\

é@ chemosensors

Article

Highly Fluorescent Carbon Dots as a Potential Fluorescence
Probe for Selective Sensing of Ferric Ions in Aqueous Solution
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Abstract: This paper’s emphasis is on the development of a fluorescent chemosensor for Fe3*
ions in an aqueous solution, using hydrophilic carbon dots (O-CDs). A simple, cost-effective, and
environmentally friendly one-step hydrothermal synthesis method was used to synthesize fluorescent
hydrophilic O-CDs from Oxalis corniculata (Family; Oxalidaceae). The graphitic structure and size
distribution of the O-CDs was verified by X-ray diffraction, Raman spectroscopy, and high-resolution
transmission electron microscopy studies. The resulting O-CDs had a near-spherical shape and an
adequate degree of graphitization at the core, with an average diameter of 4.5 nm. X-ray photoelectron
and Fourier transform infrared spectroscopy methods revealed the presence of several hydrophilic
groups (carbonyl, amine, carboxyl, and hydroxyl, along with nitrogen and oxygen-rich molecules)
on the surface of O-CDs. The synthesized hydrophilic O-CDs with excitation wavelength-dependent
emission fluorescence characteristics showed a high quantum yield of about 20%. Besides this, the
hydrophilic O-CDs exhibited a bright and controllable fluorescence with prolonged stability and
photo-stability. These fluorescent hydrophilic O-CDs were used as a nanoprobe for the fluorometric
identification of Fe3* ions in an aqueous solution, with high sensitivity and selectivity. By quenching
the blue emission fluorescence of this nanosensor, a highly sensitive Fe3* ion in the range of 10-50 uM
with a minimum detection limit of 0.73 uM was achieved. In addition, the developed nanosensor can
be used to sense intracellular Fe3* ions with high biocompatibility and cellular imaging capacity, and
it has a lot of potential in biomedical applications.

Keywords: Oxalis corniculata; hydrothermal; hydrophilic carbon dots; fluorescent sensor; fluorescence
quenching

1. Introduction

Heavy metal ions are one of the most dangerous contaminants that have been con-
tinuously released into the environment by industrial and other human activities, posing
serious health and environmental risks [1,2]. In particular, the ferric (Fe*) ion is an essen-
tial transition metal ion that is one of the most harmful and pervasive contaminants in
aquatic systems, and is now a primary source of concern [3,4]. In the human body, Fe**
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ions are one of the most abundant metal ions involved in cellular metabolism, enzyme
catalysis, oxygen transport, and deoxyribonucleic acid and ribonucleic acid synthesis, as
well as many other physiological and pathological activities [5]. Excess or deficiency of iron
can lead to serious complications such as anemia [6], cognitive loss [7], liver damage [8],
heart failure [9], diabetes [10], renal failure [11], and even death. Consequently, specific
Fe3* ion concentration detection in environmental and biological materials is extremely
important and has become a hot subject among researchers.

In this context, developing appropriate and effective techniques for detection, quan-
tification and rapid determination of Fe3* ions with high sensitivity and selectivity are
considered very critical for human health and environmental observation. Many conven-
tional methods, such as electrochemical sensors [12], atomic absorption spectroscopy [13],
polarography [14], and plasma mass spectrometry [15], have been developed for the detec-
tion of metal ions, but they all have inherent flaws that limit their clinical relevance— such
as the need for complex equipment and time-consuming sample preparation.

Fluorescent probes well-known tool for the detection of metal ions have attracted a lot
of attention recently because of their extreme accuracy, sensitivity, speed of analysis, and
easy operation [16-20]. Several fluorescent probes, such as fluorescent organic dyes [21],
metal nanoparticles [22], and semiconductor quantum dots [23], have been used to date as
remarkable examples of these uses. Nevertheless, these nanomaterials have certain pitfalls,
such as rapid oxidation, photobleaching of the fluorescent dye, potential toxicity, and limited
photo-response, which restrict their extensive application and production. Exploration of new,
highly fluorescent green quantum dots or similar nanomaterials with strong photostability
and excellent biocompatibility is indeed critical. Fluorescence (FL) quenching efficacy is, then,
one of the most successful strategies for metal ion detection [24,25].

