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Abstract
The nitrite ion (NO2

−) is a vital inorganic species that occurs both in natural ecological systems and human bodies. The high
concentration of NO2

− can be harmful for animal and human health. It is important to develop a simple, sensitive, reliable, and
economic methodology to precisely monitor NO2

− in various environmental and biological fields. Thus, a novel nitrite biosensor
based on carbon quantum dots (PA-CDs) has been constructed and prepared via a high-efficiency, one-pot hydrothermal route
using primary arylamines (PA) such as m-phenylenediamine. The device exhibits bright green fluorescence and a high quantum
yield of 20.1% in water. In addition, the PA-CDs also possess two broad linear ranges: 0.05–1.0 μM and 1.0–50 μMwith a low
detection limit of 7.1 nM. The classical diazo reaction is firstly integrated into the PA-CD system by primary arylamines, which
endows the system with high sensitivity and specific selectivity towards nitrite. Importantly, the nanosensor can detect NO2

− in
environmental water and serum samples with high fluorescence recoveries, demonstrating its feasibility in practical applications.
This work broadens a new method to fabricate novel nanosensors and provides a prospective application for fluorescent carbon
quantum dots (CDs).
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Introduction

Nitrite ions (NO2
−) are widely used as chemical fertilizing

agents and food antiseptics in agriculture and the food indus-
try, respectively. However, trace amounts of nitrite ions can
cause severe environmental contamination which can nega-
tively affect human health [1–3]. Due to their chemical versa-
tility and intimate molecular interactions with proteins, NO2

−

ions play important roles as precursors for the generation of

highly carcinogenic N-nitrosamines by combining with
amides/amines [4, 5]. Nitrite ions can cause hemoglobin to
permanently lose its blood oxygen-carrying capacity upon
irreversible oxidation [6]. For example, the most common
form of blue baby syndrome, a serious congenital heart defect,
is caused by an excessive dose of NO2

− and successive inad-
equate blood oxygen-transporting capacity [7]. Hence, exces-
sive consumption and accumulation of nitrites in human bod-
ies can cause a series of diseases, such as infant methemoglo-
binemia, esophageal cancer, spontaneous miscarriage, and
birth defects in the central nervous system. Besides, endoge-
nous nitrite in biological systems (such as serum samples) is a
crucial chemical signal source for vasodilator nitric oxide [8],
which plays a significant role in metabolic functions, such as
the regulation of vascular tone [9], neurotransmitters [10], and
others.

The US Environmental Protection Agency (EPA) has set
the maximum contaminant level (MCL) of NO2

− at 1 ppm (or
21.7 μM), and an analogous guideline value of 3 ppm (or
65 μM) has been set by the World Health Organization
(WHO) [11]. Therefore, it is vital to develop a simple, sensi-
tive, reliable, economical, and green methodology to precisely
monitor NO2

− in a variety of environments. Such a method
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will have profound significance and practical value for envi-
ronmental monitoring and human clinical diagnoses. A wide
variety of analytical techniques for nitrite detection have been
developed in the last decade, including electrochemical
me thod s [ 12 ] , c ap i l l a r y e l e c t r opho r e s i s [ 13 ] ,
electrochemiluminescence [14], chromatography [15],
Raman spectrometry [16], molecular absorption spectrometry
[17], and chemiluminescence [18]. Despite these advances,
most of these methods require tedious treatment procedures,
expensive equipment, and high costs. They also have low
detection limits and sensitivities, which greatly hinder their
practical applications. Compared with the above technologies,
fluorescent carbon quantum dots are promising nanomaterials
that possess numerous attractive properties, including easy
preparation, low cost, great photoluminescence, outstanding
photostability, high water solubility, and low toxicities
[19–21]. Due to these excellent features and advantages, car-
bon quantum dots are strong candidates for the development
of novel, stable, and sensitive nanosensors. In the last decade,
carbon quantum dots have been widely utilized as direct fluo-
rescence indicators for metal ions [22–24], while few carbon
quantum dots have been used to detect nitrite ions.

