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metal ion can exert a profound impact on the industry. In this research,

we synthesized carbon dots from a novel and local green source by
hydrothermal method. Afterwards, characterization tests, like dynamic light
scattering, zeta potential sizer, atomic force microscopy, Fourier transform
infrared spectroscopy, X-ray powder diffraction, elemental analysis, and
transmission electron microscopy have been done. After investigation of
physicochemical properties, the proposed novel nanobiosensor based on
multicolor carbon dots can detect Fe(lll) with ultra-low detection limit
compared with other studies. The designed nanobiosensor does not identify other
ions, confirming its detection specificity. Besides, this nanobiosensor can detect
Fe(111) ion in two different conditions, tap water and cysteine solution as real
samples. This accurate and sensitive detection of Fe(lll) in different conditions
can play an impressive role in industries in the near future. Prog. Color

T aking an industrial standpoint, the recognition of Fe(lll) as a heavy

Colorants Coat. 17 (2024), 11-25®© Institute for Color Science and Technology.

1. Introduction

During recent years, we were witness of industrial
development as a forerunner in every aspect of human
life [1, 2]. Consequently, industrial pollution and their
effects on the environment and human food chains
have been considered as a global concern. Heavy metal
pollution as a kind of industrial pollutions has become
a serious economic and social problem [3]. These
heavy metal ions are discharged into the drinking water
and the human food chains. Afterward, they gradually
enriched in human tissues and organs. Herein,
mankind’s health can be significantly affected by the
low levels of heavy metal ions and the detection of
them should be considered as a crucial factor. In
addition, industrial applications can benefit from heavy
metal ions determination [4-6]. This kind of detection
can lead to the industrial products change, for instance
corrosion process which causes the gradual destruction

in different industrial goods can be controlled by Fe
detection [7].

For this purpose, innumerable monitoring
approaches for Fe ions detection have been developed,
such as potentiometric sensors, ion selective electrodes
(ISEs), atomic absorption spectrometry (AAS),
inductively coupled plasma mass spectrometry (ICP-
MS), inductively coupled plasma-atomic emission
spectrometry (ICP-AES), chromatographic separation,
and etc. These proposed methods have some demerits.
For instance, these methods are expensive and need
expert operators [8]. In addition, a careful sample
preparation should be needed. Hence, the lack of a
novel, cost-effective, and more sensitive detection
method for Fe ions determination has been realized [9].

In this situation, nanotechnology which can be used
in multitudes scopes [10-16] is capable of playing a
crucial role in heavy metal ions detection [17-19].
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Carbon dots (CDs) as a categorization of nanomaterials
ranging less than 10 nm can be considered as suitable
candidate in this field [20]. They have received much
attention due to their physicochemical properties [21],
like optical and electrochemical features, high surface-
to-volume ratio, favorable biocompatibility, low
cytotoxicity, ultra-low detection limit, simple surface
functionalization, high electron mobility, and etc. [22].
Carbonization as an efficient and necessary process [23]
is occurred by common synthesis methods, such as
hydrothermal treatments, electrochemical oxidation,
ultra-sonication, laser ablation, microwave approaches,
and many more [24]. CDs can be also synthesized by
different sources from chemical to green by
hydrothermal method [25]. This feature can be
considered as one of the significant properties of CDs
[26].

Optical-based sensors with “ON-OFF” sensing
platform have been preferred because they can be
quenched rapidly in response to binding with targeted
analytes by an acclaimed fluorescence-quenching
strategy [27]. During recent years, CDs can be
considered as effective fluorescent nanoprobes and
much focus has been attracted to their use as “ON-
OFF” sensors [20, 28] so as to detect various analytes
due to their fantastic features, such as miniscule size,
unique morphology, the capability of multi-
fluorescence color emission [29], and fondness of
fluorescence-quenching mechanism [30]. Furthermore,
their detection can be recognized by the clear optical
signal that this can be regarded as another significant
feature of CDs. Besides, multicolor CDs have been
synthesized by different approaches, such as changing
the size, functional groups, and synthesis sources of
CDs. Another novel method for multi-color CDs
synthesis is changing of their concentrations reported
by other papers [20, 28].