Carbon dots (CDs) have recently gained the interest of researchers as potential bioimag-
ing labels and sensors due to their remarkable properties, which include brilliant FL, great
photo-stability, adjustable FL emission, excellent biocompatibility, minimal toxicity, and
superior water dispersibility /solubility [18,26-30]. Detection of ions such as Fe®*, Hg?*,
Cu?*, Zn**, Cr (IV), Ag2+, As®*, and Eu®*; and sensing of organics such as insecticides,
glutathione, methimazole, picric acid, nitro-compounds, a-glucosidase, and cholesterol
chitosan have all been shown using CDs [31-33]. For this purpose, green CD synthesis has
gotten a lot of interest, since it makes work easier, saves time and resources, and creates
long-lasting environmentally friendly material with a high quantum yield [34]. Biological
sources containing C, O, and H components contain carbohydrate benefaction in the syn-
thesis of CDs with rich surface functional groups. Additionally, CDs’ surface functional
groups linked to oxygen can improve water solubility and FL characteristics necessary for
fluorescent probes [35]. Heteroatom doping of CDs also enhances FL efficiency as well as
providing active sites in the CDs, allowing for a wider range of applications in analysis
and sensing [36]. Natural biomass such as Phyllanthus acidus fruits [18], banana peel [37],
Prunus avium fruit extract [38], Chionanthus retusus fruits [24], betel leaf [39], and peach
fruits [40] are just a few examples of the precursors of carbon nanodots investigated by our
research group.

Although using natural carbon precursors to synthesize CDs is a viable option, finding
a novel natural carbon precursor with acceptable physicochemical and optical characteris-
tics remains a challenge. It would also be ideal if an easy and inexpensive precursor for
synthesizing CDs could be developed. Oxalis corniculata is an herbaceous plant originating
from India, mainly used for traditional medical treatment for various ailments such as liver
problems, stomach pain, dysentery, and diarrhea. The plant extract mainly encompasses
proteins, alkaloids, carbohydrates, saponins, phenols, flavonoids, and tannins [41]. In this
present investigation, we produced a very efficient fluorescent probe for label-free selective
and sensitive detection of Fe3* ions with a limit of detection as minimal as 0.73 pM, using
an incredibly easy and green hydrothermal treatment of Oxalis corniculata leaf extract to pro-
duce hydrophilic CDs with blue emission and significant quantum yield. The synthesized
Oxalis corniculata-derived carbon dots (O-CDs) with proven excitation-emission dependent
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FL characteristics will be potential candidates as fluorescent probes for detecting Fe** ions
in water with high sensitivity and selectivity.

2. Experimental
Preparation of O-CDs

The synthesis process is demonstrated in Scheme 1. The leaves of Oxalis corniculata
were properly cleaned in de-ionized water before being crushed. Cotton was used to filter
the smashed extract, which was then followed by Whatman filter paper. The filtered plant
extract was placed into a Teflon-lined stainless-steel autoclave with a capacity of 50 mL,
for the production of O-CDs. The autoclave was properly sealed before being heated to
200 °C for 24 h. The autoclave was cooled to room temperature after the process. The dark
brown solution obtained was centrifuged, the precipitate was removed, and the liquid in
the supernatant was analyzed.

Oxalis corniculata

Scheme 1. Graphic for the synthesis of hydrophilic O-CDs from Oxalis corniculata by simple hydrothermal method.