Herein, a methodology has been developed for using novel
carbon quantum dots (PA-CDs) to detect NO2

− via traditional
diazotization, which is fabricated by a high-efficiency, one-pot
hydrothermal route utilizing m-phenylenediamine as the only
precursor. Research into the mechanism revealed that unique
aromatic primary amines (Ar-NH2) were selectively diazo-
tized by NO2

−, which resulted in fluorescence quenching in
a linear relationship. Hence, the nanosensor based on PA-CDs
displayed a sensitive and selective method to quench NO2

−

with two good linear range of 0.05–1.0 μM and 1.0–50 μM
with a low detection limit of 7.1 nM. In addition, the PA-CDs
exhibited bright green fluorescence, high quantum yield
(20.1%) and photostability, and strong anti-interference ability
in different environments. As far as we know, the PA-CDs
reported here are the simplest fluorescent probes that can be
used to determine the presence of nitrite ions in environmental
water and biological samples. Thus, this method possesses
great potential for the selective detection of NO2

− in real sam-
ples and to replace the expensive experiments currently used
in conventional methods.

Experimental

Materials

m-Phenylenediamine was purchased from Aladdin Chemistry
Co., Ltd. (Shanghai, China). Analytical-grade reagents
NaNO2, NaNO3, NaF, NaCl, NaBr, NaI, Na2S, Na2SO4,
Na2SO3, Na2CO3, NaHCO3, Na3PO4, Na2HPO4, NaH2PO4,
FeCl3, FeCl2, MnCl2, CaCl2, BaCl2, ZnCl2, NiCl2, CoCl2,

CdCl2, MgCl2, citric acid, and ethanol were purchased from
Sinopharm Group Co., Ltd. (Shanghai, China). Fetal bovine
serum was procured from BioInd (Israel). All reagents were
used as received without further purification. Ultrapure water
prepared using anUlupure (Sichuan, China) water purification
system was used for all aqueous solutions throughout the
study. The 2000 Da cutoff membranes and 0.22 μm pore
diameter microporous membrane were purchased from
Shanghai Yuanye Bio-Technology Co., Ltd. (Shanghai,
China).

Instrumentation

Transmission electronmicroscopy (TEM) was performed by a
copper grid coated with thin films of carbon on a Tecnai G2
F20 microscope (FEI Co., USA) at an accelerating voltage of
200 kV. Fourier-transform infrared spectra (FT-IR) were ob-
tained for KBr pellets on Frontier-PerkinElmer FT-IR spec-
trometer from 4000 to 600 cm−1. Raman spectra (from 1000 to
2000 cm−1) were measured on Renishaw inVia confocal
Raman spectrometers excited by 532 nm laser with a visible
grating (1800 l/mm). UV−vis absorption spectra were obtain-
ed on a UV-3600 UV-VIS-NIR spectrophotometer
(Shimadzu, Japan) by a quartz cuvette with 1 cm path length.
Fluorescence excitation and emission spectra were recorded
on a Hitachi F-4600 fluorescence spectrophotometer with a
scan rate of 240 nm/min, which utilized a Xenon lamp of
1/5 nm slit width and equipped by a quartz cuvette with an
optical path length of 1 mm; the excitation (Ex) and emission
wavelengths (Em) were 395 nm and 490 nm, respectively. X-
ray photoelectron spectroscopy (XPS) survey data were ob-
tained by a Thermo Scientific ESCALAB 250Xi equipped
with an Al Kα X-ray source (1487.2 eV); the analysis cham-
ber was 8 × 10−8 mbar and the X-ray spot was 650 μm. Zeta
potential of the PA-CDs aqueous solution was measured by a
Zetasizer Nano ZS series (Malvern Instruments, UK) with a
laser wavelength of 633 nm and a detection angle of 173° at
25 °C. Fluorescent photographs were taken by a SONY DSC-
W800 with ZF-20D hand-held UV lamp (Shanghai, China)
under excitation at 365 nm.

