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ABSTRACT
Background:
Graphene quantum dots (GQDs), a novel type of graphene nanomaterial, have attracted tremendous attention. Much better performance of application of functionalize GQDs in ions detection have been proved.
Here, we propose a rapid and facile strategy to detect
Fe3+ ions by sulfonic graphene quantum dots (sulfonic
-GQDs).
Methods:
The sulfonic-GQDs were synthesized by a modified
hydrothermal molecular fusion method. The procedures for detection of Fe3+ ions were described con-

cretely in the main text, and the fluorescence quenching principle was also performed. Results were expressed as mean ± standard deviation (SD).
Results:
It was observed that the Fe3+ ions could efficiently
quench the fluorescence of sulfonic-GQDs. With the
optimized conditions, the sulfonic-GQDs exhibit high
sensitivity and selectivity for fluorescence probe to
detect the Fe3+ ions with the calibration curve displays
linear regions over the range of 5-100 μM and a detection limit of 407 nM. In addition, sulfonic-GQDs fluorescent probe show very good selectivity of the Fe3+
ions detection. There is no obvious interference with
detect of Fe3+ ions when in the simulated complex sys-
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tem with the existence of the other common metal
ions. The possible fluorescence quenching mechanism
between Fe3+ ions and sulfonic-GQDs were discussed.
The experimental results indicate that the interaction
between Fe3+ ions and sulfonic-GQDs is dominated by
static quenching process.
Conclusion:
The sulfonic-GQDs with high chemical and photo stability are in a very good biocompatibility which shows
great promising applications in the environment water
sample analysis, food analysis and clinical diagnosis.

Key words: Fe3+ ions, Sulfonic-GQDs, Detection,
Fluorescence quenching mechanism
1. INTRODUCTION
Fe3+ ions is an essential trace element in biological
system[1] and food products[2]. Moreover, as industrial and other anthropogenic processes, heavy metal
ion pollution has been constantly valued because of
severe risks in human health and the environment evolution in recent years[3]. It plays a crucial role in
many biological processes because of its wide existence in electron transport, oxygen transport and as a
catalyst in oxido-reductase reactions[4, 5]. Both deficiency and excess can cause biological toxicity, such
as cellular homeostasis and metabolism[6, 7]. Fe3+
ions has been connected with serious diseases, including Huntington’s, Parkinson’s and Alzheimer’s disease[7].
At present, several analytical techniques have
been used for determination of trace amounts of Fe3+
ions, such as voltammetry[8], spectrophotometry[911], atomic absorption spectrometry[12], and inductively coupled plasma mass spectrometry (ICP-MS)
[13], etc. However, these instrumental techniques require sophisticated instrumentation and tedious sample
preparation procedures, which limit the practical applications in routine Fe3+ ions detection. Recently, the
fluorescent Fe3+ ions sensors have become particularly
attractive due to their high sensitivity, great simplicity,
easy monitoring, and rapid response, providing a better choice for the detection of Fe3+ ions. The sensors
can bind to Fe3+ ions and form various composites, and
thus changes the fluorescence values[14, 15]. Several