3. Results and Discussion
3.1. Structural and Optical Properties of the Hydrophilic O-CDs

The surface morphology of the synthesized hydrophilic O-CDs was examined with
FESEM. Figure S1 and Figure 1 illustrate the micrographs of hydrophilic O-CDs with their
elemental mapping. From the micrographs in Figure 1la and Figure Sla-d, the O-CDs
are observed to be arranged in an agglomerated fashion. The O-CDs with hygroscopic
properties when placed over the silicon wafer for examination get adhered together after
drying. This phenomenon could be ascribed to the presence of certain functional groups
present on the surface and edges of O-CDs. In addition, the presence of dangling bonds
on the surface of O-CDs could also promote this wrinkle type of formation on the silicon
substrate. Figure 1b—d depicts the elemental mapping of various constituents present over
the surface of O-CDs. The images highlighted with green, yellow, and red colors represent
the presence of carbon, nitrogen, and oxygen elements present on O-CDs, respectively. All
these elements were found to be uniformly dispersed; among them, carbon was observed
to be dominating the other elements with regards to quantity. The combined elemental
mapping of C, O, and N is observed from Figure le, showing the uniform distribution of
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these elements with smaller particle sizes. The EDS spectrum shown in Figure 1f further
illustrates the presence of energy peaks representing the C, N, and O in O-CDs. The
morphology of the synthesized hydrophilic O-CDs was further analyzed with the aid of
TEM and HRTEM images. Figure 2a,b clearly show the homogeneous dispersion of fine
particles, with particle size varying in the range 3-7 nm, with an average particle size of
4.5 nm (inset of Figure 2b). The HRTEM images shown in Figure 2c,d show nearly spherical-
shaped particles possessing a crystalline inner core surrounded by the amorphous layered
surface. The surface amorphous type layer could be due to the presence of defects or any
functional group attached over the O-CDs. The inner core of the O-CDs shows lattice
fringes with an interplanar spacing distance of 0.21 nm, confirming the existence of a
crystalline carbon core.

Spectrum 5

T T T

J 1 2 3 4 s 6 7 8 9 10

Full Scale 583 cts Cursor: 0.000 ke

Figure 1. (a) FESEM image (mapping area), and the corresponding carbon (b), nitrogen (c), oxygen
(d), and overlap (e) elemental mapping of synthesized hydrophilic O-CDs. (f) The EDS graph of
synthesized hydrophilic O-CDs.
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Figure 2. (a,b) TEM images and (inset b) the corresponding particle size distribution graph of the synthesized hydrophilic
O-CDs. (¢, d) HRTEM images with lattice fringes of synthesized hydrophilic O-CDs.

The phase purity, crystallinity, and graphitization nature of O-CDs were assessed
using XRD and Raman spectroscopy studies. Figure S2a shows the XRD pattern of as-
synthesized O-CDs. The pattern indicates the presence of two relevant peaks around at
(26 =) 23 and 43°, representing the (002) and (100) planes, respectively—authenticating the
presence of carbon [42,43]. This observation well coincides with the HRTEM observation
for the formation of crystalline carbon at the core of O-CDs. The d-spacing value calculated
from the Bragg equation for the (100) and (002) planes was found to be 0.21 and 0.39 nm,
respectively—which is consistent with the HRTEM results. It is interesting to note that
the d-spacing of 0.39 nm was greater than the conventional bulk graphite value (0.34 nm).
Presumably, this variation in d-space value could account for the formation of amorphous
coating over the edges or surface of O-CDs, perhaps generated by various moieties during
the synthesis process. In addition, the XRD peak at (002) displayed a broad area, indicating
O-CD particles at nano size or with an amorphous nature [17]. This finding supports the
development of both amorphous and crystalline carbon at the surface and core of O-CDs,
respectively. The Raman spectrum of the O-CDs was obtained as shown in Figure S2b.
The spectrum shows two dominant peaks at 1360 and 1590 cm ™!, representing the D-
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band and G-band of carbon, respectively [33]. These bands indicate the sp® (D-band) and
sp? (G-band) configuration of carbon atoms placed in the O-CDs due to disordered and
graphitic carbon, respectively. These peaks were observed to be merged with each other.
The intensity ratio of these peaks (Ip/Ig) was calculated to be 0.65 (Ip/Ig < 1); indicating
moderate graphitization due to the presence of more functional groups or amorphous
carbon over the O-CDs [37]. This observation also agrees well with the findings obtained
in HRTEM and XRD that O-CDs consist of functional groups with moderate graphitization
and excellent purity.