Preparation of carbon quantum dots

First, 0.2160 g m-phenylenediamine (2 mmol) was dispersed
in 20 mL ethanol, and then the solution was transferred into a
Teflon-lined stainless steel autoclave and heated to 180 °C for
8 h. After the autoclave was allowed to cool, the resulting
solution was centrifuged at 9000 rpm for 10 min to remove
solids. After ethanol was removed by a rotary evaporator, the
acquired product was ultrasonically dispersed in ultrapure wa-
ter. Next, the obtained solutionwas dialyzed through a dialysis
membrane (MWCO= 2000 Da) for 24 h after filtering by a
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0.22-μm pore diameter microporous membrane, and the final
PA-CD solid sample was obtained through freeze drying.

Nitrite (NO2
−) sensing procedures

Various concentrations of NO2
− (100 μL each) were added

into a mixture of 400 μL PA-CD solution (0.1 mg/mL) and
3.5 mL disodium hydrogen phosphate-citrate buffer (pH =
2.0). And then emission spectra were collected and analyzed
on a fluorescence spectrophotometer. Using this samemethod,
selectivity experiments were performed by using 100 μL of
other inorganic ion or metal ion solutions instead of NO2

−.
The fluorescence response of the PA-CDs was analyzed to-
wards different interfering anions. Competition experiments
were carried out with the subsequent addition of 100 μM
NO2

− basis on selectivity experiments. Complex real samples
(such as tap water and serum samples) were used to evaluate
the feasibility and applicability of the proposed analytical
methodology. The tap water and serum samples were diluted
(200-fold) before sensing NO2

−. The obtained samples were
spiked with a series of concentrations of standard NO2

−

solution.

Results and discussion

Characterization of PA-CDs

TEM images were used to characterize the morphology and
size of PA-CDs (Fig. 1a), and the nanoparticles displayed
smooth surface morphologies and uniform spherical nanopar-
ticles with an average diameter of approximately 1.57 nm
(Fig. 1b). Raman spectra confirmed that the PA-CDs were
partially graphitized, and G and D band signals were observed
at 1563 and 1354 cm−1, respectively. The intensity of the G
band was greater than the D band (Fig. 1c) which indicated
that the as-prepared PA-CDs had a graphite-like structure.

The surface functional groups of PA-CDswere characterized
through FTIR spectroscopy (Fig. 1d). The bands at 3340 and
3210 cm−1 represented the symmetrical and asymmetrical
stretching vibrations of NH2, respectively. The sharp peak at
1600 cm−1 indicated the bending vibrations of N−H, and the
out-of-plane bending vibration of N−H at 766 nm was also
observed, which demonstrated that many primary amines were
present on the surface of PA-CDs. Furthermore, the vibration
band at 3040 cm−1 was attributed to the Ar−H stretching
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Fig. 1 a TEM image, b diameter distribution, c Raman spectra, and d FT-IR spectra of the PA-CDs
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frequency. The absorption peaks at 1503, 1487, and 1440 cm−1

were attributed to aromatic C=C stretching vibrations. The ab-
sorption peaks at 1380, 1323, and 1273 cm−1 were identified as
aromatic δ C−N. Meanwhile, an additional peak at 1056 cm−1

represented C−O stretching. From the above FTIR characteris-
tics, it can be concluded that aromatic primary amino groups
were present on the surface of the nanospheres, which demon-
strates that m-phenylenediamine molecules remained on the
surface of PA-CDs.