reported[16-21] fluorescence (FL) probes are poisonous, biologically incompatible, and water-insoluble,
which greatly limited the application of detection of
Fe3+ ions. Therefore, new novel FL probes with easy
preparation procedure, low cytotoxicity, high water
solubility, high sensitivity and selectivity for Fe3+ ions
measurement is of vital importance.
Graphene quantum dots (GQDs), a novel type
of graphene nanomaterial, have attracted tremendous
attention because of their chemical inertness, high and
stable photoluminescence (PL), good dispersibility in
water, tunable surface functionalization, excellent biocompatibility and environmentally-friendly characteristics [22-24]. On the basis of these unique properties,
various GQDs-based fluorescent probes have emerged
as potential candidates to be applied in biological application and chemical analysis[23-28]. Much better
performance of application of functionalize GQDs in
ions detection have been proved[22, 23, 29, 30]. Several successful examples have been reported to determine some ions, such as Eu3+[31], Hg2+[32], Cu2+
[33]，Fe3+[3, 14, 15] and Cl−[34] by FL intensity
changes of functionalized GQDs. Rhodaminefunctionalized graphene quantum dots were used to
detect Fe3+ ions in cancer stem cells with the detection
limits as low as 0.02 μM[15]. Nitrogen-doped graphene quantum dots fluorescence probe shows a sensitive response to Fe3+ ions in a wide concentration
range of 1-1945μM with a detection limit of 90 nM
[14]. However, cost-effective, time-efficient, and process-simple methods for the preparation of GQDs for
selective sensing are still urgently needed[3].In this
paper, we present a simple, economical, and green
method for detection of Fe3+ ions based on sulfonicfunctionalized graphene quantum dots (sulfonicGQDs) by a hydrothermal molecular fusion method
[22] and it can be easily mass produced. The sulfonicGQDs exhibited sufficient water solubility and excellent FL properties. Meanwhile, a label-free sensing
platform based on the as-prepared sulfonic-GQDs
have been developed and showed a sensitive response
to Fe3+ ions in the concentration range of 5-100 μM
with a detection limit of 407 nM. The results indicate
that the detection system with the sulfonic-GQDs-Fe3+
have good selectivity in the simulated complex system
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of environment which show a hopeful future for the
application of sulfonic-GQDs as sensing platform in
environmental systems and other biological samples.
Furthermore, the FL quenching mechanism was studied by the UV-vis absorbance analysis, and time correlated single photon counting (TCSPC) experiments.
Based on the results we deduce that the quenching
mechanism of the sulfonic-GQDs-Fe3+ ions detection
system is to be predominantly by the static rather than
dynamic type.
2. MATERIALS AND METHODS
2.1. Materials and Reagents
All reagents used in this work are analytical reagent
grade and commercially available. Pyrene, sodium
sulfite, tris(hydroxymethyl)aminomethane, nitric acid
and hydrochloric acid was purchased from Sinopharm
Chemical Reagent Co. Ltd. Solutions of Fe3+, K+,
Ca2+, Na+, Mg2+, Zn2+, Cu2+, Co2+, Mn2+ ions were prepared from their chloride salts. And all aqueous solutions were prepared with distilled water produced by a
Milli-Q system (R > 18.1 MΩ cm).

2.3. Synthesis of sulfonic-GQDs
The sulfonic-GQDs were synthesized by a modified
hydrothermal molecular fusion method established by
us[22]. Briefly, pyrene (1g, TCI, purity 98%) was nitrated into 1, 3, 6- trinitropyrene in hot HNO3 (50 ml)
at 80 °C under reflux with vigorous stirring for 24 h.
After cooled to room temperature, the mixture was
diluted with deionized (DI) water and filtered through
a 0.22 μm microporous membrane (TOPTION, M5022-F Microporous Membrane) to remove the redundant acid. The resultant yellow 1, 3, 6- trinitropyrene
was dispersed in an Na2SO3 solution of DI water
(100ml, 0.5 M) under stirring for 0.5 h. The suspension was transferred to a poly (tetrafluoroethylene)
lined autoclave and heated at 200 °C for 12 h. After
being cooled to room temperature, the product containing water-soluble sulfonic-GQDs was dialyzed in a
dialysis bag (retained molecular weight: 3,500 Da) for
2 days to remove sodium salt and unfused small molecules and dried at 80 °C for quantification.
The QY of the as-synthesized sulfonic-GQDs
was calculated by measuring the fluorescence intensity
in aqueous dispersion based on quinine sulfate as a
standard following equation:

2.2. Instrumentation
The morphology and structure of sulfonic-GQDs were
investigated using high resolution transmission electron microscopy (HRTEM, JEM-2010F, Japan) and
transmission electron microscopy (TEM, JEM-200CX,
JEOL, Japan). The size distribution of sulfonic-GDQs
were computed using software (ImageJ) based on the
size information of more than 400 particles in the images. All steady state UV/Vis absorption and FL spectra measurements were carried out with a Hitachi 3100
spectrophotometer (Tokyo, Japan) and Hitachi F-7000
FL spectrophotometer (Tokyo, Japan) using a 1 cm
path length quartz cell at room temperature. The Fourier transform infrared spectroscopy (FT-IR) spectrum
was performed on an AVATAR 370(Nicolet, USA)
spectrometer. The hydrate particle sizes of Fe3+, sulfonic-GQDs and sulfonic-GQDs+Fe3+composite were
measured on a Nanosizer (Zetasizer 3000 HS, Malvern, UK).

