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This work reports nitrogen-doped carbon dots (NCDs) as a selective sensing probe to detect Fe3+ in water samples. NCD probes
were synthesized via solvothermal method using nitrogen-rich melamine and triethanolamine as precursors. Properties of the
resulting NCDs were studied using diﬀerent characterization techniques, through which N-doping was conﬁrmed. The
quantum yield of obtained NCDs was measured to be 21%. When excited at 370 nm, the excellent blue emission property
makes this probe adoptable for selectively sensing Fe3+ in practical water samples. The limit of detection (LOD) was
identiﬁed as 216 nM with a good linear range between the concentrations of 0.2-2 μM. The obtained LOD is far less than
the World Health Organization (WHO) permissible limits of Fe3+ in water. Interference studies reveal that the presence of
other competing ions did not alter the sensing of Fe3+, even at the presence of 10 equivalents which indicates the high
selectivity of NCDs towards Fe3+. The reversibility studies showed that adding a cheap and readily available EDTA ligand
to the NCD results in ﬂuorescence regeneration, leading to exceptional reusability for the detection of Fe3+. So, the
synthesized NCDs can be used as a suitable probe for the selective determination of Fe3+ in real water samples.

1. Introduction
Among nanocarbon materials, carbon dots (CDs) have been
given much attention due to their properties such as low
cytotoxicity, robust chemical inertness, and good biocompatibility, which are particularly useful in several areas like
sensing, imaging, photodegradation, and theranostic applications [1–6]. On the other hand, modiﬁcation of electronic
structures of CDs by doping heteroatoms such as nitrogen is
further beneﬁcial, especially in sensing due to enhanced ﬂuorescence quantum yields [6–17]. Hence, extensive research
eﬀorts have been dedicated to their synthesis [18–20]. But,

to incorporate a heteroatom in carbon framework requires
complicated strategies such as high-temperature carbonization of nitrogen compounds, treatment of carbon materials
with ammonia at high temperatures, liquid phase polymerization of nitrogen-containing compounds, and chemical
vapor deposition with nitrogen-containing compounds as
nitrogen sources. But all the techniques mentioned above
have drawbacks such as severe synthetic conditions, high
cost, complex, and time-consuming processes [21–23]. Even
though many other methods are available to synthesize
nitrogen-doped carbon dots (NCDs) [24–26], for example,
using biomass via green synthesis methods, -broad PL

2
emission proﬁles and high quantum yields remained as challenges in the production of CDs. So, the development of
inexpensive and scalable synthesis for the production of
NCDs remains a requirement.
Metals play an essential part in the physiological functions of biological systems. Among the diﬀerent metal ions,
iron ions play a crucial role in biochemical reactions, oxygen
loading, cellular proliferation, enzyme catalysis, etc. However, a lower or higher concentration of Fe3+ may lead to
severe health concerns such as anemia, organ dysfunction,
and skin diseases [27–30]. Considering the extensive use of
iron in the day-to-day life of humans, estimating its quantities in water is vital. In detecting metal ions, ﬂuorescence
methods have beneﬁts such as high sensitivity, reusability,
onsite usage, and relatively economical, over traditional
spectrophotometric approaches, which generally require
complex sample preparation procedures and expensive
instrumentation [31, 32]. Even though several ﬂuorescent
sensors have been reported in the literature [33–37], only
very few highly selective and susceptible detection of Fe3+
ions with reusability exists [36, 37].
The present study described novel ﬂuorescent NCDs
that can detect Fe3+ ions. For the ﬁrst time, water-soluble
NCDs were made from readily accessible nitrogen-rich precursors like melamine and triethanolamine together, utilizing a cost-eﬀective and straightforward one-pot
solvothermal approach without the need for passivation chemicals. Synthesized NCDs were characterized structurally
and optically using TEM, XRD, FT-IR, absorption, and ﬂuorescence spectroscopy. These NCDs were shown to have a
high sensitivity and selectivity for Fe3+ ions in an aqueous
solution with a low detection limit. Moreover, other competing metal ions do not aﬀect the optical property of NCDs.
Additionally, the real-time application of Fe3+ detection
was demonstrated by the quantiﬁcation of Fe3+ in water
samples.