In this research, a new-designed “ON-OFF”
biosensor based on multicolor concentration-dependent
CDs with pH-sensitive behavior is reported. The eco-
friendly and novel carbon source of synthesized CDs in
this study is a specific variant of greengage (Prunus
italica Borkh) from the Rosaceae family which grows
in specific part of Iran and never has been still used as
a CDs source. CDs derived from this green source can
detect Fe(lll) ions by a fluorescence-quenching
strategy with ultra-low detection limit. Fe(lll) can be
considered as a kind of environmental pollutant and its
detection can remove it from food chains of humans
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and animals which make Fe(lll) determination so
efficient and crucial [31]. Furthermore, the specificity
of our designed nanobiosensor was justified and its
advantages were validated in the tap water and cysteine
solution samples.

2. Experimntal

2.1. Reagents and instruments

Proposed green source in this study has been supplied
from the local garden located in Hamedan, Iran.
Moreover, metal ions, such as Fe**, Fe?*, K*, Na*, Ba",
Cu®, Pb*, arginine, cysteine, sucrose, HCI (1M), and
NaOH (0.5M) have been obtained from the Merck Co.
(Germany). Deionized (DI) water was purified using a
Milli-Q system.

The size and surface potential of nanoparticles have
been tested by dynamic light scattering (DLS) and zeta
potential sizer (Horiba SZ-100). Atomic force
microscopy (AFM) has been performed using a DME
instrument (Dualscope C-26 with DME-SPM 2.1.1.2
software). The functional groups and chemical
structure of CDs have been identified by Fourier
transform infrared spectroscopy (FTIR) (ABB Bomen,
USA) and X-ray powder diffraction (XRD) (Philips
PW1730). The morphology of them has been
characterized by a transmission electron microscope
(TEM TEC9G20, FEI Co., USA) which was recorded
at a voltage of 200 kV. The total concentrations of
carbon, nitrogen, hydrogen, oxygen, and sulfur have
been recorded by an elemental analysis (LECO
TruSpec). Moreover, fluorescence spectra and UV-
visible spectra have been analyzed by fluorescence
spectrophotometry (PerkinElmer LS45) and an UV-
visible spectrophotometer (PerkinElmer Lambda 2),
respectively.

2.2. Synthesis of CDs

CDs have been synthesized for first time from Prunus
italica Borkh. Obtained fruit juice from this green
source has been transferred into a Teflon-lined
autoclave and heated at 180 °C for 8 h. Afterward, the
autoclave has been allowed to cool down. The supplied
juice solution has been centrifuged at 8000 rpm for 10
min to remove their impurities [28]. Finally, obtained
brown solution has been freeze-dried (Christ Alpha 3-4
LSCbhasic, Martin Christ GmbH, Germany) and stored
at -80 °C for further investigations.
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2.3. Characterization of CDs

DLS and zeta potential sizer ascertain the size and
surface charge of CDs, respectively. The morphology of
CDs has been displayed by AFM and TEM. The surface
functional groups of CDs have been identified by FTIR
and the chemical structure of them has been analyzed by
XRD, and CHNS/O elemental analysis test.

2.4. Optical features of CDs

The excitation wavelength has a significant impact
on the fluorescent emission spectra of multicolor
CDs. Therefore, the emission spectra of each separate
concentration of CDs (0.003-1 mg/mL) were scanned
using a slit width of 20 nm by photoluminescence
(PL) spectrophotometer. Furthermore, at maximum
excitation, the emission spectra of CDs have been
recorded. Suitable concentrations of multicolor CDs for
each of the fluorescence color have been chosen
according to the maximum fluorescence intensity at their
emission wavelengths.

2.5. Quantum-yield (QY) measurements

The ratio of absorbed photons to emitted photons has
been recognized as fluorescence QY compared with
quinine sulfate as reference (¢ = 0.54 in 0.05 H,SO,).
The QY has been calculated using Equation 1 [32].