where Q is the quantum yield, I is the measured intensity of luminescent spectra, A is the optical density at
excitation wavelength and the subscript “qs” refers to
the standard with a known quantum yield QY using
quinine sulfate in 0.05 M sulfuric acid solution
(literature QY 0.54 at 310 nm), and “x” refers to the
sample. In order to minimize reabsorption effects, absorbance in the 10 mm fluorescence ---cuvette were
kept under 0.05 at the excitation wavelength (365 nm).
2.4. Procedures for detection of Fe3+ ions
Stock standard solutions 10 mM Fe3+ was prepared by
dissolving an appropriate amount of FeCl3·6H2O in
Tris-HCl (20 mM, pH = 7.0) buffer solution adjusting
the volume to 10.0 mL in a volumetric flask at room
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temperature. It was further diluted to 1 × 10−3 to 1 ×
10−5 M stepwise. In a typical run, 2 mL Tris-HCl buffer solution of sulfonic-GQDs (20 mg∙mL-1) was added
in a centrifuge tube (5 mL) and then 2 mL various
concentrations of Fe3+ ions were added. The solution
was mixed thoroughly by a vortex generator and incubated at room temperature for 10 min before FL spectral measurements. All the FL detections were conducted under the same conditions and the emission
wavelength was recorded within the range of 380–650
nm with a fixed excitation wavelength of 368 nm. The
interfering effects of other metal ions and food additives were investigated individually.
2.5. Fluorescence quenching principle
All FL spectra were recorded on the F-7000 spectrophotometer by fitting the excitation wavelengths at
368 nm with thermostatic water bath. The reported FL
quenching mechanism usually includes collisional
process (dynamic quenching) and/or ground state
complex formation (static quenching) between
quencher and fluorophore that can be easily distinguished by lifetime measurements. Since the life-time
of the fluorophore is unperturbed by the static quenching, when it is τ0/τ = 1, τ0 and τ are the lifetime of the
fluorophore in the absence and presence of the
quenchers, respectively.

-Keuls test. A value of p < 0.05 was considered statistically significant.
3.RESULTS AND DISCUSSION
3.1. Characterizations
The morphology and structure of the as-prepared sulfonic-GQDs under the hydrothermal molecular fusion
synthesis conditions were investigated by TEM and
HRTEM. Figure 1a shows the TEM images of the
GQDs dispersed in water. As displayed from the TEM
image, their diameters were mainly distributed in the
narrow range of 2–4 nm with an average size of 2.8
nm (Figure 1b), suggesting that the as-prepared sulfonic-GQDs were uniformly arranged. The high resolution HRTEM image (inset of Figure 1a) indicates
the sulfonic-GQDs are almost defect-free graphene
single crystals with a spacing of 0.22 nm corresponding to that of graphene planes[35].

2.6. Cell cytotoxicity assay
The cytotoxicity of sulfonic-GQDs towards GES-1
cells was evaluated by the CCK-8 method. The GES-1
cells were seeded into 96 wells culture plate and then
incubated overnight in an incubator. After the culture
medium was removed, GQDs with different concentrations were added into each well. Cells were then
allowed to incubate for another 24 h. Then, CCK-8
(10 ml per well) solution was added in each well and
incubated at 37 °C for 1 h. The absorbance was measured at 450 nm by the Enzyme standard instrument.
2.7. Statistical analysis
Results were expressed as mean ± standard deviation
(SD). Comparisons among the groups were evaluated
by t-test or ANOVA followed by the Student-Newman

Figure 1. (a) TEM image of the as-prepared sulfonicGQDs, Scale bar: 20 nm, the inset is the HRTEM image. (b) Size distribution of sulfonic-GQDs. (c) Photographs of aqueous colloids of sulfonic-GQDs be synthesized by mass production. (d) The FT-IR spectra
of sulfonic-GQDs.
The systhesis systems of sulfonic-GQDs can be
mass produced with high quantum yield (QY. Figure
1c shows that the picture of aqueous colloids of sulfonic-GQDs under sunsight and a 365 nm UV lamp.
The QY of GQDs was measured to be 45.7%, rendering them highly sensitive fluorescent probes (<15% in
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most cases[36, 37]). The functional groups on the surface of the as-prepared sulfonic-GQDs were identified
by FT-IR spectroscopy. Figure 1d shows that the absorption of asymmetric and symmetric stretching vibration of SO-3 at 1128 and 1045 cm-1, C=C at 1633
cm-1, C-OH at 1376 cm-1 and O-H at 3454 cm-1. The
results of FT-IR indicate that the sulfonic-GQDs are
rich in sulfonic and hydroxyl groups on their surfaces.
These functional groups improved the hydrophilicity
and stability of the sulfonic-GQDs in an aqueous system.
The results of UV-vis absorption and PL emission spectra of sulfonic-GQDs dispersed in aqueous
solution are shown in Figure 2a. A typical UV-Vis
spectrum exhibited three pronounced excitonic absorp-