2. Experimental
2.1. Materials. Melamine (99%), triethanolamine (99.5%),
chloroform, methanol, ethanol, and EDTA were purchased
from Sigma Aldrich and used without further puriﬁcation.
Likewise, all the metal salts used for sensing applications
were purchased from Sigma Aldrich and utilized as such.
2.2. Synthesis of NCDs. NCDs were synthesized using melamine and triethanolamine together as precursors for carbon
and nitrogen. Brieﬂy, 500 mg of melamine was dispersed in
20 mL of ethanol using an ultrasonic bath, and 1 mL of
triethanolamine was introduced into the above mixture
and stirred for half an hour on a magnetic stirrer. Then, this
solution mixture was transferred into Teﬂon lined autoclave
and heated at 160°C for four hours. After four hours, the
solution was allowed to cool to room temperature naturally.
The crude product was puriﬁed by silica gel column chromatography with chloroform and methanol as the eluent
(70 : 30), collecting the yellow-green fraction. Finally, the
portion was concentrated to get the black solid (~11 mg).
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The obtained NCDs were redispersed in double distilled
water as per the requirement.
2.3. Characterization. The UV-vis spectrum of the puriﬁed
NCDs and diﬀerent cations was monitored from 200 to
800 nm using Shimadzu 3300 UV-double beam spectrophotometer. FT-IR spectra of the obtained NCDs were recorded
using the Thermo Scientiﬁc Nicolet iS10 ATR-FTIR instrument to get surface functionalization information before
and after sensing of Fe3+. The size, shape, and SAED patterns of NCDs were obtained using an FEI Technai G2-20
twin high-resolution transmission electron microscope
(HRTEM) with an operating acceleration voltage of
200 kV. The sample for HRTEM was prepared by dispersing
and sonicating the NCDs in methanol and then dropping
them on a Cu grid coated with holey carbon ﬁlm and
allowed to dry. XRD pattern was collected using Bruker D8
Advanced eco with Cu Kα = 1:54 Å in the 2θ range of 10 to
90°. Prior to recording the XRD patterns, the instrument
was calibrated with Lanthanum hexaboride (LaB6). Finally,
all the PL measurements including sensing of Fe3+ were carried out using a Hitachi F-2000 spectrophotometer.
2.4. Quantum Yield Measurements. Quantum yield (QY)
was determined using the below equation
ΦS = ΦR

AR ðλR Þn2s I s
,
AS ðλS Þn2R I R

ð1Þ

where ФS and ФR are quantum yields of sample and reference, respectively; AR ðλR Þ and As ðλs Þ are the absorbance
of the reference and sample at excitation wavelengths; nS
and nR are refractive indices of the sample medium and reference medium, respectively; I S and I R are the integrated
ﬂuorescence intensities of sample and reference, respectively. Because of the stable luminescent properties of quinine sulfate (Ф = 54% at 340 nm), this was used as a
reference in 0.1 M H2SO4 to determine the QY of NCDs [22].
2.5. Detection of Metal Ions Using NCDs. To detect metal
ions using NCDs, precursors like Cu(NO3)2, KBr, NaNO2,
MgSO4, MnSO4, H2O, NiCl2.6H2O, PbSO4, SeS2, Sr(NO3)2,
ZnSO4. 7H2O, CaSO4, 2H2O, BaCl2, HgCl2, FeCl2.4H20,
BiOCl, and FeCl3 were used. The ion solution with a concentration of 100 μM was added into 2 mL of predispersed
NCDs solution and recorded the PL spectra immediately.
All the PL spectra were recorded at an excitation wavelength
of 370 nm.

