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A B S T R A C T   

Iron is critical to living organisms; excess or lack of iron could lead to a series of diseases. In this work, fluo
rescent carbon dots were developed as an efficient probe for sensitive and selective detection of ferrous ions 
(Fe2+). We reported on simple and one-pot synthesis of uniform, bright, and green fluorescent carbon dots with 
aqueous stability in a wide pH range. The formation of green fluorescence is attributed to the doping of nitrogen 
into carbon materials. The as-synthesized carbon dots demonstrated wavelength-independent emission proper
ties. Fluorescence of carbon dots was quenched efficiently, sensitively and selectively by ferrous ions over a series 
of other common metal ions and anions, with a detection limit of 16 µM, and a wide detection range of 0.033 
-1.044 mM. Efficient quenching of carbon dots could be explained by the efficient binding of ferrous ions on 
carbon dots surface. Aggregation caused quenching was later proposed and verified as the quenching mechanism 
of carbon dots toward ferrous ions. The developed carbon dots show great promise in the development of effi
cient sensors and adsorbents for ferrous ions.   

1. Introduction 

Iron, an important participant in many biological metabolic pro
cesses, is critical to the survival of living organisms [1]. Iron deficiency 
or overload causes several diseases in human beings [2,3]. It is recom
mended to even give infants iron supplements daily or to directly feed 
iron fortified formula, and to screen babies for iron deficiency (anemia) 
[4]. On the other hand, steel corrosion of distribution pipes could lead to 
the metal (iron) contamination in drinking water [5]. This has led to the 
Environmental Protection Agency (EPA) set the secondary standard for 
iron in drinking water as 0.3 mg/L. 

Carbon dots (CDs), also called as carbon nanoparticles, were 
discovered in 2004 accidently via the separation and purification of arc- 
discharged synthesized carbon nanotubes [6]. Since then, carbon dots 
have grown as one novel fluorescent material due to the simple syn
thesis, excellent optical properties, good photo-stability, and 
low-cytotoxicity [7,8]. The optical properties of carbon dots were 
extensively utilized for a variety of applications for sensing, bio-imaging 
and drug-delivery, light-emitting devices, etc. [9]. Taking advantage of 
their fluorescent properties, the detection of a series of targets has been 

achieved, such as, cations, anions, small molecules, macromolecules, 
cells and bacteria [10]. Most carbon dots for sensing show blue fluo
rescence emission colors or longer emissions with low quantum yields 
[11,12]. Active efforts have been reported to obtain carbon dots with 
bright long wavelength emission, and have usually involved complex 
synthesis, toxic components or cumbersome post-synthesis purification 
[13–17]. Here we show simple and one-pot synthesis, systematic char
acterization and application of bright green carbon dots. 

Many research groups reported the detection of ferric (Fe3+) ions 
using fluorescent carbon dots due to the significance of iron, however, 
efficient probes to detect ferrous (Fe2+) ions sensitively and selectively 
was less explored [10,18,19]. As a trace element, ferrous ions play an 
important role in biological and environmental system [20]. Catalyzed 
by ferrous ions, reactive oxygen species are generated and enhance the 
oxidative stress [21–23]. This could induce biochemical signaling pro
cesses and decline in mitochondrial activity, and promote the occur
rence of degenerative diseases. Detection of ferrous ions could also be an 
early diagnosis and prevention of steel corrosion [24]. Monitoring of 
ferrous cations was recently applied for investigating anodic oxidation 
for corrosion processes [25]. Therefore, it is necessary to develop a 
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sensitive, convenient and cheap probe for ferrous iron detection in 
aqueous conditions and organisms, considering the practical 
significance. 

In this work, we reported a simple, one-pot, hydrothermal synthesis 
of green fluorescent carbon dots for sensitive and selective detection of 
ferrous ions. The obtained carbon dots showed excitation-independent 
properties with an emission peak at ~ 510 nm without obvious shift. 
The carbon dots also showed stability at high ionic strength, and pH 
dependent properties. The fluorescence of carbon dots in aqueous so
lutions could be quenched by addition of ferrous ions, with a wide range 
from 0.033 to 1.044 mM, producing an immediate change in intensity. 
The carbon dots also demonstrated good selectivity over a series of other 
cations/anions, and especially ferric ions. The sensing mechanisms were 
explained by the aggregation induced quenching, verified by with sizes 
distribution of CDs upon interactions with iron ions through dynamic 
light scattering (DLS) and aggregated TEM images. The work here pro
vides one potential probe for efficient determination of ferrous ions and 
extends to be used in organisms, for possible bio/chemical sensing ap
plications of ferrous ions, as well as a good adsorbent for ferrous ions. 