The elemental composition and chemical valence states of
PA-CDs were determined by X-ray photoelectron spectrosco-
py (XPS). The survey spectrum of PA-CDs in Fig. 2 a indi-
cates the presence of C 1s (285 eV), N 1s (400 eV), and O 1s
(533 eV). Figure 2 b shows the high-resolution C 1s XPS
spectrum, which can be separated into three peaks, which
correspond to sp2 hybridized carbon atoms in C–C/C=C
(284.5 eV), sp3 hybridized carbon atoms in C−N/C−O
(285.6 eV), and carbonyl carbons (C=O) at 287.8 eV [25].
The N 1s spectrum (Fig. 2c) reveals three component peaks
at 398.6 eV (pyridinic Ns), 399.5 eV (1°/2° amino Ns), and
400.3 eV (pyrrolic Ns) [26]. The O 1s XPS spectrum (Fig. 2d)
has two peaks at 531.6 eVand 533 eV, which likely originate
from C=O and C−O [27]. Based on the XPS analysis, it is
reconfirmed that the polar functional groups present on the

surface of PA-CDs are aromatic primary amino groups.
Moreover, the zeta potential (+ 19.5 mV) of PA-CDs in aque-
ous solution (see Electronic Supplementary Material (ESM)
Fig. S1) indicated good dispersibility and solubility in water or
acidic solution, likely because of many amino groups on the
surface of PA-CDs.

Optical properties of the PA-CDs

The optical properties of the as-obtained PA-CDs were ana-
lyzed by UV−vis absorption and fluorescence spectroscopy.
The UV−vis spectral peaks at 285 nm and 391 nm were attrib-
uted to the aromatic sp2 π−π* transition and the n–π* transition
of the C=O/C–N bonds on the surface of doped PA-CDs, re-
spectively (Fig. 3a). In Fig. 3 b, the fluorescence emission spec-
tra were recorded at an excitation wavelength that varied from
335 to 425 nm, and a significant excitation-independent mode
with an emission maximum at 490 nm was observed, which
demonstrated that the PA-CDs possessed only one specific and
dominant emission mode. Furthermore, the fluorescence exci-
tation spectra manifested an excitation peak centered at 395 nm,
which is consistent with the absorption peak at 391 nm. This
indicates that the surface structures and states were presumably
responsible for the emission at 490 nm. The quantum yield
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Fig. 2 a Full-survey XPS spectrum of PA-CDs. b C 1s. c N 1s. d O 1s deconvolution spectra
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(QY) of PA-CDs in aqueous media was determined to be
20.1% using quinoline sulfate as the standard, which demon-
strated that the PA-CDs could potentially be utilized as highly
sensitive nanosensors for NO2

− detection.
A photobleaching experiment was performed to examine the

photostability of PA-CDs (Fig. 3c). The fluorescent intensity
attenuated and decreased slightly after continuous and uninter-
rupted irradiation by a 150W Xenon lamp (Ex = 395 nm) for
60 min, demonstrating that the as-fabricated PA-CDs possessed
excellent photostability against photobleaching organic probes.
Moreover, the fluorescence stability of PA-CDs under various
circumstances was also investigated. Interestingly, the fluores-
cence intensity (Ex = 395 nm, Em= 490 nm) fluctuated as the
pH increased from 2 to 9, possibly due to the protonation-
deprotonation of external amino groups on the surface of the
PA-CDs (Fig. 3d). Furthermore, the response of the PA-CD
analysis platform towards NO2

− at different pH values was in-
vestigated, which showed that the fluorescence quenching effi-
ciency was inversely proportional to the pH, and there was no
response in either neutral or alkaline conditions (ESM Fig. S2).
Aromatic amine diazotization may occur under strongly acidic
conditions, and this reaction was likely responsible for the above

experimental result [28]. Considering the influence of strong acid
on the analytical sample, a buffer system (pH = 2) was employed
throughout the experiment. Moreover, whether NO2

− was pres-
ent or not, no fluorescence response change was identified in the
disodium hydrogen phosphate-citrate buffer solution, which in-
dicated that the buffer did not interfere with NO2

− detection
(ESM Fig. S3). Additionally, the stability of the nanoprobe
was also examined under high ionic concentrations up to 1 M
NaCl, and the fluorescence intensity of the PA-CDs remained
nearly constant (ESM Fig. S4), which further demonstrated high
photostability and anti-interface ability of PA-CDs.