3. Results and Discussion
The solvothermal method was adopted to synthesize NCDs
where melamine and triethanolamine together act as carbon
and nitrogen sources. Upon solvothermal treatment at 160°C
for four hours, the solution turned yellow and emitted
greenish-blue when kept under UV light (Scheme 1).
After puriﬁcation of NCDs by column chromatography
using the eluent mixture of chloroform and methanol
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Scheme 1: Synthesis of NCDs by solvothermal methods.
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Figure 1: (a) and (b) HRTEM images of synthesized NCDs with scale bar 50 nm and (c) SAED pattern of the obtained NCDs.
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Figure 2: (a) UV-vis spectra of puriﬁed NCDs in methanol solution. (b) PL spectra of NCDs under various excitation wavelengths. (c) The
eﬀect of pH on ﬂuorescence intensity of NCDs. All the experiments were carried out in a water medium.
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(70 : 30), the as-prepared sample showed the relative ﬂuorescence quantum yield of 21% using quinine sulfate reference.
The observed high quantum yield was ascribed to nitrogen
doping in the carbon framework [19].
Figure S1 of supplementary information shows the X-ray
diﬀraction pattern of the as-obtained NCDs. From the XRD
pattern, it is clear that a broad peak is centered at 2θ = 26:87°
, which corresponds to (002), due to the highly disordered
graphitic structure associated with NCDs. The weak
diﬀraction peak around 43° is due to the presence of highly
disordered amorphous carbon with a fractional extent of
graphitization [38]. In general, graphitic carbon appears at
26.5°, and the slight shift in diﬀraction angle is due to the
doping of nitrogen into carbon, which resembles more or
less like amorphous carbon nitride [39]. So indirectly, Ndoping was conﬁrmed with XRD results.
FT-IR spectra were used to identify the surface functionalization. Figure S2 of supplementary information depicts
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Figure 3: Zeta potential as a function of pH for NCDs.
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Figure 4: (a) UV-vis spectra of NCDs in the presence of diﬀerent metal ions. (b) UV-vis spectra of NCDs with the gradual increase in the
concentration of Fe3+. (c) PL spectra of NCDs in the presence of various metal ions. (d) Bar diagrams showing selectivity of NCDs towards
Fe3+ sensing. All the experiments were carried out in a water medium.

FT-IR of the synthesized NCDs. FT-IR shows a broad
absorption band at 3323 cm-1 which indicates the presence
of -OH/-NH2 groups. The bands around 2830 and
2943 cm-1 were due to the -C-H stretching, and the strong
band at 1022 cm-1 reveals the presence of -C-O stretching
vibrations. The peak at 1675 cm-1 indicates the stretching
of -C=N/-C=O and -C-H deformation appears around
1450 cm-1. The presence of nitrogen in the NCDs was
evident from FT-IR, and the surface was functionalized
with -OH and -NH2 groups.
High-resolution transmission electron microscopy of the
as-synthesized NCDs were shown in Figures 1(a) and 1(b),
and the selected area diﬀraction patterns (SAED) was shown
in Figure 1(c). It is clear from the HRTEM that the NCDs
were well dispersed, and the size of the dots was in the range

of 5 to 20 nm. The selected area diﬀraction pattern also
reveals the semicrystalline nature of the formed NCDs due
to disordered graphitic structure associated with NCDs
(Figure 1(c)).
The optical properties of the NCDs were studied using a
UV-vis spectrophotometer in double-distilled water
(Figure 2(a)). It is very clear from UV-vis spectra, the band
around 230 nm appeared due to π ⟶ π ∗ transition of aromatic conjugated sp2 domains, the shoulder peak at around
275 nm corresponds to the n ⟶ π ∗ transition of carbonyl
groups, and the broad peak centered at approximately
330 nm indicates the surface state defects induced by nitrogen doping [40]. PL spectra of as-synthesized NCDs at various excitation wavelengths are shown in Figure 2(b) at
diﬀerent excitation wavelengths. The synthesized NCDs
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Figure 5: (a) PL spectra of NCDs with increasing concentration of Fe

3+

exhibit excitation-dependent ﬂuorescence upon increasing
the excitation wavelength from 290 to 410 nm; the PL emission peak shifts gradually from 425 nm to 525 nm. The ﬂuorescence intensity under 370 nm excitation shows a
maximum emission peak at 435 nm among the various excitation wavelengths. In addition, an apparent redshift was
observed with a remarkable decrease in PL intensity when
the excitation wavelength was increased beyond 370 nm.
The excitation-dependent PL spectra were attributed to the
presence of functionalities like (C = O/N, -NH2), which leads
to π∗⟶n transitions of surface states. These phenomena
occur due to doping of nitrogen hetero atom, leading to
defective surface states with a concomitant eﬀect on PL
enhancement.
The eﬀect of pH on the ﬂuorescence emission intensity
of NCDs solution was also evaluated in the range of 1 to
11 (Figure 2(c)). The pH of the NCDs solution was adjusted
to the desired value by adding either 0.1 M HCl or NaOH.
Medium with the pH range of 1-4 has shown a signiﬁcant
reduction in the PL. Whereas neutral or basic pH has caused
a dramatic increase in the PL intensity. This behavior can be
attributed to the diﬀerent degrees of protonation at lower
pH solutions. At lower pH solutions, the primary sites at
the surface of NCDs tend to neutralize, generating a lower
net surface charge which provides the NCDs with hydrophobic and aggregative properties with subsequent aggregation
caused quenching (ACQ) of PL. The NCDs show good PL
behavior in basic environments, and it is found that pH 6
to 11 was the best pH values for the sensing system. To further understand the mechanism of NCDs behavior with different pH, their Zeta potentials were determined in acidic,
neutral, and alkaline conditions. As shown in Figure 3, in
the neutral or basic pH condition, the NCDs showed overall
negative surface potential due to free -OH and -NH2 functional groups, which ensures high colloidal stability due to
electrostatic repulsion between NCDs. As the pH of the solution decreases from 9 to 3, the negative zeta potential tends
to decrease, which is in accordance with our assumption.
The decrease in negative zeta potential is due to the protonation of the surface functional groups. As the pH medium of
NCDs after the puriﬁcation is ~7, there is no need to adjust
the pH of the solution before proceeding to metal sensing.