tion bands at ca. 244, 290 and 374 nm which were assigned to the π–π* transition of aromatic C=C sp2 domains[3, 38]. Moreover, sulfonic-GQDs had the maximum FL emission (Em) wavelengths at 472 nm on the
excitation of 368 nm, and the FL excitation (Ex) spectrum shows peak at 296 and 379 nm with the corresponding excitonic absorption bands, suggesting that
the emission is characterized by band edge excitonstate decay rather than defect-state decay[35]. As show
in the inset of Figure 2a, a blue-green luminescence of
sulfonic-GQDs solution were irradiated by a 365 nm
UV lamp. The emission peak of sulfonic-GQDs was
shifted to longer wavelengths with the excitation
wavelength changed from 350 to 460 nm which means
sulfonic-GQDs exhibit an excitation-dependent luminescent behavior (Figure 2b)[39].

Figure 2. (a) UV-vis absorption, FL emission (Em) and excitation (Ex) spectra of sulfonic-GQDs. The inset
shows the photographs of aqueous dispersions of sulfonic-GQDs under day light (left) and UV (365 nm) illumination (right). (b) PL spectra of 20 mg∙mL-1 sulfonic-GQD solution under different excitation wavelength.

3.2. Optimization of sensing conditions
In order to obtain the best performance for Fe3+ ions
assay, the following optimization experiments were
performed to gain the most appropriate conditions.
3.2.1. Optimal reaction temperature and time
The most optimal reaction temperature and time were
selected by exploring the FL stability of sulfonicGQDs before and after adding the Fe3+ ions under a
Xe lamp at different temperatures and times. As
shown in Figure 3a, the degree of quenching decreased as the temperature increased. The linear relationship between fluorescence and quencher was best

at 25 °C after further temperature-change study, while
25 °C was considered to be the best temperature for
Fe3+ detection (Figure 3c and Table. 1). In addition,
we studied the dynamics of the reaction at 25 °C to
optimize the reaction time for detection of Fe3+ ions,
as shown in Figure 3b. At this temperature, the
quenching process was completed in under 10 min.
This level of quenching was maintained for 60 min
and no loss of fluorescence was observed in the control sample. This result shows that sulfonic-GQDs had
excellent photostability. In sum, 25 °C and 10 min
were selected as the optimal reaction temperature and
reaction time for sulfonic-GQDs and Fe3+ ions, respectively.
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Figure 3. Optimization sensing conditions of temperature and time. (a) FL intensity of sulfonic-GQDs and sulfonic-GQDs with Fe3+ at different temperatures. Insert: The curve of the fluorescence quenching values F 0-F vs
Fe3+ at various temperature. F0 and F represent the FL intensities of sulfonic-GQDs at 472 nm in the absence
and presence of Fe3+ ions, respectively. (b) Photostability measurement of sulfonic-GQDs and sulfonic-GQDs
with Fe3+ at different time points. Insert: The curve of the fluorescence quenching values F 0-F vs Fe3+ at various time points. F0 and F represent the FL intensities of sulfonic-GQDs at 472 nm in the absence and presence
of Fe3+ ions, respectively. (c) The plots of Stern–Volmer equation at three different temperatures.
Table. 1. Sulfonic-GQDs detection Fe3+ under the three temperatures, correlation coefficient R2.
System
SulfonicGQDs-Fe3+

T
( C)
10
25
40
o

The equation for linear
regression
F0/F=1.0093+0.0021C
F0/F=1.0033+0.0025C
F0/F=1.0005+0.0026C

3.2.2. Effect of pH and buffer
In order to achieve the best performance for Fe3+ ions
assay, different pH values and reacting buffers were
studied and optimized. Figure 4a shows that varying
pH values from 7.0 to 9.0 had little effect on the initial
FL intensity of sulfonic-GQDs, while distinct changes
occurred in the system of sulfonic-GQDs with Fe3+
ions. This result indicated that the control of pH value

R2
0.9875
0.9994
0.9871

plays crucial role in Fe3+ ions detection and had great
quenching effect in neutral media than others. Obviously, as show in Figure 4b, the quenching efficiency
of sulfonic-GQDs under different reacting buffer (Tris
-HCl buffer, PBS buffer and HEPEs buffer) was quite
different. The highest quenching efficiency was detected in Tris-HCl buffer (20 mM, pH=7.0), suggesting that Tric-HCl buffer was the most suitable for the
proposed strategy.