Ix = s x AJAX FyIFx (ny/ny)? 1)

Which (X) refers to sample and (S) refers to quinine
sulfate, @ is the QY, A is the absorbance at the
excitation wavelength of 365 nm, F is the integrated
emission intensity, and n is the solvent refraction index
(1.33 for water) [32].

2.6. pH effect of CDs

To investigate the pH-responsive behavior of CDs,
different solutions with different pH values, from 3 to
12, have been prepared by NaOH (0.5 M) and HCI
(IM). Then, the PL intensity of them has been
measured by the fluorescence spectrophotometer.

2.7. Impact of time and temperature on CDs

To scrutinize the optimum temperature and time of CDs,
initially the fluorescence intensity spectra of them have
been measured at different temperatures, including -80,
-20, 4, 25, 45, and 75 °C by the fluorescence

spectrophotometer. Besides, the PL spectra of CDs at
25 °C during different periods time, such as 0 day, 1, 3,
6, and 9 months have been investigated. It should be
mentioned that in this experiment the period time of 0
day is considered as control group.

2.8. Preparation of metal ions solutions

To examine the process of Fe(lll) detection by CDs, a
wide range of CDs concentrations have been prepared,
from 0.06 to 500 uM and the quenching behavior of
them have been assessed in the presence of Fe(lll).
Additionally, to examine the high selectivity of
designed nanosensor in this study, Fe*", Ba', K*, Na",
Cu?, Pb*, arginine, cysteine, and sucrose have been
tested at same concentrations of Fe(l11) (0.06-500 uM).
Eventually, the PL spectra of CDs solutions mixed with
each of mentioned metal ions have been measured.
Each of prepared solution has been also tested under
the UV light.

2.9. Preparation of metal ions solutions in real
sample

In the present study, tap water and cysteine solution
have been considered as real samples so as to validate
the specificity of Fe(lll) detection. Subsequently,
various concentrations of Fe(l1l) (0.06 - 500 puM) have
been added to the tap water samples mixed with CDs
and cysteine solution mixed with CDs, separately.
Moreover, the PL intensity of every prepared solution
has been investigated by both the UV light and PL
spectra spectrophotometer.

2.10. Statistical analysis

In this study, we run analyses of variance (ANOVA)
by IBM SPSS 26.0 software in triplicate with a
significance value at P < 0.05.

3. Results and Discussion

3.1. Characterization of CDs

This study is the first to synthesize CDs from this local
fruit as a green source by hydrothermal method. The
average size of 5 nm has been measured by DLS for this
synthesized CD (Figure 1a). This reported size is similar
to CDs’ size range which is less than 10 nm [33]. The
surface charge of CDs was evaluated by zeta potential.
Figure 1b exhibits a negative charge recorded -0.2 mv
which agrees with former studies [20]. From
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morphological aspect, AFM analysis illustrated the size
and morphology of CDs measure a diameter of 3.66 nm
with the 1-3 layers of graphite for the synthesized CDs
(Figure 1c). These dimensions and the number of
graphite layers also match previous studies [34]. Another
test which validates the morphology and size distribution
of synthesized CDs is TEM. As illustrated by Figure 1d,
TEM images indicate a size distribution between 2 and 8
nm with the average diameter of 4 nm that this result
also confirms the size range of CDs which is less than 10
nm. The XRD pattern of CDs presents an amorphic and
broad peak at 20 = 21.13° with interlayer spacing of

4.2°. This reported d-spacing is more than that of bulk
graphite (3.44°) (Figure 1e). This indicates the amorphic
nature and irregular structure of synthesized CDs in this
study in line with other CDs (35). As shown by Figure
1f, a wide range of functional groups comprising
3413.19 cm™ for N-H/O-H stretch, 2941.84 cm™ for C-
H, 1729.88 cm® for C=0, 1409.07 cm™ for C=C,
1205.04 cm™ for C-O, and 1072.37 cm™ for C-N have
been recorded by FTIR spectra. The elemental analysis
also indicates the percentage of the main elements of
CDs (Table 1).
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Figure 1: Characterization of CDs. (a) DLS identifying size of CDs; (b) the zeta potential of CDs recording the surface
charge of them; the morphology and size distribution of CDs displayed by (c) AFM and (d) TEM; (e) the chemical
structure of CDs identified by XRD; (f) different functional groups of CDs determined by FTIR.
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Table 1: Elemental analysis of synthesized CDs.