To study the presence of functional groups and the elemental composition of O-
CDs, ATR-FTIR and XPS analyses were performed. Figure S3 demonstrates the ATR-
FTIR spectrum of as-synthesized O-CDs. The spectrum shows a broad absorption band
at 3150-3450 cm ™!, attributed to a stretching band of N-H/O-H [44]; and at 2955 and
2856 cm ™!, indicating asymmetric and symmetric C-H functional groups present over
the O-CDs [45]. The functional groups, such as C-OH and C-O-C, were confirmed by
absorption band formation at 1295 and 1050-1100 cm !, respectively. The peaks posi-
tioned at 1665, 1575, and 1455 cm ! reveal the occurrence of C=0, C=C, C-N bonding,
respectively [18]. The absorption band corresponding to C=C signifies the sp? hybridized
carbon formed by the carbonization process through the hydrothermal method. Moreover,
the out plane of the -CH, group in aromatic carbon is revealed from the peak obtained
between 570 and 700 cm . Thus, it is well confirmed that the O-CDs consist of various
functional groups such as carbonyl, amine, carboxyl, and hydroxyl, along with nitrogen
and oxygen-rich molecules without any impurities. This observation well matches with
the XRD, HRTEM, and Raman spectroscopy findings, confirming the presence of several
functional groups on O-CDs. As a result, these observations suggest that the presence of
these functional groups inhibits the hydrophilic functionality of the O-CDs, thereby making
them dispersible/soluble in the aqueous medium and suitable for potential application in
chemosensors.

For a deeper understanding of elemental composition and atomic bonding, the XPS
spectrum was analyzed and shown in Figure 3. The XPS survey spectrum illustrated in
Figure 3a shows the formation of three major peaks centered at 284, 400, and 532 eV—
representing the existence of C (1s), N (1s), and O (1s) elements, respectively, on O-CDs
without any presence of impurities. Moreover, the high-resolution XPS peaks obtained for
C (1s) in Figure 3b can be deconvoluted into four distinct binding energy (BE) peaks. The
peaks obtained at 284.8, 285.9, 286.9, and 288.5 eV were ascribed to C=C/C-C, C-O/C-N,
C=0/C=N, and O=C-OH bonding, respectively [33]. Noteworthily, the C=C/C-C bonding
predominantly signified the sp? carbon present in O-CDs. Figure 3c shows the Gaussian
fitting of three deconvoluted peaks related to N (1s), with BE values at 399.0, 400.0, and
401.3 eV, signifying the bonding of nitrogen in C-N-C (pyridinic-N), C-N-H (pyrrolic-N),
and (C3)-N (graphitic-N) forms, respectively [18]. The nature of bonding of oxygen in
O-CDs was analyzed using the high-resolution spectrum of O (1s), as shown in Figure 3d.
The three deconvoluted peaks of O (1s) at BEs 531.3, 532.4, and 533.3 eV correspond to
C=0, C-0/C-0H, and O=C-OH bonding, respectively [18]. The presence of oxygen- and
nitrogen-containing groups on the O-CDs’ surface is yet again proved by this analysis, in
addition to ATR-FTIR assessment. These oxygen-containing functional groups would make
O-CDs more disseminated and dispersible/soluble in an aqueous environment, allowing
them to be utilized in a variety of biological applications.
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Figure 3. (a) XPS survey spectrum and the corresponding high-resolution C 1s (b), N 1s (c), and O 1s (d) spectra of the
synthesized hydrophilic O-CDs.