2. Experimental 

2.1. Reagents and chemicals 

All reagents and chemicals were of analytical reagent grade or higher 
quality, purchased and used without further purification. m-phenyl
enediamine flakes (99%) and ethylenediamine (≥ 99%) used for the 
synthesis of the CDs were bought from Sigma Aldrich. Metal ions and 
anions for the sensing experiments were obtained from Fisher Chemical, 
Alfa Aesar, Acros Organics, or VWR. Salts were used such as ferrous 
sulfate heptahydrate, iron (III) citrate hydrate, nickle (II) chloride 
hexahydrate, manganese(II) sulfate monohydrate, zinc sulfate hepta
hydrate, magnesium chloride hexahydrate, potassium chloride, ammo
nium chloride and sodium chloride. pH buffer solutions were prepared 
in water using chemicals such as sodium bicarbonate, sodium carbonate, 
sodium phosphate monobasic dihydrate, sodium phosphate dibasic, and 
citric acid supplied from Sigma Aldrich. Ultrapure water (>=18.2 
MΩ⋅cm) was used to prepare solutions if without other notification. 

2.2. Synthesis of fluorescent carbon dots 

80 mg (0.74 mmol) m-phenylenediamine and 44.8 mg (0.74 mmol) 
ethylenediamine were dissolved in 2 mL of water in ambient conditions. 
The solution was transferred into a 20 mL Teflon lined autoclave reactor 
and hydrothermally heated for three hours at 150 ◦C. The CDs solution 
was obtained and then centrifuged at 12,000 rpm for 15 min to remove 
large particles. The supernatants CDs solution were then diluted 500 
times for further sensing studies without further purification. 

2.3. Characterization 

The absorption spectra was recorded on a UV–Vis spectrophotometer 
using a UV-2600 unit by Shimadzu. The florescence emission and exci
tation spectra were obtained using a Cary Eclipse florescence spectro
photometer by Agilent Technologies. A high resolution transmission 
electron microscope (HRTEM, JEOL JEM-2010) at an operating voltage 
of 200 kV was used to observe the morphology and size of the CDs. The 
X-ray diffraction patterns of CDs operating at 40 kV and 40 mA were 
obtained using Bruker D8 XRD instrument. The Fourier transform 
infrared (FTIR) spectra were collected using an IRAffinity-1 Shimadzu 
spectrophotometer with a Miracle single reflection horizontal ATR 
accessory. To collect X-ray photoelectron spectra (XPS) of the samples, a 
Thermo Scientific Nexsa XPS Spectrometer using a monochromatic Al 
Kα X-ray source (1486.6 eV) was employed. A pass energy of 200 eV for 
survey spectra and 50 eV for high resolution spectra were used. Raman 
spectrum of CDs were obtained in Bruker- Senterra II under 633 nm. 

Dynamic light scattering and Zeta potential measurements were per
formed with a Brookhaven Nanobrook Omni analyzer (λ=640 nm). 

2.4. Quantum yield (QY) measurements 

The quantum yield of the fluorescent CDs was calculated using the 
reference fluorophore fluorescein, dissolved in 0.1 M NaOH with a 
known quantum yield of 95%. Utilizing the following equation [12,26]: 

QYC = QYR
FC

FR

ODR

ODC

n2
C

n2
R

(1) 

The subscripts R and C refer to the reference fluorophore and the 
CDs, respectively. QY is the quantum yield, F is integrated florescent 
intensity of the emission peak, OD is the optical density of the samples at 
the excitation wavelength, and n is the refractive index of the solutions. 

2.5. Detection of ions in aqueous solutions 

The concentrations of ferrous ions are correlated with the emission 
fluorescence intensity of CDs, showing that with the addition of Fe2+ the 
CDs exhibit quenching behavior. The CDs were tested against various 
concentrations of ferrous to examine the quenching behavior. 3 mL of 
the diluted CDs in pH 7 buffer solutions (0.01 M) in deionized water 
were added into cuvettes, which were then exposed to incremental ad
ditions of various ions at room temperature. The CDs were excited at 
415 nm over an emission range of 450 nm – 700 nm. Different cations/ 
anions were used instead of ferrous ions for selectivity study. The 
quenching efficiency (QE) was then calculated utilizing the following 
equation: 

QE = (I0 − I)/I0 (2) 

QE is the quenching efficiency, I0 is the initial fluorescence intensity 
at 510 nm without the addition of any analytes, and I is the corre
sponding fluorescence intensity in the presence of various concentra
tions of different ions. 