o || | o[ s [ o
0.3 5 6 - 48.7

Elements (%) 4

3.2. Optical features and QY measurement of
CDs

Since the change of CDs concentrations brings about a
color change in them, the emission spectra of each of
CD concentration (0.003-1 mg/mL) have been scanned
using a slit width of 20 nm (Figure 2a-1). The emitted
PL varied according to CD concentrations, being red (1
mg/mL) (Figure 2a), yellow (0.33, 0.2, and 0.14
mg/mL) (Figure 2b-d), green (0.11, 0.06, and 0.03
mg/mL) (Figure 2e-g), and blue (0.015, 0.012, 0.01,
0.007, and 0.003 mg/mL) (Figure 2h-I). Therefore, the
CDs concentrations have been categorized into four
classifications (Figure 2m-p). Our results illustrate that
the maximum fluorescence intensity of red (Img/mL)
(Figure 2m), yellow (0.14 mg/mL) (Figure 2n), green
(0.06 mg/mL) (Figure 20), and blue CDs (0.012
mg/mL) (Figure 2p) at the excitation wavelength of
500, 460, 420, and 360 nm, respectively, produced
maximum emissions at 570, 500, 485, and 460 nm,
respectively. These results indicate the concentrations-
dependent behavior of synthesized multicolor CDs in
this study which is considered as a unique property of
them. In present study, since blue CDs (excitation
wavelength: 360 nm, emission wavelength: 460 nm)
display a higher fluorescence intensity than other
colors, it is selected as the suitable CDs for designing
nanobiosensor in order to sense Fe (l11).

The UV-Visible spectra of CDs represent an
extensive absorbance band at 280 nm which reflects n-
* and n-n* transition of the C=0 bonds and conjugated
C=C bonds (Figure 2q). These observations are in line
with previous studies [36].

Our data illustrate a 33 % fluorescent QY. Given
reported QY, this result can be considered as in a high
range of QY measurements of CDs [37].

3.3. pH effect on CDs

As depicted by Figure 3, PL intensity of CDs reaches a
peak at pH 5 and then falls to pH 12. These results
validate the pH-responsive behavior of synthesized
CDs in this study such as some previous studies [38].
Therefore, CDs solution with pH 5 has been chosen for
further investigations in this research.

3.4. Impact of time and temperature on CDs

To ascertain the optimum temperature of CDs, the
fluorescence intensity spectra of them at -80, -20, 4, 25,
45, and 75 °C have been measured. As displayed by
Figure 4a, a significant decrease in the fluorescence
intensity of CDs at 45 and 75 °C has been illustrated in
comparison with other temperatures. Nonetheless, CDs
kept at -80, -20, 4, and 25 °C display higher PL
intensity compared with other recorded temperatures.
These results indicate that the PL intensity of proposed
CDs in this study declines upon raising the temperature
from 40 to 70 °C and the optimum temperature of our
designed CDs is devoted to colder temperatures, such
as most previous studies [39]. This result indicates the
significant impact of really low temperatures on the PL
intensity of synthesized CDs in this study and confirms
the temperature-dependent behavior of proposed CDs.
Since CDs at room temperature exhibit the high PL
intensity as well as other low temperatures, the
variation of time on the PL intensity of CDs has been
investigated at 25 °C. As displayed by Figure 4b, there
is no significant difference between the PL intensity of
CDs after 1, 3, and 6 months in comparison with
control group of this study. However, after 9 months, a
slight decline in the fluorescence intensity of CDs has
been illustrated (Figure 4b). In spite of temperature-
sensitive behavior of CDs, these results indicate that
they can display the high photostability. There are less
CDs that can indicate both two features together [40,
41]. This kind of CDs synthesized in this study can be
considered as an efficient nanoparticle due to
displaying of both mentioned properties together.
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Figure 2: The emission spectra scan of CDs at different concentrations which exhibit (a) red, (b), (c), (d) yellow, (e), (f),
(9) green, and (h), (i), (j), (k), (I) blue colors. (m) PL intensity of CDs at concentration of 1 mg/mL at excitation wavelength
of 500 nm; (n) the PL intensity of three concentrations (0.33, 0.2, and 0.14 mg/mL) of CDs at excitation wavelength of
460 nm. (o) the PL intensity of three concentrations (0.11, 0.06, and 0.03 mg/mL) of CDs at excitation wavelength of 420
nm; (p) the PL intensity of five concentrations (0.015, 0.012, 0.01, 0.007, 0.003 mg/mL) of CDs at excitation wavelength
of 360 nm and (q) UV-Visible absorbance band of CDs.
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Figure 4: (a) PL intensity of CDs at different temperatures; (b) PL intensity of CDs during different time.