NO2
− ion sensing capability of the PA-CDs

A PA-CD concentration of 0.01 mg/ml was eventually chosen
for the quantitative detection of NO2

−. The fluorescence in-
tensity at 490 nm continuously decreased as the concentration
of NO2

− increased (Fig. 4a). As shown in Fig. 4 b and c, the
quenching efficiency (F0/F) versus various concentration of
NO2

− displayed two excellent linear ranges, i.e., 0.05–1.0 μM
(R2 = 0.992) and 1.0–50 μM (R2 = 0.994), demonstrating that
the PA-CDs could be successfully used as nano-fluorophores
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Fig. 3 a UV−vis spectrum and excitation spectra. b Fluorescence
emission spectra at various excitation wavelengths (from 345 to
415 nm). c Fluorescence intensity variation of the PA-CDs under

uninterrupted irradiation by a 150W Xenon lamp (Ex = 395 nm) for
60 min. d Fluorescence intensity (Ex = 395 nm, Em= 490 nm) variation
at different pH values
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to detect trace amounts of NO2
−. The concentration depen-

dence of fluorescence quenching efficiency (F0/F) can be
fitted into (F0/F) = 1.012 + 5.348 × 104 [NO2

−] (0.05–
1.0 μM) and (F0/F) = 1.009 + 2.465 × 104 [NO2

−] (1.0–
50 μM), respectively, by the Stern−Volmer equation:

F0=F ¼ 1þ KSV NO2
−½ �

where F0 and F are the fluorescence intensity of the PA-CDs at
490 nm in the absence and presence of NO2

−, respectively;
[NO2

−] is the concentration of NO2
−; and KSV is the Stern

−Volmer constant.
The quantitative detection equation revealed two wide

linear range (0.05–1.0 μM and 1.0–50 μM) with a low
detection limit of 7.1 nM, demonstrating the promising ap-
plicability of PA-CDs to the sensitive and trace detection of
NO2

−. And the detection limit (7.1 nM) was estimated based

on the regression curve of (F0/F) = 1.012 + 5.348 × 104

[NO2
−] according to the 3σ (signal-to-noise) ratio.

Meanwhile, the fluorescence intensity of PA-CDs was grad-
ually quenched and attenuated as the NO2

− concentration
increased from 0 to 100 μM, and these samples were
photographed under a 365 nm UV lamp (Fig. 4d). These
results indicated that the NO2

− could be simply visualized
by the naked eye based on fluorescence response.

To determine the practicality of the PA-CDs as fluores-
cent nanosensors, it is crucial to explore their selectivity
and anti-interference ability in an intricate real system.
Hence, some anion ions (NO2

−, NO3
−, F−, Cl−, Br−, I−,

S2
−, SO4

2−, SO3
2−, CO3

2−, HCO3
−, PO4

3−, HPO4
2−, and

H2PO4
−) were used. As shown in Fig. 4 d, the fluores-

cence intensity (black bar) remained nearly the same, in-
dicating the high selectivity of PA-CDs to NO2

− against
other anions, because there is a nonspecific response
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between functional groups and other anions. Anti-
interference experiments (red bars, Fig. 4e) were conduct-
ed by subsequently adding 100 μM NO2

− to each solu-
tion, where the concentration ratio of NO2

− to other anion
is 1:4. That implied that the most anions can coexist in
the solution for the NO2

− detection without any interfer-
ence. To further demonstrate the specificity of this method
for NO2

− detection, a similar experiment was performed to
evaluate common cations (Fe3+, Fe2+, Mn2+, Ca2+, Ba2+,
Cu2+, Zn2+, Ni2+, Co2+, Cd2+, Mg2+) in the analytical
system with a NO2

− to interference cation concentration
ratio of 1:2 (Fig. 4f). The fluorescence response showed
negligible interference to the selectivity of PA-CDs, which

was attributed to the loose chelation between metal ions
and functional groups.