2.6. Mechanisms studies on fluorescence quenching of carbon dots toward 
ferrous ions 

After addition of ferrous ions into carbon dots solutions, we observed 
the precipitation of carbon dots, probably due to efficient binding of 
ferrous cations onto CDs surfaces. The binding causes aggregation of CDs 
in the solution, which results in fluorescence quenching. In order to 
verify the mechanism of aggregation induced quenching, we measured 
the size distribution of CDs-ferrous mixtures through dynamic light 
scattering and collected TEM images. As a control, we conducted ex
periments using carbon dots and ferric ions mixtures. 

3. Results and discussions 

3.1. Characterization of carbon dots 

High resolution transmission electron microscope was used to image 
the size and morphology of formed dots. Well-dispersed uniform carbon 
dots were observed, with diameters in the range of 3.5 ± 0.7 nm 
(Fig. 1A). The size distribution of these nanodots is presented in Fig. 1B. 
From the HRTEM images, carbon dots particles were observed to be 
amporphous, and few particles possessed well-resolved lattice fringes. 
Dynamic light scattering results also gave the size distribution of carbon 
dots in aqueous solutions, with the size of ~ 4.1 nm (Figure S1), which 
are consistent with TEM results. As shown in Fig. 1C, the CDs exhibited a 
broad diffraction peak at 2θ = 20◦, which matched to the (002) plane of 
the graphite structure, indicating the carbon crystals was small and had 
a disordered lattice arrangement to some extent [27]. Raman spectra of 
CDs were obtained, while D-band (~ 1340 cm−1) or G-band (~ 1560 

A. McEnroe et al.                                                                                                                                                                                                                               



Talanta Open 7 (2023) 100236

3

cm−1) were observed (Fig. 1D), suggesting disordered structures and 
graphitic structures, respectively of carbon materials [17]. A high ratio 
of ID/IG of about 1.35 and amorphous structures of carbon dots could be 

related to the red shift of CDs emissions and formation of green emis
sions [28]. 

FTIR was applied to characterize the composition and functional 

Fig. 1. A) HR-TEM images of obtained carbon dots. B) Size distribution of carbon dots from TEM graph. C) XRD pattern of the obtained carbon dots; D) Raman 
spectrum of the carbon dots. 

Fig. 2. FTIR and XPS spectra of carbon dots. A) FTIR spectrum of the synthesized carbon dots; B-D) XPS spectra of the carbon dots. B) XPS survey spectrum. High 
resolution XPS spectra of the C 1 s (C), N 1 s (D) and O 1 s (E) lines, in black, including their fitted peaks. 
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groups of carbon dots. As shown in Fig. 2A, a broad peak at 3365 cm−1 

corresponds to the stretching vibrations of N–H groups and O–H 
groups. A peak at 2954 cm−1 is corresponding to C–H groups, and peaks 
at 1604 cm−1 and at 1497 cm−1 are attributed to the stretching vibration 
of C = C [3,17]. A peak at 1397 cm−1 corresponds to C–NH–C groups, 
and peaks at 1195 cm−1, 1072 cm−1 and 1010 cm−1 can be assigned to 
C–N/C–O groups. The stretching vibration of N–H groups can be 
found at 900 cm−1 [29]. The results indicate the presence of NH2 groups 
on the carbon dots surface, which may endow a positive charge to the 
carbon dots, and this was further verified by Zeta potential of the carbon 
dots as 9.32 mV. The zeta potential also suggests the stability of carbon 
dots. 

X-ray photoelectron spectroscopy (XPS) analysis was further used to 
investigate the surface of the carbon dots. The XPS survey spectrum of 
the carbon dots is presented in Fig. 2B, showing the carbon dots are 
mainly composed of carbon (78.41%), nitrogen (14.36%) and oxygen 
(7.23%). The presence of oxygen in the carbon dots is not surprising, 
probably due to the solvent or an environmental effect. Similarly, the 
presence of oxygen in the carbon dots was observed even using pre
cursors without oxygen [15]. The high resolution C1s spectrum was 
collected and shown in Fig. 2C. The spectrum exhibits 3 main peaks, the 
binding energy peaks at 283.9 eV, 284.6 eV and 287.0 eV, which could 
be assigned to carbon in the form of C-C, C-N, and C-O, respectively 
[30]. Graphite-like, pyridinic/pyrrolic-like and N–H groups could be 
assigned by the high resolution N1s spectrum (Fig. 2D) at 400.6 eV, 
399.1 eV, and 398.3 eV. High resolution O1s spectrum (Fig. 2E) in
dicates the presence of C–O and O–H groups. This verifies that the 
successful formation of nitrogen doped carbon dots. 