3.5. Detection of Fe (111)

We designed a novel nanobiosensor with interesting
optical features for Fe(lll) detection trough ON-OFF
fluorescent system. In the presence of Fe(lll), the
observed fluorescence quenching in comparison with the
fluorescence intensity of CDs can clearly explain the
Fe(l11) detection (Figure 5a). This finding has been found
out by the fluorescence spectroscopy graphs and images
taken under the UV light (Figure 5a). As exhibited by
Figure 5a, a strong fluorescence emission peak has been
recorded at the excitation wavelength of 360 nm devoted
to the fluorescence emission of CDs. This can be
considered as a positive control in this study. By adding
different concentrations of Fe(l1l) from 0.06 to 500 uM,

fluorescence quenching can be illustrated. The enhanced
fluorescence intensity of the probe system (AF) versus
Fe(lll) concentrations (C) has been plotted with
calibration function of AF= 53.739In(C)+490.24 and
correlation coefficient (R?) of 0.954. The detection limit
has been measured at 0.06 puM. These findings confirm
the functionality of our designed nanobiosensor in this
study with the lowest detection limit of any set upped
biosensors for metal ions detection (Table 2) [42, 43]. It
can be concluded that proposed nanobiosensor in this
study based on ON-OFF fluorescent probe system can
sense Fe(Ill) more accurate than other nanobiosensors
which detect metal ions.

Prog. Color Colorants Coat. 17 (2024), 11-25 17
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Table 2: Comparison of different fluorescent CDs used for Fe (lll) detection.

Transducing s CDs’ Linear Detection
Citric acid
Fe(l11) Fluorescence + Blue 5-500 uM 1.1uM - [44]
Benzoylurea
aluminum (111)-2,2"-
dihydroxyazobenzene

(DHAB) 3.5% 10°°-
Fe(ll1) Fluorescence N Blue 6.7x10* 1.6 x10°M Tap water [45]
Acetate buffer M
solution
Diaminobenzenesulfo Human serum
Fe(l11) Fluorescence L Red 0-30 uM 0.27 uM [31]
nic acid samples
Alginic acid 0-0.05
Fe(l11) Fluorescence + Blue m"vl 10.98 uM River water [8]
Ethanediamine (EDA)
. 1x 10°°-5x
Fe(l11) Fluorescence B-Cyclodextrin Blue 104 M 1M - [40]
-CDs (purchased
0;‘rom sgpuma Co.) L LT
Fe(l11) Fluorescence i : Blue 16.6x 10° 6 uM Blood serum [47]
. . M
Sodium hydroxide
L-Aspartic acid Diluted tap
+ water
0-1000
Fe(l11) Fluorescence 2,5- Green M 1.51 uM + [48]
diaminobenzenesulfon a Fetal bovine
ic acid serum
Fe(l11) Fluorescence Kentucky Bluegrass Blue 5-25 uM 1.4 uM - [49]
Blue
Magnolia liliifl * 1-1000
agnolia liliiflora -
Fe(l11) Fluorescence g Green 1.2 uM Cells [50]
flower . uM
Red
30-600 Real water
Fe(l11) Fluorescence Cranberry beans Blue 9.55 uM [51]
uM samples
Fe(l11) Fluorescence Water melon Juice Blue - 0.16 uM Cells [52]
Citric acid Real water
Fe(l11) Fluorescence + Blue 1-300 uM 5.4 uM [53]
samples
2,2-DPA
L-Glu
Fe(l11) Fluorescence + Blue - 10° M - [54]
Silica gel powder
Blue
+
Green
0.06-500 Thi
Fe(l11) Fluorescence Prunus italica Borkh + 0.06 uM Tap water 'S
UM Work
Yellow
+
Red
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Furthermore, to optimize the pH of detecting
solutions, the repeatability of Fe(lll) detection process
at different pH values has been investigated. As shown
by Figure 5b, the most quenching rate is devoted to the
detection of Fe(lll) in the acidic range of pH and a
down ward trend can be seen from pH 3 to pH 12. This
result completely aligns with the previous investigation
about the pH effect on CDs in this study. In addition to
the highest PL intensity of CDs devoted to acidic pH,
the best quenching process can also be occurred in
acidic pH range, like most synthesized CDs in recent
studies [55]. This result indicates that the pH range of
3-5 can be considered as an appropriate pH range in
this study for further investigations.

