossRef]
Hu, Y.; Yang, J.; Tian, J.; Jia, L.; Yu, J.-S. Waste frying oil as a precursor for one-step synthesis of sulfur-doped carbon dots with
pH-sensitive photoluminescence. Carbon 2014, 77, 775–782. [CrossRef]
Park, S.Y.; Lee, H.U.; Park, E.S.; Lee, S.C.; Lee, J.-W.; Jeong, S.W.; Kim, C.H.; Lee, Y.-C.; Huh, Y.S.; Lee, J. Photoluminescent Green
Carbon Nanodots from Food-Waste-Derived Sources: Large-Scale Synthesis, Properties, and Biomedical Applications. ACS Appl.
Mater. Interfaces 2014, 6, 3365–3370. [CrossRef] [PubMed]
Semeniuk, M.; Yi, Z.; Poursorkhabi, V.; Tjong, J.; Jaffer, S.; Lu, Z.-H.; Sain, M. Future Perspectives and Review on Organic Carbon
Dots in Electronic Applications. ACS Nano 2019, 13, 6224–6255. [CrossRef]
Zhang, Y.; Park, M.; Kim, H.Y.; Ding, B.; Park, S.-J. A facile ultrasonic-assisted fabrication of nitrogen-doped carbon dots/BiOBr
up-conversion nanocomposites for visible light photocatalytic enhancements. Sci. Rep. 2017, 7, 45086. [CrossRef]
Arsalani, N.; Nezhad-Mokhtari, P.; Jabbari, E. Microwave-assisted and one-step synthesis of PEG passivated fluorescent carbon
dots from gelatin as an efficient nanocarrier for methotrexate delivery. Artif. Cells Nanomed. Biotechnol. 2019, 47, 540–547.
[CrossRef]
Ray, S.C.; Saha, A.; Jana, N.R.; Sarkar, R. Fluorescent Carbon Nanoparticles: Synthesis, Characterization, and Bioimaging
Application. J. Phys. Chem. C 2009, 113, 18546–18551. [CrossRef]
Ji, C.; Zhou, Y.; Leblanc, R.M.; Peng, Z. Recent Developments of Carbon Dots in Biosensing: A Review. ACS Sens. 2020, 5,
2724–2741. [CrossRef] [PubMed]
Qiao, Z.-A.; Wang, Y.; Gao, Y.; Li, H.; Dai, T.; Liu, Y.; Huo, Q. Commercially activated carbon as the source for producing
multicolor photoluminescent carbon dots by chemical oxidation. Chem. Commun. 2010, 46, 8812–8814. [CrossRef]
Liu, R.; Wu, D.; Liu, S.; Koynov, K.; Knoll, W.; Li, Q. An Aqueous Route to Multicolor Photoluminescent Carbon Dots Using Silica
Spheres as Carriers. Angew. Chem. Int. Ed. 2009, 48, 4598–4601. [CrossRef]
Yang, X.; Wang, D.; Luo, N.; Feng, M.; Peng, X.; Liao, X. Green synthesis of fluorescent N,S-carbon dots from bamboo leaf and the
interaction with nitrophenol compounds. Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 2020, 239, 118462. [CrossRef]
Bourlinos, A.B.; Stassinopoulos, A.; Anglos, D.; Zboril, R.; Giannelis, E.P. Surface Functionalized Carbogenic Quantum Dots.
Small 2008, 4, 455–458. [CrossRef] [PubMed]

Materials 2021, 14, 3987

86.
87.

88.
89.
90.
91.
92.
93.
94.
95.

96.
97.
98.

99.
100.
101.

102.
103.
104.

105.
106.
107.

108.
109.
110.
111.