The selectivity and anti-interference experiment suggested
that the PA-CDs had a high selectivity to NO2

− against both
anions and metal ions. Various ions can coexist in an analysis
systemwith the NO2

−without interfering with the detection of
NO2

−. That further demonstrated the feasibility of using the
PA-CDs to sense NO2

− in interfering biological and physio-
logical environments.

The quenching mechanism of PA-CD nanosensor
towards nitrite

The possible quenching mechanism of the PA-CD nanosensor
towards nitrite is proposed to proceed via a diazotization
mechanism. This is confirmed by extensive reports that pri-
mary arylamines can be diazotized by NO2

− to form diazoni-
um salts in strongly acidic media [28–30]. The surface aro-
matic primary ammonia groups of the PA-CDs were first di-
azotized by NO2

− in acidic medium (reaction 1), which then
subsequently formed an azo compound (reaction 2) (ESMFig.
S5) [31–33]. The peculiar molecular structure of m-
phenylenediamine is responsible for the subsequent coupling
reaction. The corresponding fluorescence quenching mecha-
nism may be ascribed to the formation of an azo compound.
To verify the production of an azo compound, UV–vis spectra
were used to evaluate the absorption fluctuation after diazoti-
zation. The absorption peak of PA-CDs after participating in
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anism of the nanosensor in the presence of NO2

− (not to scale)

Table 1 Fluorescence recovery experiments of NO2
− from real tap

water and serum samples

Sample Added (μM) Found (μM) Recovery (%) RSD (%)

Tap water 0.6 0.63 105.0 3.2

2.4 2.43 101.3 1.5

6.0 5.95 99.2 2.1

24.0 23.80 99.2 2.6

Serum 0.6 0.65 108.3 3.0

2.4 2.49 103.8 2.8

6.0 5.81 96.7 1.4

24.0 22.17 92.3 0.7
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the coupling reaction with NO2
− exhibited a 62 nm red shift

(from 391 to 453 nm) (Fig. 5a), which was attributed to the
formation of an azo group (N=N) via a diazo coupling reaction
[34]. However, there were no spectral shifts for other anions
(Fig. 5b) and cations (Fig. 5c), and the vertically offset (an-
ions, < 3.6%; cations, < 16.4%) did not exhibit significant
change, which demonstrated strong anti-interference ability
for nitrite detection by PA-CDs. Meanwhile, the color change
of PA-CD solutionmay also arise from the formation of an azo
compound (ESM Fig. S6). Furthermore, the FTIR spectrosco-
py of PA-CDs after the diazo coupling reactionwithNO2

−was
also investigated (ESM Fig. S7). It indicated that the aromatic
amine peaks at 3340 and 3210 cm−1 were greatly weakened
and nearly vanished, while a new peak at 1687 cm−1 appeared
which was attributed to the formation of a diazo group [35].
These FTIR spectral differences further demonstrated that the
surface aromatic primary amine groups of the PA-CDs were
transformed into azo complexes by NO2

− in the acidic medi-
um. Therefore, it is speculated that the fluorescence quenching
of the PA-CDs is predominantly ascribed to a photoinduced
electron transfer process from the excited state of the PA-CDs
to the azo compounds on their surface (Fig. 5d).

NO2
− ion sensing performance of the PA-CDs in real

sample

In light of the remarkable sensing performance and excellent
anti-interference ability of PA-CDs, the proposed PA-CDs
were used as an analytic platform to detect NO2

− in different
water samples. Tap water and serum were chosen as models
for environmental and biological samples, respectively, by
spiking them with four different nitrite concentrations, which
were prepared to be quantitatively analyzed using the PA-
CDs.