The optical properties of hydrophilic O-CDs were examined with UV-visible (UV-
vis) absorbance and FL spectroscopy at room temperature. Figure 4a depicts the UV-
vis absorbance band with three broad peaks; where n — 7* transition of sp® hybrid
orbitals present in C=O and C=N is substantiated by 317 nm and 7 — 7t* transition of sp?
hybrid orbitals (C=C) by bands in the range 249274 nm [18]. The fluorescent emission
of O-CDs under UV light irradiation is ensured by such a broad absorption band. In
carbon nanoparticles, the phenomenon of emission wavelength dependency on excitation
wavelength is a typical occurrence. The inset of Figure 4a shows the formation of brilliant
blue FL when a UV light (A = 365 nm) is exposed to the O-CDs, whereas no light is emitted
in the daylight. This physical examination gives an endorsement that the developed O-CDs
give off blue light due to the existence of functional groups attached to them. O-CDs
emitting blue light at 427 nm when excited at 360 nm using a UV lamp can be further
authenticated from the excitation and emission spectra shown in Figure 4b. It is fascinating
to note from the spectrum obtained in Figure 4c, that the intensity of the emission spectrum
changes with distinct values of excitation from 300420 nm. The emission intensity values
of O-CDs initially escalate for excitation values from 300-360 nm, and later decline upon
further increases in excitation from 370420 nm, with a shift towards a higher wavelength
pointing to the right side. Furthermore, the FL emission spectra display a redshift with
increasing excitation wavelength, spanning from 300 to 420 nm—which is noticeable in the
normalized FL emission spectra shown in Figure 4d. In general, CDs are used as fluorescent
probes for multicolor imaging on the grounds of their excitation tunability emission feature.
Here, the hydrophilic O-CDs showed a maximum FL around 427 nm with an excitation
of 360 nm. The quantum yield of O-CDs was calculated as 20% using Equation (1), with
quinine sulfate as reference [37]. The higher value of QY is accounted for by the presence of
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Absorbance (Counts)

Intensity (counts)

quantum confinement of peripheral surface traps present on hydrophilic O-CDs [24]. The
diverse sizes of O-CDs and the dispersion of distinct surface states related to the various
organic functional groups, i.e., hydroxyl, carboxyl, and oxygen-containing groups on the
surface of O-CDs, can be associated with the excitation wavelength-dependent emission
feature of O-CDs.

2
IsAR (ng)

2
IrAs (ng)
where, “I” is the measured integrated fluorescent emission intensity, “n” is the refractive

index of the solvent, and “A” is the absorbance (intensity). The subscript “R” and “S” refer
to the known fluorescent reference and standard for the synthesized sample, respectively.
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Figure 4. (a) UV-visible absorbance spectrum (inset: O-CDs aqueous solution under the illumination of daylight and

365 nm UV light), (b) excitation and emission spectra, (c) excitation-dependent emission spectra, and (d) the corresponding

excitation-dependent normalized emission spectra of the synthesized hydrophilic O-CDs.

3.2. Stability Studies of the Hydrophilic O-CDs

The photostability of O-CDs is an essential factor towards their implementation in
practical applications such as FL. chemosensors and bioimaging. For assessing the long-time
stability of O-CDs, UV light of 365 nm was shone on O-CDs at different time intervals stored
for long periods (1-85 days; Figure 5a). The FL emission spectrum reveals the formation
of peaks at the same wavelength (427 nm) position with a slight decline in intensity by
increasing the number of days. Additionally, the effects of various UV irradiation times
on the FL were studied over the range of 0-75 min, as shown in Figure 5b. Noteworthily,
no changes in the spectra with respect to its intensity and wavelength were observed.
This observation well confirms the fact that hydrophilic O-CDs have prolonged stability
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and photostability against FL photobleaching and are suitable for FL probes for label-free
selective and sensitive detection of metal ions.

400 400,
- )
2 c
< 300, S 300
S o
[*) O
~ ;200
VZOO' b al
2 ¥ B Y
[72] c
[ (]
@ 100, £ 100,
)
E £
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Figure 5. (a) Fluorescence emission spectra at different storage times and (b) Fluorescence emission spectra at different

irradiation times of the synthesized hydrophilic O-CDs (insets: O-CD aqueous solution under the illumination of 365 nm

UV light at different storage time and irradiation time).