15 of 16

Titirici, M.M.; Antonietti, M. Chemistry and materials options of sustainable carbon materials made by hydrothermal carbonization. Chem. Soc. Rev. 2009, 39, 103–116. [CrossRef]
Naik, V.; Zantye, P.; Gunjal, D.; Gore, A.; Anbhule, P.; Kowshik, M.; Bhosale, S.V.; Kolekar, G. Nitrogen-Doped Carbon Dots via
Hydrothermal Synthesis: Naked Eye Fluorescent Sensor for Dopamine and Used for Multicolor Cell Imaging. ACS Appl. Bio
Mater. 2019, 2, 2069–2077. [CrossRef]
Han, Y.; Tang, B.; Wang, L.; Bao, H.; Lu, Y.; Guan, C.; Zhang, L.; Le, M.; Liu, Z.; Wu, M. Machine-Learning-Driven Synthesis of
Carbon Dots with Enhanced Quantum Yields. ACS Nano 2020, 14, 14761–14768. [CrossRef] [PubMed]
Pandit, S.; Mondal, S.; De, M. Surface engineered amphiphilic carbon dots: Solvatochromic behavior and applicability as a
molecular probe. J. Mater. Chem. B 2021, 9, 1432–1440. [CrossRef] [PubMed]
Zuo, P.; Lu, X.; Sun, Z.; Guo, Y.; He, H. A review on syntheses, properties, characterization and bioanalytical applications of
fluorescent carbon dots. Microchim. Acta 2016, 183, 519–542. [CrossRef]
Zhang, X.; Wang, J.; Liu, J.; Wu, J.; Chen, H.; Bi, H. Design and preparation of a ternary composite of graphene oxide/carbon
dots/polypyrrole for supercapacitor application: Importance and unique role of carbon dots. Carbon 2017, 115, 134–146. [CrossRef]
Jing, S.; Zhao, Y.; Sun, R.-C.; Zhong, L.; Peng, X. Facile and High-Yield Synthesis of Carbon Quantum Dots from Biomass-Derived
Carbons at Mild Condition. ACS Sustain. Chem. Eng. 2019, 7, 7833–7843. [CrossRef]
Hu, Y.; Chen, Z.; Lai, F.; Li, J. Biomass-codoped carbon dots: Efficient fluorescent probes for isocarbophos ultrasensitive detection
and for living cells dual-color imaging. J. Mater. Sci. 2019, 54, 8627–8639. [CrossRef]
Yang, S.-T.; Wang, X.; Wang, H.; Lu, F.; Luo, P.G.; Cao, L.; Meziani, M.J.; Liu, J.-H.; Liu, Y.; Chen, M.; et al. Carbon Dots as
Nontoxic and High-Performance Fluorescence Imaging Agents. J. Phys. Chem. C 2009, 113, 18110–18114. [CrossRef] [PubMed]
Havrdova, M.; Hola, K.; Skopalik, J.; Tomankova, K.; Petr, M.; Cepe, K.; Polakova, K.; Tucek, J.; Bourlinos, A.B.; Zboril, R. Toxicity
of carbon dots—Effect of surface functionalization on the cell viability, reactive oxygen species generation and cell cycle. Carbon
2016, 99, 238–248. [CrossRef]
Perry, S.C.; Pangotra, D.; Vieira, L.; Csepei, L.-I.; Sieber, V.; Wang, L.; Ponce de León, C.; Walsh, F.C. Electrochemical synthesis of
hydrogen peroxide from water and oxygen. Nat. Rev. Chem. 2019, 3, 442–458. [CrossRef]
Buratti, S.; Pellegrini, N.; Brenna, O.V.; Mannino, S. Rapid Electrochemical Method for the Evaluation of the Antioxidant Power
of Some Lipophilic Food Extracts. J. Agric. Food Chem. 2001, 49, 5136–5141. [CrossRef]
Jiang, C.; Alam, M.T.; Silva, S.M.; Taufik, S.; Fan, S.; Gooding, J.J. Unique Sensing Interface That Allows the Development of
an Electrochemical Immunosensor for the Detection of Tumor Necrosis Factor α in Whole Blood. ACS Sens. 2016, 1, 1432–1438.
[CrossRef]
Salimi, A.; Hallaj, R.; Soltanian, S. Fabrication of a Sensitive Cholesterol Biosensor Based on Cobalt-oxide Nanostructures
Electrodeposited onto Glassy Carbon Electrode. Electroanalysis 2009, 21, 2693–2700. [CrossRef]
Yola, M.L.; Atar, N. Development of molecular imprinted sensor including graphitic carbon nitride/N-doped carbon dots
composite for novel recognition of epinephrine. Compos. Part. B Eng. 2019, 175, 107113. [CrossRef]
Mazloum-Ardakani, M.; Rajabzadeh, N.; Dehghani -Firouzabadi, A.; Sheikh-Mohseni, M.A.; Benvidi, A.; Naeimi, H.; Akbari,
M.; Karshenas, A. Carbon nanoparticles and a new derivative of hydroquinone for modification of a carbon paste electrode for
simultaneous determination of epinephrine and acetaminophen. Anal. Methods 2012, 4, 2127–2133. [CrossRef]
Ding, M.; Zhou, Y.; Liang, X.; Zou, H.; Wang, Z.; Wang, M.; Ma, J. An electrochemical sensor based on graphene/poly(brilliant
cresyl blue) nanocomposite for determination of epinephrine. J. Electroanal. Chem. 2016, 763, 25–31. [CrossRef]
Huang, Q.; Hu, S.; Zhang, H.; Chen, J.; He, Y.; Li, F.; Weng, W.; Ni, J.; Bao, X.; Lin, Y. Carbon dots and chitosan composite film
based biosensor for the sensitive and selective determination of dopamine. Analyst 2013, 138, 5417–5423. [CrossRef] [PubMed]
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