2

Concentration of Fe3+ (x 10−7 M)

and (b) S-V plot of quenching of NCDs with Fe3+.

3.1. Selectivity of NCDs towards Fe3+ Ions. To ﬁgure out
which metal ions that NCDs can recognize selectively, NCDs
sensing of diﬀerent metals were monitored by changes in
UV-vis and ﬂuorescence spectra in the presence of various
metal ions like K+, Cu2+, Na+, Mg2+, Mn2+, Ni2+, Pb2+,
Se2+, Sr2+, Zn2+, Ca2+, Ba2+, Hg2+, Bi3+, Fe2+, and Fe3+ in
100 μM concentration of each element. It is very clear from
Figure 4(a); no signiﬁcant absorbance changes were
observed except upon the addition of FeCl3. The intensity
of the NCDs absorption peak at around 270 nm showed a
substantial increase over the addition of Fe3+, which provided the preliminary insight about pursuing our experiments towards detecting Fe3+ selectivity of NCDs towards
sensing Fe3+ (Figure 4(b)). Moreover, a linear relationship
was found between the absorption intensity of NCDs and
Fe3+ concentration (Figure S3 of supplementary
information) between 2 μM and 20 μM concentrations.
The ﬂuorescence response of NCDs with various metal
ions (100 μM) was studied at an excitation wavelength of
370 nm. As shown in Figure 4(c), although NCDs exhibit
emission at 435 nm, we observed that there are no signiﬁcant
changes in the ﬂuorescence intensities upon introduction of
diﬀerent metal ions like K+, Cu2+, Na+, Mg2+, Mn2+, Ni2+,
Pb2+, Se2+, Sr2+, Zn2+, Ca2+, Ba2+, Hg2+, Fe2+, and Bi3+. But
over the addition of Fe3+ ions, it was observed that NCDs
suﬀered a signiﬁcant quenching in emission. This experiment revealed that the NCDs are very selective towards sensing Fe3+ ions. The selective sensing of Fe3+ was
demonstrated using the bar diagram in Figure 4(d). This
observation encouraged us to believe that the NCDs could
be used as potential “turn-oﬀ” nanosensors for Fe3+ in an
aqueous medium.
To check the quantitative applicability of NCDs, ﬂuorescence spectrometric titrations were carried out with increasing concentrations of Fe3+. The titration experiment was
performed in the medium of pH 7 using phosphate buﬀer.
Figure 5(a) shows the PL behavior of NCDs with an increasing concentration of 0.2 μM Fe3+ in every step. Upon
increasing the concentration of Fe3+, the emission peak at
435 nm decreases gradually. As the concentration of Fe3+
reached 2 μM, NCDs showed very little ﬂuorescence and
perturbance. From the Stern-Volmer (S-V) curve, the linear
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Figure 6: (a) Anti-interference of NCDs in the presence of Fe (2 μM) and miscellaneous cations (20 μM) at 435 nm. (b) Fluorescence
response time of NCDs over the addition of Fe3+. (c) Photographs of NCDs in the presence of various metals and Fe3+ under a UV lamp
at 365 nm.
3+

regression was found to be y = 0:11x + 0:92. Y and X are Io/I
(where Io and I are ﬂuorescence intensity of NCDs without
and with Fe3+) and the concentration of Fe3+, respectively.
The linear range was displayed for a concentration range
of 0.2 to 2 μM with a 0.9925 correlation coeﬃcient
(Figure 5(b)). The LOD is determined to be 216 nM/L based
on the 3:3 σ/K equation, where σ is the standard deviation
and K is the slope of the calibration curve. The obtained
LOD is signiﬁcantly less compared to that of permissible
levels of WHO for Fe3+ in water (5.36 μmol L-1) [41] and
many recent papers (Table S3 of supplementary
information). The current observation signiﬁes the use of
synthesized NCDs to detect Fe3+ with high selectivity and
sensitivity.