Figure 4. Optimization sensing conditions of (a) FL intensity of sulfonic-GQDs and sulfonic-GQDs with Fe3+
under different pH values, (b) FL intensity of Sulfonic-GQDs and sulfonic-GQDs with Fe3+ under in three types
of buffer.
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3.3. Sensitivity and selectivity study of Fe3+ ions detection

Scheme. 1. Fluorescence quenching mechanism of the sulfonic-GQDs in the presence of Fe3+ ions.
The previous studies[38, 40] indicated that use of
GQDs or carbon dots to detect Fe3+ based on the specific coordination between chemical group and Fe3+
ions. Given the special covalent binding between Fe3+
ions and sulfonic, exploration was begun into the feasibility of the sulfonic-GQDs FL response to Fe3+
ions. The proposed detection system can coordinate
with chemical groups on the edge of sulfonic-GQDs
with Fe 3+ and induce the FL intensity change
(Scheme.1). All FL detection experiments were conducted under the optimal conditions and the emission
wavelength was recorded within the range of 380-650
nm with a fixed excitation wavelength of 368 nm. We
show the sensitivity of sulfonic-GQDs fluorescent
probes for the detection of Fe3+ ions. As shown in Fig-

ure 5a, it was found that the intensity of the FL at 472
nm decreased gradually with increasing concentrations
of Fe3+ ions ranged from 0 to 1000 μM and the emission was quenched completely by Fe3+ ions at the high
concentration of 1000 μM. Accordingly, the color of
sulfonic-GQDs changed from bright blue-green to
weak blue-green under UV irradiation (the inset of
Figure 5a). Figure 5b indicates that FL quenching value ΔF (F0-F) with the concentration of Fe3+ ions in the
range of 5 ~ 100 μM has a good linear relationship.
The equation for linear regression is ΔF = 2.996C +
10.111 with a correlation coefficient of 0.9927, where
C is the concentration of Fe3+ ions (μM). The detection limit was estimated to be 407 nM (according to a
signal-to-noise ratio of 3).

Figure 5. (a) Fluorescence spectra of sulfonic-GQDs with different concentrations of Fe3+ (from top to bottom:
0, 5, 10, 20, 40, 60, 80, 100, 200, 400, 500, 600, 700, 800, 900, 1000 μM, respectively); inset: the photographs of
the fluorescence response of sulfonic-GQDs upon addition of Fe3+ at 0 and 1000 μM under daylight (up) and UV
lamp (down). (b) The curve of the fluorescence quenching values ΔF vs Fe3+ concentration ranging from 0 to
100 μM. ΔF=F0-F, F0 and F represent the FL intensities of sulfonic-GQDs at 472 nm in the absence and presence
of Fe3+ ions, respectively.
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In order to assess the selectivity of the method, the
selectivity of our sulfonic-GQDs was investigated. We
assessed quenching of sulfonic-GQDs upon exposure
to 500 μM Fe3+, K+, Ca2+, Na+, Mg2+, Zn2+, Cu2+, Co2+,
Mn2+. Figure 6 shows the FL intensity ratios (F/F0) of
sulfonic-GQDs solution in the absence and presence
of various metal ions. None of these ions affected FL.
In addition, a cocktail of all these ions (100 µM each;
including Fe3+) showed similar quenching to what was
observed with Fe3+ alone, indicating that there are no
compensating effects. Furthermore, the mass production, good chemical and photo-stability of sulfonicGQDs, which show the great potential of sulfonicGQDs probe for the potential to in real environment
and food samples detection.