3.2. Optical properties of carbon dots 

m-phenylenediamine and ethylenediamine condensation reactions 
under hydrothermal conditions formed the green fluorescent carbon 
dots. The green fluorescence was attributed to the doping of nitrogen 
into carbon nanoparticles. In order to verify the effect of nitrogen doping 
for formation of green fluorescence of carbon dots, we prepared carbon 
dots using m-phenylenediamine as a single precursor at similar hydro
thermal conditions. We found blue fluorescence of carbon dots were 
generated (Supplementary Figure S2), and the results were consistent 
with the previous report, where using m-phenylenediamine as a single 
precursor in hydrothermal conditions for creating blue fluorescent car
bon dots [15]. Therefore, using dual precursors of m-phenlenediamine 
and ethylenediamines generated green fluorescent carbon dots, and the 
use of ethylenediamine promoted shifting carbon dots emissions into 
longer wavelength. 

Absorption spectra at ~ 290 nm, corresponding to the π-π* 

transitions of C = C and C = N bonds, in the aromatic rings, which does 
not typically generate fluorescence. However, in the lower-energy re
gion, the peak at ~ 410 nm were also observed, indicated the extended 
conjugation (aromatic) structures or presence of surface states. The 
fluorescence emission spectra excited at 415 nm is shown in Fig. 3A, and 
an emission peak at ~ 510 nm was observed, indicating the formation of 
green fluorescent carbon dots. Consistent with the green emission color 
of carbon dots in solution under UV (365 nm) irradiation, and the inset 
of Fig. 3 shows the images of carbon dots solutions with pale yellow and 
green colors under visible light and 365 nm light, respectively. An 
excitation spectrum of the carbon dots using emission wavelength of 
510 nm was obtained, and several peaks at ~ 415 nm and 260 nm, are 
similar to that of the absorption spectrum of the carbon dots, showing 
the presence of two major chromophores in carbon dots. Quantum yield 
of carbon dots in water as high as 22.5% was obtained using Eq. (1) 
(detail in Supplementary Figure S3), which is higher than or comparable 
to previous reported green fluorescent carbon dots [11,15,31-33]. 

Contrary to many other reported CDs, the emission peak of our CDs 
did not shift noticeably when excitation wavelength changed, and 
emission peaks centered at ~ 510 nm were observed (Fig. 3B), which is 
consistent with the emission photos with green colors under varying 
excitation wavelengths (Figure S4 in the supporting information). The 
excitation-independent emission properties could be attributed to the 
uniformity of the as-synthesized carbon dots and less defects on the 
carbon dots surface. The photoluminescence emission clearly originated 
from the absorption in the lower-energy region, and the excitation at 
415 nm generated the highest fluorescence intensity, which are consis
tent with the peak in the excitation and absorption spectra. The mini
mum fluorescence was observed when excited at shorter wavelengths 
(Supplementary Figure S5, Excited from 255 – 335 nm). 

The emission properties of the carbon dots diluted in pH buffer so
lutions was investigated and the fluorescent intensities vs pH are shown 
in Fig. 4A. In strong acidic conditions (pH 3–5), the fluorescence in
tensity increased with increasing pH of solutions, further increase of pH 
(5–11), the CDs emission intensity did not change obviously. The ob
tained carbon dots showed pH dependent properties only in acidic en
vironments, but no obvious change in basic conditions, which are 
different from our previous reports [11,12]. The amines on the surface 
serve as Lewis base, reacted with acid to form ammonium salt and affect 
the surface state of carbon dots, and thus the fluorescence was quenched 
in strong acidic conditions. In addition, the stability of carbon dots in 
presence of various concentrations of NaCl was studied, and fluores
cence intensity remains almost unchanged from 0 to 2 molar concen
trations (Fig. 4B). The high stability of carbon dots in aqueous solutions 
is attributed to the functional groups on the surface and the mild posi
tively charge (Zeta potential of 9.32 mV). The results suggests the 

Fig. 3. A) Normalized UV–vis absorption, excitation and emission spectra of the carbon dots in aqueous solution. B) Emission spectra of the carbon dots solution with 
varying excitation wavelengths over the range of 345 nm – 455 nm. 
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obtained carbon dots could be potentially used for pH sensing and in 
high ionic conditions. 