3.2. Interference and Time Dependence. Interference with the
detection of Fe3+ with NCDs by other competitive metal ions
was investigated. As can be seen from Figure 6(a), the presence of other ions did not disturb the sensing of Fe3+, even at
the presence of 10 equivalents, which indicates the high
selectivity of NCDs towards Fe3+. Besides, the probe’s bright
and clear bluish-green emission was completely switched oﬀ
when viewed under the UV light (Figure 6(b)), whereas
other metal ions retained the bluish-green ﬂuorescence.
Besides, the ﬂuorescence response time of NCDs to Fe3+
was monitored by a time-based ﬂuorescence study. As
shown in Figure 6(c), the addition of Fe3+ to NCDs caused
emissions to quench immediately, and it reached the plateau
within 5 seconds. This demonstrates there is an instant

8

Journal of Nanomaterials

120
100
Intensity at 435 nm

Fluorescence intensity (a.u)

120

80
60
40
20

100
80
60
40
20

0
0
400

450

500

550

600

0

2

4
6
Cycles

Wavelength (nm)
NCDs

NCDs+Fe3+

NCDs+Fe3+ +EDTA

NCDs+Fe3+ +EDTA+Fe3+

(a)

8

10

(b)

Figure 7: (a) Fluorescence intensity responses of NCD upon addition of Fe3+ + EDTA. (b) Number of sequential detections of Fe3+ and
EDTA.
3+

3+

reaction between NCDs and Fe . This indicates that Fe
can be detected free of culture time with NCDs, which
may be used in real-time applications.
3.3. Reversibility Study. Reversibility is the essential parameter of the probe for the real-time application and economic
aspect [42]. A fervent complexing agent EDTA has been
added to the NCD-Fe3+ system to validate NCD sensors’
reversibility towards Fe3+. In the beginning, free NCDs show
intense ﬂuorescence, and the addition of Fe3+ almost
completely quenched the emission. Upon the addition of ﬁve
equivalents of Na2-EDTA to the above solution, the emission was immediately registered. As shown in Figure 7(a),
the addition of EDTA to the NCDs and Fe3+ mixture caused
nearly immediate recovery of the ﬂuorescence due to the formation of EDTA + Fe3+ complex and consequent regeneration of previous intensity of free NCDs. The 'ON-OFF-ON'
behavior of the NCDs ﬂuorescence emission at 435nm canbe
repeated around ﬁve times with a slight decrease in the initial emissionintensity (Figure 7(b)). This experiment suggests that adding a cheap and readily available EDTA
ligand to the NCDs results in excellent reusability for the
detection of Fe3+.
3.4. Application of NCDs in Practical Water Analysis. To
determine the practical utility of NCDs, we performed ﬂuorescence detection of Fe3+ using NCDs in water samples collected from various bodies of water throughout the Vellore
district, India. First, water samples were spiked with known
Fe3+ concentrations, and their eﬀect on the ﬂuorescence of
NCDs was determined by recording the emission intensity
at 435 nm. Then, three consecutive measurements were
made to determine the mean Fe3+ detection value. As shown
in Table 1, a satisfactory recovery and relative standard deviation (R.S.D.) were detected with the spiked Fe3+ concentration. These ﬁndings suggest that NCDs can detect Fe3+ with
high selectivity and precise quantiﬁcation.

Table 1: Estimation of Fe3+ ion quantity in collected water samples
using NCDs.
Synod
1
2
3
4
5
6
a

Water
samplesa
Tap
water
Lake
water
Well
water
Mineral
water
Distilled
water
Puriﬁed
water

Fe3+
spiked
(μM)

Fe3+ found Recovery
(μM)
(%)

R.S.Db
(n = 3)
(%)

1 × 10−5

0:93 × 10−5

93

.36

1 × 10−5

0:95 × 10−5

95

0.18

1 × 10−5

0:93 × 10−5

93

0.21

1 × 10−5

0:96 × 10−5

96

0.49

1 × 10−5

0:92 × 10−5

92

0.28

1 × 10−5

0:95 × 10−5

95

0.61

Water samples were collected from throughout the Vellore district, India;
relative standard deviation.