3.6. Fe (I11) detection in real sample

The fluorescent behavior of CDs in the presence of
Fe(ll) has been examined in tap water and cysteine
solution. As exhibited by Figure 6a and Figure 6b,
adding different concentrations of Fe(l11) (0.06-500 uM)
to tap water and cysteine solution results in significant
quenching as well as in vitro study with same detection
limit. These data justify the repeatability and sensitivity

of our system in both environmental and biological
samples. Moreover, the non-linear relationship between
fluorescence intensity and Fe(lll) concentrations has
been plotted and y = 25.689 In(x)+544.67 and y =
25.426 In(X)+538.33 equations have been illustrated for
tap water and cysteine solution, respectively (R?
0.9829, R? = 0.9786) (Figure 6a and 6b). The addition of
CDs to tap water (T-CDs) has been considered as
positive control which depict a strong fluorescence peak
at excitation wavelength of 360 nm.

Spiking levels of Fe (I1) (0.24, 1, 100 pM) in
Fe(lll)-free tap water and cysteine solution samples
have performed. Suitable recoveries range of Fe (I1I)
from 95.8 % to 99.95 % and from 93.75 % to 99.96 %
along with relative standard deviation (RSD) values
ranging from 1.95 % to 2.9 % and from 1.96 % to 2.83
% have been evaluated in tap water and cysteine
solution as real samples, respectively (Table 3).
Ultimately, the high repeatability and reliability of our
novel nanobiosensor in this study have been confirmed
by the amazing results of recovery and RSD values of
Fe(lll) in this study in comparison with previous
studies [38, 56].
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Figure 5: Fe(lll) detection by CDs. (a) Different concentration of Fe(lll) which are detected by CDs. The images display
qguenching intensities at innumerable concentrations as observed by under UV light. The non-linear and linear
relationship between fluorescence intensity and Fe(lll) concentrations is plotted withy = aIn(x)+b andy =ax + b
equations, respectively. (b) Fluorescence intensity of CDs in the presence of Fe(lll) at pH of 3, 6, 9, and 12.
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Table 3: Results of Fe (lll) detection in tap water as a real sample.

Spiked Found
S | R % RSD (%, n=5
ample Concentration (UM) Concentration (UM) ecovery (%)

Tap water 1 0.24

Tap water 2 1

Tap water 3 100
Cysteine solution 1 0.24
Cysteine solution 2 1
Cysteine solution 3 100

3.7. Selectivity of Fe (I11) detection

The selectivity of designed nanobiosensor has been
designed by the examination of the PL intensity change
of CDs toward Fe?*, Ba*, K*, Na*, Cu®*, Pb?*, arginine,
cysteine, and sucrose. These metal ions illustrate no
significant impact on the PL intensity of CDs
compared with Fe(lll) (Figure 6¢). This means these
metal ions did not quench emitted fluorescence light of
CDs. Calculated quenching rates of CDs in the
presence of above-mentioned ions have been measured
by Equation 2 [57] and their graphs have been shown
by Figure 6c.