3.3. Detection of ferrous ions in aqueous solution 

It is essential to detect ferrous ions in aqueous solution due to the 
important and practical relevance in health and the environment. We 
firstly conducted the fluorescence titration experiments by incremental 
addition of ferrous solutions in the CDs solution and then collected the 
fluorescence spectra in presence of various concentrations of ferrous 
ions. As presented in Fig. 5A, the fluorescence intensities gradually 
quenched as the ferrous concentrations increased. The limit of detection 
to ferrous ions could be reached at 16 µM, by using the 3σ/k, where σ is 
the standard deviation and k is the slope. 

The quenching results could be quantitatively explained by the 
Stern-Volmer equation: 

I0/I = 1 + KSV [A] (3) 

I0 is the initial fluorescence intensity at 510 nm, I is the corre
sponding intensity in presence of ferrous analyte, [A] is the molar con
centration of the analyte, and KSV in M-1 is the quenching constant. A 
non-linear fitting could be observed, even in a low concentration range, 
a good linear fitting can’t be obtained (Fig. 5B). A non-linear behavior 
could be due to the presence of both static quenching and dynamic 
quenching [26]. As shown in Fig. 5B, a modified Stern-Volmer equation 
can be used as follows, 

I0/I = (1 + KS[A])(1 + KD[A]) (4)  

where KS and KD are the Stern-Volmer constants for the static and dy
namic quenching, respectively. Thus a second order polynomial was 
used to fit the quenching results. We found the results could be fitted for 
the equation very well. Therefore, both static quenching and dynamic 
quenching are responsible for the CDs fluorescence quenching induced 
by ferrous cations. 

For a reliable sensor, not only good sensitivity, but also having high 
selectivity to the analyte is necessary and essential in real applications. 
We then investigated the quenching performance by a series of common 
metal ions and anions. It was found under the same concentration of 
0.506 mM, quenching efficiency by Fe2+ reached nearly 50%, which was 
around or greater than 10 times of quenching efficiency induced by a 
series of other cations or anions (Fig. 6A). Especially, the developed 
carbon dots probe showed good selectivity to ferrous over ferric ions. 
Unlike many reported carbon dots for ferric iron and/or total iron 
detection (as shown in Table 1), the monitoring of ferrous ions by using 
fluorescent carbon dots are much less explored, and among these very 
few ones achieved ferrous ions detection with good selectivity over 
ferric ions. Our current work thus represents one of few studies that 
achieved ferrous detection with good sensitivity, high selectivity and a 
broad detection range. Moreover, almost all the carbon dots utilized for 
iron detection with blue fluorescence, which limits the applications in 
organisms due to the well-known auto-fluorescence. 

In addition, the detection of ferrous in real water using fluorescent 

Fig. 4. A) pH and B) salt effect on the fluorescent intensity of the carbon dots in aqueous solutions.  

Fig. 5. A) Fluorescence spectra of the carbon dots upon addition of various ferrous concentrations in aqueous solutions. B) Stern-Volmer plot for carbon dots 
fluorescence quenching by Fe2+, and the fitting with a quadratic equation. 
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carbon dots was studied. Fig. 6B depicts the comparison of the 
quenching efficiencies of Fe2+at 0.506 mM to the fluorescence emission 
of diluted carbon dots in pH 7 buffer in DI water, and spiked in tap water 
(RIT) and river water (Genesee River, Rochester, NY). As expected, the 
quenching efficiencies of ferrous in DI water and real water from two 
different source are nearly overlapped. The differences are less than 6%, 
which suggests that the matrix effect of real water is negligible. This 
result indicates that the as-synthesized carbon dot is a good candidate 
for real sensing applications. 

3.4. Quenching mechanism of CDs toward ferrous ions (Fe2+) 

When we gradually added Fe2+ cations into carbon dots solutions for 
titration experiments, we noticed clear precipitation formed in the so
lution (Supplementary Figure S6). No similar phenomena was observed 
for other cations. The presence of Fe2+ results in a change of CDs’ surface 
chemistry via efficient chelation, due to the coordinate bond formation 
between ferrous ions and N atoms in functional groups on the surface of 
CDs [40,41]. We propose Fe2+ inducing aggregation of carbon dots re
sults in fluorescence quenching. 

