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Abstract

Natural Carbon Quantum Dots (NCQDs) are known to contain photo
luminescence property and stand as a promising nanomaterial group.
Therefore, we intended to generate an intelligible and effective hydrothermal
procedure for performing the green synthesis of this material through the usage
of banana peel waste as a feasible and durable natural carbon source. The
obtained NCQDs were characterized by the means of UV-visible absorption
spectroscopy, spectrofluorometry, Fourier Transform Infrared Spectroscopy
(FT-IR), X-Ray Diffraction (XRD), zeta potential, Atomic Force Microscopy
(AFM), Field Emission Scanning Electron Microscopy (FE-SEM), Transmission

2022; Published: November 26, 2022 Electron Microscopy (TEM), and Thermo Gravimetric Analysis (TGA). The lack

of utilizing any toxic substances has guaranteed the safety of this procedure
in all the biological practices. Therefore, the high crystalline and spherical
morphology of synthesized NCQDS with an average roughness of about 5.9
nm were indicated by the results of TEM and XRD. We also observed a high
water stability and solubility due to the presence of hydroxyl and carboxyl group
and excitation- dependent emission performance with the satisfying quantum
yield of 12 %. The zeta potential of prepared NCQDs reached up to -27.4 mV.
Furthermore, in order to determine the low toxicity and favorable biocompatibility
of this product, we studied the toxic effects of NCQDs on the fibroblast cell line
of a normal mouse through the MTT assay. In conformity with the gathered data,
these NCQDs contain the potential of being utilized as a nontoxic carrier and
a fine alternative for bio-sensor, bio-imaging, and drug delivery applications.
The development of these NCQDs was completed with the objective of acting
as a highly sensitive fluorescent “on-off-on” switch sensor in the course of
the selective and simultaneous sensing of Sr?* and Co*. Fluorescence data
revealed that the binding constants of Sr?* and Co?* to NCQDs were to be 1.39
x 10* M and 1.58 x 10* M respectively. The observations were indicative of a
linear relationship among the Sr?* and Co?* ions volume and the fluorescence
intensity throughout the range of 0 to 0.1 mM.

Keywords: CQDs; Banana peel; Hydrothermal; Spectroscopy; FESEM,;
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substituting semiconductor QDs and organic fluorescent dyes for
science applications.In addition, considering their certain features,
this product can be applied in several applications of various areas
such as bio-imaging, sensing, photo catalysis, drug delivery, cancer
therapy, and etc [11,12,22,27,33,40,46,48,50,52,53,]. There are two
principal methods in general for synthesizing NCQDs that include
top-down and bottom-up routes. The cases of top-down methods
for synthesizing CQDs involve the usage of different bases such as
graphite, carbon fibers, coal, soot and biomass, which are performed
through schematic treatments including arc-discharge, laser ablation,
electrochemical oxidation, chemical oxidation, ultrasonic treatment,
and solvothermal procedures [10,13,15,20,25,29,39,44,47]. On the
other hand, the bottom-up approaches involve the synthesis of
NCQDs by the exertion of precursors similar to folicacid, gelation,
citric acid, and organic sources that include potato, grapefruit,
watermelon, peanut shells, and pineapple [19,23,30,38,41]. The
benefits of exerting plants for the fabrication of nano-particles

Introduction

Being the most proponent fluorescent nanoparticles, the
application of Semiconductor quantum dots can be vastly detected
as nanoprobe throughout the fields of sensing and bio-imaging due
to containing distinctive optical qualities [16,26]. In spite of this fact,
the concern for the toxicity of this substance to the health of humans
and environment, caused by the existing heavy metal constituents
in its structure, is gradually increasing [8]. The very first signs of
carbon quantum dots discovery was reported in 2004 in the course of
purifying single-walled carbon nano-tubes by the means of preparative
electrophoresis [51]. Standing as a new category of fluorescent small
carbon nanoparticles, Semiconductor quantum dots were considered
as a replacement for carbon quantum dots due to containing an
ultrafine smaller size, biocompatibility, super hydrophobicity,
excellent photo luminescent properties, low cytotoxicity, and
high chemical reliability [2,31]. The NCQDs can be applicable for
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NCQDs individual spherical particle chains