3.3. Fluorometric Sensing of Metal Ions Using Hydrophilic O-CDs

The presence of various functional groups on hydrophilic O-CDs extracted from Oxalis
corniculata can be exploited for the sensing of various metal ions, cations, and other toxic
elements by accessing the quenching performance. Here these hydrophilic O-CDs were
subjected to various ions such AP, Ca%*, Cd?*, Co?*, Cr2t, Cu?*t, Fe3t, Hg2+, Mn?*, NiZ*,
Pb%*, and Zn?*, with the concentrations of metal ions at 1000 pM to predict the selective
FL quenching of Fe*, as shown in Figure 6a. From the spectrum, it was perceived that
the FL emission intensity of Fe** ions decayed drastically, indicating the influence of Fe3*
ions towards higher quenching effects on the FL behavior of hydrophilic O-CDs compared
to other ions. The FL quenching towards various ion selectivities was studied with a
bar diagram, as shown in Figure 6b. It was observed that Fe>* ions were detected easily
by hydrophilic O-CDs can be due to their remarkable affinity among them. Presumably,
Fe3* formed a complex with functional groups present on hydrophilic O-CDs and resisted
the hydrolysis process of Fe3* in solution. As a result, the Fe>* ions bind to amino and
carboxyl groups on the surface of O-CDs, disrupting the radiative transition and causing
FL quenching. Furthermore, these findings clearly showed that the O-CD FL sensor was
extremely selective for Fe** ion over other metal ions. The FL of aqueous O-CDs in the
presence of Fe>* ions was examined under normal (daylight) and UV light (365 nm) and
shown as the inset of Figure 6b. As shown in inset Figure 6b, the aqueous O-CDs in the
presence of Fe** ions displayed a yellow colour under daylight instead of pale yellow, the
color of the aqueous O-CDs (inset Figure 4a). However, the aqueous O-CDs in the presence
of Fe** ions under UV light did not emit any light because of the quenching of FL. These
digital photographs support the quenching effect of O-CDs in the presence of Fe* ions. To
study the quenching limit, Figure 6¢ shows the FL response of the synthesized hydrophilic
O-CDs in the presence of ferric ions with different concentrations ranging from 0 to 50 pM.
It was observed that with the increase in the concentration of Fe3* ions, the intensity of the
FL peak quenched gradually with no shift in emission wavelength. Figure 6d shows the
relationship between (Fy/F) and the different concentrations of Fe3* ions (0-50 uM); where
Fy and F represent FL intensities without and with Fe>* ions respectively. The linear graph
obtained indicates that Fy/F is linearly correlated, i.e., R? = 0.998, with the concentration
of Fe* ions. The FL of O-CDs is quenched in the vicinity of Fe>* ions due to electron
transfer/energy transfer (ET) between the O-CDs and metal ions, which may be used to
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identify metal ions effectively. The additional feature of O-CDs is that they can both donate
and receive electrons. Equation (2) is used to calculate the limit of detection (LOD):

LOD = 3¢ 2
S

where o is the standard deviation (n = 5) and S is the slope of the linear calibration plot.
LOD was calculated as 0.73 pM, demonstrating the sensitivity of hydrophilic O-CDs
derived from Oxalis corniculata in detecting lower levels of Fe3* ions in water using the
FL quenching method. Table 1 below shows the comparison study of various fluorescent
sensors derived from natural sources for the detection of Fe?* ions in water. Among
various compared reports, our findings exhibited moderate values for the obtained LOD
and QY [18,24,33,38,46-53].
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Figure 6. (a) Fluorescence response of the synthesized hydrophilic O-CDs in the presence of different metal ions (concentra-
tions of metal ions are 1000 uM) and (b) corresponding relationship between ((Fy-F)/F()*100 and different metal ions (inset:
photograph of O-CDs in the presence of Fe3* ions under normal (daylight) and UV light (365 nm)). (c) Fluorescence response
of the synthesized hydrophilic O-CDs in the presence of ferric ions with different concentrations and (d) corresponding

relationship between (Fy/F) and the different concentrations of Fe3* ions.