A series of concentrations of a standard NO2
− solution

were added to tap water samples and were then directly sub-
jected to the PA-CD sensing system. They were allowed to
interact with each other for 60 min, and then the fluorescence
intensity was recorded to evaluate the recovery rate and accu-
racy using the above linear fitting equation for fluorescence
quenching. Each experiment was performed three times, and
the values reported in Table 1 are the mean concentrations

accompanied by their relative standard deviation (RSD).
Interestingly, the concentration values determined using the
PA-CDs are very consistent with the spiked concentrations.
The fluorescence recovery of tap water with different NO2

−

concentrations was greater than 99.2%, and the RSD was less
than 3.2%, which demonstrated this method can detect trace
amounts of nitrites in food and complex environments.

In addition, while there are many interference components
in the serum sample (fetal bovine serum), the recovery was
more than 92.3%, and the RSD was less than 3.0%, which
confirmed that the PA-CD method can be applied to track
trace amounts of nitrite in biological fields and provide effec-
tive information for clinical diagnoses. The high fluorescence
recoveries and excellent detection precision further verify the
dependability and feasibility of using PA-CDs as a sensing
platform to analyze trace amounts of nitrites in complex envi-
ronmental and biological samples.

The detection of nitrite ion has been performed by a variety
of methods, including combinatorial electrochemistry by Au-
PtNPs/PyTS-NG [36] and GC/AuMNNSs [37], colorimetry
by hydrogel [38], fluorescence by Fe3O4-SiO2-PAMAM-
PPD-NAS [39], Raman scattering by AuNPs [40], and chemi-
luminescence by CDs [41]. However, there are few reports of
fluorescent carbon quantum dots to accomplish nitrite ion de-
tection, and the analytical performances of proposed sensor
and previously reported nitrite sensors are summarized and
compared in Table 2. The sensitivity and selectivity of PA-
CDs illustrate a comparable detection range, further
confirming the potential application of PA-CDs for nitrite
detection.

Conclusions

A novel nitrite nanosensor was fabricated with m-
phenylenediamine by a high-efficiency, one-pot hydrothermal
route, which demonstrated a facile, economical, and efficient
strategy to prepare carbon quantum dots. The synthesized PA-
CDs demonstrated an excellent linear relationship in two wide
concentration range (0.05–1.0μMand 1.0–50μM)with a low
detection limit of 7.1 nM, indicating that this sensor was a
sensitive, accurate, specific, and reliable tool for the detection

Table 2 Comparison of a variety
of reported nanoprobes for the
determination of NO2

− with
diverse ways recently

Sensor Detective method Sample Detection range (μmol/L)

Au-PtNPs/PyTS-NG Electrochemistry Water/ham 0.5–1621

GC/AuMNNSs Electrochemistry Water 0.4–806.6

Hydrogel Colorimetry Ham 10–5000

Fe3O4-SiO2-PAMAM-PPD-NAS Fluorescence Beverages 0.35–11.76

Au NPs Raman scattering Saliva 20–120

CDs Chemiluminescence Water/milk 0.1–10

PA-CDs Fluorescence Water/serum 0.05–50

Li W. et al.



of nitrite ions. Importantly, we further confirmed that our pro-
posedmethod could successfully track NO2

− in environmental
water and serum samples in close agreement with known
spiked concentrations. A classical diazo-reaction mechanism
was used to ensure the outstanding sensitivity and selectivity
to NO2

− in various measuring environments. This provides a
new methodology to construct carbon quantum dots and im-
prove their anti-interference abilities and chemical stability
from various interfering environmental factors. This work
broadens the application of carbon quantum dots as
nanosensors, and provides a prospective use for carbon quan-
tum dots derived from aromatic primary amines in practical
applications. The proposed methodology in this work can be
extended to fabricate novel nanosensors for other analytes in
various fields.
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