Figure 6. Fluorescence intensity ratios (F/F0) of sulfonic-GQDs in the presence and absence of different
metal ions (500 μM). listed from left to right: Blank,
Fe3+, K+, Ca2+, Na+, Mg2+, Zn2+, Ti2+, Cu2+, Co2+, Mn2+
and mixed. The mixed solution contains all of the metal ions mentioned above. The error bars represent the
standard deviations based on the independent measurements.

new chemical reactions occurred, and was attributed
to electrostatic interaction and π-π stacking interaction. We, thus, deduced that in this case, the quenching mechanism of sulfonic-GQDs for Fe3+ detection
involves complexation (static quenching) rather than
collisional deactivation (dynamic quenching).
The UV–vis absorption spectra of sulfonicGQDs in the absence and presence of Fe3+ ions in solution are shown in Figure 7b. The UV–vis absorption
spectrum of sulfonic-GQDs shows an absorption band
at ca. 240 and 290 nm. However, it is well-known that
an absorbance vanished were observed upon the addition of Fe3+ ions. Furthermore, the morphology of
composites was observed by TEM (Figure 7d) which
was found that sulfonic-GQDs and Fe3+ ions could
accumulate together and form the composite agglomeration. In Table. 2, we also detected the hydrate particle sizes of Fe3+, sulfonic-GQDs and sulfonicGQDs+Fe3+composite, which indicated that the size of
composite increased a lot comparing to Fe3+ ions or
GQDs (the hydrate particle size of GQDs could not be
detected by DLS), confirming the aggregation of the
composite. The results should be attributed to the
combination of Fe3+ ions with sulfonic-GQDs, suggests that the quenching process by Fe3+ ions is static
quenching[38].

3.4. Mechanism of the Fluorescence quenching
To further study the quenching mechanism of sulfonic
-GQDs by Fe3+, time-correlated single-photon counting (TCSPC) experiments were used to test the charge
transfer and exciton recombination process of sulfonic
-GQDs in the presence and absence of Fe3+ ions[41].
In the presence of Fe3+ ions, the lifetime of sulfonicGQDs fluorescence shifted slightly from 4.70 ns to
4.74 ns (Figure 7a). The FT-IR spectra in Figure 7c
further showed that new absorption peaks appeared
after Fe3+ was mixed with sulfonic-GQDs which mean

Figure 7. (a) Fluorescence decays (368 nm excitation)
of sulfonic-GQDs by TCSPC in the presence (blue)
and absence (red) of sulfonic-GQDs+Fe3+composite.
(b) The UV-vis absorption intensity of sulfonic-GQD
in the absence and presence of Fe3+ (100-400 μM). (c)
FTIR spectra of GQDs and their composite. (d) TEM
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image of the as-prepared sulfonic-GQDs + Fe3+ composite, Scale bar: 50 nm.
3+

Table 2. The hydrate particle sizes of Fe , sulfonicGQDs and sulfonic-GQDs+Fe3+composite.
Samples

Hydrate particle size

Fe3+
GQDs
GQDs-Fe3+ composite

29.6±0.84
——
37.0±2.15

The standard Cell Counting Kit-8 (CCK-8) assays
were performed to evaluate the cytotoxicity of sulfonic-GQDs in GES-1 cells (human normal gastric
epithelial cell line). As shown in Figure 8, average cell
viability of GES-1 cells was exceed 70% after 24 h
culturing with sulfonic-GQDs at a concentration of
100 mg/L, while it was greater than 60% after 48 h.
The similar results were detected in our previous paper, which showed amine- and OH-functionalized
GQDs had no cytotoxicity at relatively high concentrations (The cell viabilities were >80% at 20, 40, 60
and 80 mg/L for 48h)[22].
It indicated that sulfonic-GQDs were minimally
invasive/toxic to cells over 24 h and hence show
promising biocompatibility. So, sulfonic-GQDs could
be used to analyse food stuffs with further experiment
and analysis.

4. CONCLUSIONS
In summary, we have developed a simple and practical
way to detect Fe3+ ions based on effective FL probe
sulfonic-GQDs with high sensitivity, selectivity and
better biocompatibility. The FL intensity of sulfonicGQDs versus the Fe3+ ions concentrations is a good
linearity over a wind of detection concentration range
from 5 to 100 μM, with a good detection limit of 407
nM. The results indicate that sulfonic-GQDs could
meet the selective requirements for biomedical and
environmental application and be sensitive enough to
detect Fe3+ ions in environmental water samples.
Moreover, according to the TCSPC and UV–vis absorbance analysis, we deduced that the quenching
mechanism of the fluorescent probes for Fe3+ ions detection is static quenching rather than dynamic
quenching. Furthermore, the low toxic, high chemical
and photo stable sulfonic-GQDs fluorescent probe can
be synthesised in mass production which shows a reality for the real application in the environment water
sample analysis, food analysis and clinical diagnosis.
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