Mini-Abstract: The transmission electron microscope images of the prepared NCQDs and its individual spherical particle chains, scale bar indicates 100 nm along
with relative fluorescence intensity of NCQDs in the presence of various metal ions.
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have become evident by recent reports, which include their simple
availability, safe handling, and being biodegradable. Furthermore, the
usage of these waste sources for synthesizing purposes results in the
reduction of pollution and also helps in cleaning up the environment
from these waste materials [39,45]. Apparently, the fluorescence
functionality of NCQDs can be improved through a more enhanced
doping of hetero-atoms into the carbonaceous framework and
surface passivation and furthermore, more qualified CQDs can
be obtained facilely through the concurrent proceeding of hetero
element doping and passivation [1,23]. Due to accommodating
multifarious hetero-atoms, the simple synthesis of CQDs by natural
substances results in the production of products that contain varying
surface groups along with distinctive features without performing
any passivation or modification. Consequently, many investigations
have attempted to succeed in synthesizing CQDs by the usage of
different natural biomass/bio-waste [6,32]. In bottom-up approaches,
the synthesis of CQDs is performed through microwave irradiation,
hydrothermal-solvothermal treatment, hydrothermal method, and
plasma [9,36,41]. Standing as the most effective and facile technique,
hydrothermal method functions on water system and can provide
simple manipulation, un expensive apparatus, and fine selectivity on
water system [43]. This method has been exerted by many researchers
such as Arumugam Selva Sharma and co-workers, which performed
the synthesis of CQDs and achieved a size of 2-4 nm by the usage
of soy milk. Also, Sun and co-workers reported the synthesis of
CQDs from selenicerusgr and if lours through the hydrothermal

method while lacking the exertion of any additional oxidizing agents
such as ethanol [4,43]. In this work, an uncomplicated, cheap, and
applicable procedure for performing the synthesis of NCQDs by
the usage of banana peel through green and facile hydrothermal
method is introduced, which lacks the requirement of any chemical
materials and was followed by characterizing the obtained product
using different analytical techniques. The resulted NCQDs possess
bright fluorescence and satisfying stability, as well as a quantum
yield of 7.5 %. The results of Raman spectroscopy (D/G ratio of 0.85)
indicated the purity of our synthesized NCQDs, while this fluorescent
product was observed to contain a spherical shape with the average
diameter of 5.9+0.14 nm. Considering their physicochemical
features, the high potent of NCQDs as a promising product for mass
scale manufacturing, bio-sensor, bio-imaging, and other biological
implementations is undeniable.

Material and Methods

Materials

Banana was purchased from a local market in Mashhad, Iran.
Sodium hydrogen carbonate and EDTA were obtained from Merck
chemicals. All solvents were analytical grade and used without further
purification. Millipore was used throughout the study.

Preparation of NCQDs

These biocompatible NCQDs were synthesized from banana
peel waste via an innovative method, first we gathered some banana
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peels and dried them in the sunlight, 3gr of obtained brown powder
were added into 100 ml deionized water. This suspension was boiled
and stirred at 70°C for 2h. After 2h, the upper liquid of the obtained
solution were transferred into Teflon lined stainless steel autoclave.
The autoclave was tightly sealed then placed into the oven at 150°C
for 4h. Then, it had cooled to room temperature, the upper liquid
were centrifuged at 8317.6 rcf (8000 rpm. min) for 10 minutes. Next,
the obtained liquid passed through filter paper and the obtained light
liquid were filtered with 0.22m filter to remove the large substances.
For dispersing of the synthesized NCQDs, was done for 30 minutes.
The obtained liquid was natural carbon quantum dot solution. A part
of NCQDs was kept for UV-visible and PL spectra and the other part
of liquid was dialyzed (MW=35 kD) for about 24h (Figure 1).