b

3.5. Fluorescence Quenching Mechanism. The ﬂuorescence
quenching of NCDs up on the introduction of Fe3+ may be
explained as follows (Figure 8). When there are no Fe3+ ions,
upon incidence of the light, NCDs captivate energy, and
electrons move from the ground (HOMO) to the excited
(LUMO) state. When the electrons fall back to the ground
state, radiative recombination of electrons and holes results
in ﬂuorescence emission.
As conﬁrmed from FTIR, the surface of NCDs has -NH2
and -OH groups on their surfaces. The relatively high selectivity of the NCDs towards Fe3+ was attributed to the halfﬁlled 3D orbitals, short-range ionic radius, and unique coordinate interaction of Fe3+. Those properties made Fe3+ possess greater binding aﬃnity and quicker chelating kinetics
for hydroxyl, carboxyl, and amino groups on the surface of
N-CDs, which would promote the coordination reaction
between N-CDs and Fe3+. Therefore, when Fe3+ comes in
contact with surface states of NCDs, the ﬁve half-ﬁlled d
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Figure 9: S-V plot for ﬂuorescence quenching of NCDs by Fe3+
ions at diﬀerent temperatures.
Table 2: S-V constant of interaction between NCDs and Fe3+ at
diﬀerent temperatures.
Temperature (°C)

K sv (M-1)

R2

1

25

1:14 × 106

0.9918

2

30

0:82 × 106

0.9994

S. no

where F 0 and F are the ﬂuorescence intensity of the NCDs
before and after the presence of metal ions. K sv is the S-V
constant, and Q is the Quencher concentration. The calibration curve (Figure 5(b)) was obtained from the plot of F 0 /F
versus the concentration of Fe3+, and it exhibits a linear relationship between x and y-axis over the range of 0-2 μM,
which denotes static quenching, resulting in the formation
of a nonﬂuorescent complex formation between Fe3+ and
NCDs. The plausible explanation for the occurrence of static
quenching can be further conﬁrmed by performing the ﬂuorescence sensing experiments at diﬀerent sets of temperatures, i.e., 25°C, 30°C, and 35°C, maintaining optimal
conditions for all other parameters (Figure 9). For each temperature, the S-V calibration curve was drawn. It was noticed
that the value of K sv decreased as the temperature increased
(as shown in Table 2) because raising temperature tends to
reduce the binding interactions result in static quenching.
As a result, the ﬁndings are consistent with a static quenching process.

35°C
0.94146 ± 0.0038
0.06136 ± 4.1529
0.99936

2.4
F0/F

orbitals of Fe3+ take up the excited electron, forming nonradiative recombination, which simultaneously leads to ﬂuorescence quenching shown in Figure 8. This selective
interaction of Fe3+ with NCDs was further conﬁrmed by
FT-IR analysis (Figure S4 of supplementary information).
The NCDs clear vibration peak at 3323 cm-1 arising from
-OH/NH2 functional got diminished over the addition of
Fe3+. Whereas Cu2+ (potential interferant for Fe3+) has
signiﬁcantly less inﬂuence on the FT-IR spectra of NCDs
(Figure S4).
The S-V plot can also explain the ﬂuorescent quenching
mechanism. It denotes the relationship between the ﬂuorescence intensity and the metal ion concentration. In essence,
the quenching mechanisms are two types. One is complexation (static quenching), and another one is collisional deactivation (dynamic quenching). The S-V plot can be used to
verify the preceding mechanism. The general form of the
S-V equation is as follows.

y = a+b⁎x
25°C
30°C
0.92512 ± 0.02 0.96819 ± 0.0050
0.11421 ± 0.02 0.0823 ± 5.36323
0.99188
0.99941

Equation
Plot
Intercept
Slope
R-square (COD)

3

35

6

0:61 × 10

0.9936

4. Conclusion
Nitrogen-doped carbon dots (NCDs) were synthesized successfully by the solvothermal method using melamine and
triethanolamine as carbon/nitrogen precursors with a quantum yield of 21%. Surface functionalization and the presence
of nitrogen were conﬁrmed using FTIR. HRTEM results
revealed that the NCDs were in the range of 5-15 nm. The
excitation-dependent PL nature was observed from PL spectra. PL experiments revealed that the synthesized NCDs
show good potential towards sensitive and selective detection of Fe3+ with a detection limit of 216 nM/L, far less than
WHO permissible limits. Furthermore, a cheap and readily
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available ligand can regenerate the emission from the probe
leading to its excellent reusability. Applicability in the practical water analysis suggests that NCDs can detect Fe3+ with
high selectivity and precise quantiﬁcation.
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