QR=F,-F/Fg (2)

By equation 2, quenching rate, PL intensity of CDs
in the absence and presence of different analytes have
been reported by QR, FO, and F, respectively.

As exhibited by Figure 6c, observed considerable
difference between quenching rates of Fe(l11) and other
ions can validate the specific recognition of our CDs to
determine Fe (111).

3.8. Quenching mechanism

The fluorescence quenching mechanism of fluorescent
probes can be explained by Stern-Volmer equation
(equation 3) [58]:

Fo/lF=1+ K, [Q] 3)

where F and Fj are the fluorescence intensities of
CDs in the presence and absence of Fe(lll),
respectively, and [Q] and K, are the quencher
concentration and the Stern—Volmer quenching

20 Prog. Color Colorants Coat. 17 (2024), 11-25

0.23
1.01
99.95
0.225
0.98
99.96

95.8
99 2.1
99.95 1.95
93.75 2.83
98 2.2
99.96 1.96

constant, respectively [59]. The linear relationship of
Fo/F plot as a function of [Q] validates the Stern—
Volmer concept [28]. Plots of PL intensity (Fo/F)
versus the concentrations of Fe(lll) depicted by Figure
5a and 6a indicate a non-linear relationship and an
upward trend. This observed pattern can propose the
static quenching mechanism as a probable quenching
process for this study.

Furthermore, inner filter effect (IFE) quenching
mechanism as another option has been investigated. As
displayed by Figure 7a, the UV-visible absorption
spectra of Fe(ll1) as a quencher do not overlap with the
emission spectra of CDs at the emission wavelength of
460 nm. Hence, IFE quenching mechanism is rejected.
An effective method in order to distinguish static
guenching mechanism from dynamic quenching
mechanism is the UV-Visible absorption peak of the
quencher and CD-quencher system according to
previous studies [28]. In this way, when a shift between
the UV-visible spectra of quencher and CDs-quencher
complex can be illustrated, it can be mentioned that
ground-state complex can be performed and static
quenching is occurred [61-63]. Figure 7b confirms the
formation of ground-state complex in this study.
Additionally, as shown by Figure 7b, the graph of CD-
Fe** and CD+Fe*" which is the summed absorption
spectra of CD and Fe** do not coincide with each other
that this concept can indicate the formation of ground-
state complex between Fe** and CDs in this study [62,
64, 65]. Eventually, these results justify the static
quenching mechanism of Fe** detection system by CDs
proposed in this research and the schematic illustration
of this quenching system is exhibited by Figure 7c.
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Figure 6: Fe(lll) detection by CDs in real sample and selectivity test of CDs. Different concentration of Fe(lll) which are
determined in (a) tap water and (b) cysteine solution. The images display quenching intensities at innumerable
concentrations as observed by under UV light. The non-linear and linear relationship between fluorescence |ntenS|ty and
Fe(lll) concentrations is plotted with y = a In(x)+b and y = ax+b equations, respectively. (c) Fe?* Ba’, K', Na*, cu®, Pb*

arginine, cysteine, and sucrose are considered to examine the fluorescent quenching rate of syntheS|zed CDs.
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Figure 7: (a) The UV absorption spectra of Fe(lll) do not overlap with the PL spectra of CDs at the emission wavelength
of 460 nm, indicating the rejection of IFE quenching mechanism; (b) Justifying the static quenching system because the
UV graph of CD-Fe(lll) and CD + Fe(lll) do not coincide with each other; (c) Schematic figure of static quenching
mechanism of CDs by Fe(lll) ions.

4. Conclusion

In this inquiry, we synthesized a novel nanobiosensor
based on concentration-dependent multicolor CDs via
hydrothermal method. Fe(lll) as a common ion in the
nature, organisms’ bodies, and industry can be detected
by our ON-OFF synthesized nanobiosensor with the
detection limit of 0.97 uM by their recognition signal
which is fluorescence quenching. Our reported
detection limit is significantly lower and more accurate
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