The presence of abundant functional groups such as carboxyl, hydroxyl, and amino
groups on the surface or edges of the O-CDs is confirmed from the characterization.
These functional groups have sensitivity to Fe** ions and make a coordination adduct (O-
CDs+Fe®* complex), which causes the FL quenching of O-CDs [54]. A plausible mechanism
for the FL quenching is shown in Figure 7. Quenching of O-CDs occurs by the intramolec-
ular photoinduced ET process from excited O-CDs to Fe3* ions. The electron-deficient
Fe** complexes with functional groups such as carboxyl, hydroxyl, and amino groups
on the surface of O-CDs lead to the splitting of the d-orbital of Fe>*. The electrons in the
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excited state of O-CDs were partially transferred to the d-orbital of Fe**. Thus, the electron
transition in the radiation forms (FL emission) is controlled and leads to fluorescence
quenching [55].

Table 1. Comparison of the different fluorescent sensors from natural sources for the selective sensing
of ferric ions in water medium.

Excitation LOD/Linear

No. Carbon Precursor (um) QY (%) Range (uM) Reference
1 Onion waste 380 28 0.31/ 0-20 [46]
2 Rice residue 365 23.48 0.74/3.3-32.2 [47]
3 Sweet potato 360 8.64 0.32/1-100 [48]
4 Black soya bean 360 38.7 0.096/0.2—300 [49]
5 Lychee waste 365 23.5 0.023/0-1.6 [50]
6 Cranberry beans 380 10.85 9.55/30-600 [51]
7 Phyllanthus acidus 350 14 0.9/2-25 [18]
8 Prunus avium 310 13 0.96/0-100 [38]
9 Chionanthus retusus 340 9 70/ 0-25 [24]

Diammonium
10 hydrogen citrate 420 46.4 19/0-300 [52]
11 Cellulose fibers 360 32 0.96/25-250 [53]
12 Kiwi fruit peel 360 19 0.85/5-25 [33]
. . This
13 Oxalis corniculata 360 20 0.73/10-50 Work

& N\ i = Functional Group
l

XCi S Excited Statg E

l

Ed Orbit of Fe3i

iGround State,i iGround Statei

Figure 7. Fluorescence quenching mechanism of the O-CDs in the presence of Fe3* ions.

4. Conclusions

Using Oxalis corniculata extract as a carbon precursor, an environmentally friendly,
low-cost, and simple approach for the synthesis of O-CDs was developed. The produced
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O-CDs had a near-spherical shape and an adequate degree of graphitization at the core,
with an average diameter of 4.5 nm. Raman spectroscopy studies confirmed moderate
graphitized O-CD carbon with disordered carbon planes due to surface functional groups.
ATR-FTIR and XPS spectroscopy investigations further confirmed the presence of vari-
ous phytoconstituents, i.e., carbonyl, amine, carboxyl, and hydroxyl groups, along with
nitrogen and oxygen-rich molecules of Oxalis corniculata found on the surface of O-CDs.
The biocompatible O-CDs, when subjected to UV irradiation with an excitation wave-
length of 360 nm, produced blue fluorescence at an emission wavelength of 427 nm. Due
of their functionality, biomass O-CDs have good water dispersibility /solubility and dis-
played strong blue FL without further surface modification. The O-CDs showed excellent
excitation-emission FL at a range of 300-420 nm, delivering a quantum yield of 20%. The
synthesized O-CDs with excitation-emission FL characteristics were utilized as a fluores-
cent probe to detect Fe>* ions in water with high sensitivity and selectivity. Furthermore,
the produced O-CDs have a high sensitivity and selectivity for Fe3* detection with an
LOD of 0.73 uM throughout a concentration range of 10 to 50 pM, suggesting that O-CDs
are an efficient chemosensor for Fe®* detection. Furthermore, crucially, these findings
may inspire the development of cost-effective, environmentally friendly, and long-lasting
high-fluorescence multifunctional carbon-based nanomaterials with a variety of future
uses, including environmental, biomedical, and optoelectronic applications.
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