In order to verify the aggregation of CDs in presence of Fe2+, DLS was 
performed to measure the particle sizes [35]. Upon interaction of CDs 
with 196 µM of Fe2+, the mean particle size was determined to be ~ 200 
nm (Fig. 7). In addition, in the CDs-Fe2+ mixture, there was a tail of 
much larger particles with ~ 860 nm, consistent with the formation of 
large visible particles. We also observed aggregated CDs upon interac
tion with ferrous ions in the HR-TEM images (Supplementary Figure S7). 
The results supports that the fluorescence quenching may be mainly due 
to the aggregation of particles and formation of a weak-binding 
nonfluorescent complex between Fe2+ ions and CDs [42,43]. When 
Fe3+ was added into carbon dots solution, we didn’t see clear visible 
precipitation. The size distribution of CDs with 196 µM of Fe3+ was 
measured through DLS, and the average hydrodynamic diameter of 

carbon dots increased to 5.8 nm with a very small extent from ~ 4.1 nm 
of pure CDs. This shows no significant aggregations between CDs and 
Fe3+, and explains well the good selectivity of CDs probe toward Fe2+

over Fe3+. The results indicate that a high amount of ferrous cations 
bounded to carbon dots surfaces and precipitated out. The observations 
also suggest that CDs could adsorb Fe2+ efficiently due to the special 
functional groups on the surface. The obtained carbon dots could thus be 
developed as one chemical probe to detect ferrous cations and one 
efficient and potential adsorbent to remove ferrous ions in the envi
ronment simultaneously. 

Fig. 6. A) Fluorescence quenching efficiency for the carbon dot sensor upon addition of 0.506 mM of different cations and anions, showing good selectivity toward 
ferrous ions. B) Fluorescence quenching efficiency for the carbon dots in buffer solution and real water with spiked 0.506 mM of ferrous ions. 

Table 1 
Recent reports on carbon dots probe for ferrous detection and their properties.  

Ref. CDs color Limit of detection Detection range Selectivity Quantum yield 

[34], 2016 blue 20 nM 0–32 µM No 10% 
[35], 2017 blue/green 60 nM 0.5 – 2 µM YES 2.3% 
[36], 2018 blue 21.9 µM 10–50 µM Yes 11% 
[2], 2019 blue 160 nM 0–300 µM No 12.2% 
[20], 2020 blue 14 µM 25–500 µM N.A. N.A. 
[37], 2020 Blue 17 nM 0.05–1.5 µM No 16.8% 
[38], 2020 Blue 11 µM 9–60 µM N.A. 18.2% 
[39], 2020 yellow 2.97 µM 15–50 µM No 25.3% 
[27], 2020 blue 51 nM 10–100 µM No N.A. 
[19], 2022 blue 0.7 µM 0–50 µM Yes N.A. 
This study green 16 µM 0.033–1.044 mM Yes 22.5%  

Fig. 7. Sensing mechanism of CDs towards ferrous ions. The histogram of DLS 
spectra of particle size distributions for CDs, CDs-Fe2+, and CDs-Fe3+ (with the 
iron concentration of 196 µM). 
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4. Conclusions 

Through simple one-pot hydrothermal synthesis, we obtained 
nitrogen-doped uniform fluorescent carbon dots. This process generated 
bright green fluorescence centered at 510 nm for its emission spectra 
and possessed a 25.5% quantum yield. The carbon dots showed excita
tion independent emission properties and good aqueous stability in a 
wide range of pH and strong ionic conditions. The fluorescence signals of 
carbon dots could be significantly quenched with the addition of Fe2+, 
thus the CDs could serve as an efficient probe for ferrous ions detection. 
In addition, the carbon dots showed good selectivity to Fe2+ detection 
over a series of other ions (especially ferric). The quenching behavior is 
attributed to efficient binding of ferrous ions on CDs surface, and further 
aggregation of carbon dots. The aggregation induced quenching was 
verified by the size distribution of CDs and aggregated ones upon 
interaction with iron cations. The as-synthesized carbon dots provide 
high potential in use as an efficient probe for ferrous detection and as a 
good adsorbent for removal of the ferrous cation in the environment. 
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