Powder of NCQDs for characterization: A part of NCQDs
solution was taken out and vacuum freeze-dried (Freez dryer, operon,
Korea, 1500W) for 24 h at -70°C to produce solid brown powder.
The powdered samples were then stored at ambient temperature for
further characterization.

Characterization

The obtained NCQDs from banana peel through hydrothermal
method were characterized by various methods that conclude
spectroscopic and microscopic techniques.

X-ray diffraction (XRD): The obtain information of particle
sizer; crystallinity and phase purity of the synthesized NCQDs were
analyzed by using X-ray diffraction (XRD) analysis. X-ray diffraction
pattern was observed by using panalytical instrument (XPertoPro-
Holland). X-ray pattern equipped with Cu K radiation (wavelength
A= 1.54 A) with the targeted voltage of 40 kV and current of 30 mA.

We were used Scherrer’s equation
o 092

pLeoso
to calculated average crystal size (D,,)). D,,, is about the crystallite
dimensions of the diffracting planes of the miller that functions as
an indicator for hkl, A demonstrate the radiation wavelength (A =
1.5406 A), 0 represents the diffraction angle, K is the correction factor
(0.9), and B, , stands for the peak width at the half maximum height
(FWHM).

FTIR spectroscopy: 'The Fourier Transform Infrared
Spectroscopy (FTIR, Thermo-Nicolet, Avatar 370, U) to analysis
the functional groups of the samples in the spectral range of 400-
4000 cm™ and at a spectral resolution of 4 cmat room temperature
has been utilized. Due to the development of c-dots by the partial
oxidation of a carbon precursor, carboxyl or carboxylic acid groups,
hydroxyl groups and other/ epoxy are abundant on the surface of
c-dots and so far the investigation of these groups containing oxygen,
FTIR is a useful device.

DLS and Zeta potential: The Zeta Potential and DLS of the
samples have been measured through the usage Zetasizer Nano S90,
Malvern Instruments, (Malvern, UK) at room temperature. The
sample of NCQDs was distilled water that had been utilized as the
dispersant to avoid the effects of multiple scattering. We were used
DLS methods for determine the size of these synthesized samples and
also were used zeta potential for determining the electrical charges on
the surface of nanoparticles and stability in water.

FESEM: The surface morphologies and the size of NCQDs have
been assessed through the employment of FESEM by (TESCAN
MIRA 3, Czech Republic).This process is being coated by gold with
the magnification of 70.0 kx and at the accelerating voltage of 20 kV.

EDAX: Importance elements of the synthesized NCQDs such as
carbon, oxygen, nitrogen have been measured by the usage of Energy
Dispersive X-rays Spectroscopy (SAMX, Germany) at an accelerating
voltage of 15 kV.

TEM: The morphological features and particle size of sample in
order to understand information regarding shape, size and dispersion
were investigated with a Zeiss (EM10C, Germany) transmission
electron microscope (TEM) operating at 100 kV. These images were
prepared as follows: The dilute aqueous solution of the sample was
sonicated for 15 min (Misonix-S3000). Then, a portion of sample (20
uL) was dropped onto formvar carbon film on copper grid 300 mesh
(EMS-USA) and dried thoroughly at room temperature.

AFM: To analyze the surface topography and also size of the
obtained NCQDs, AFM imaging was performed by using Atomic
force microscope (Brisk model).The powder of sample NCQDs was
diluted in pure water and the designated samples have been sonicated
for 5 min and these has been positioned on a glass slide and dried
under room temperature.

Thermogravimetric analysis: We have used thermogravimetric
analyzer (TGA-50, Shimadzu, Japan) to characterize the thermal
stability of the involved samples, which had been carried out in air
atmosphere and at a heating rate of 10 °C/min that started from 20°C
and reached up to 560 °C. The weight loss of samples as a function
of the temperature has been indicated on TG curve. The Derivative
Thermogravimetric (DTG) curve has been utilized for the aim of
highlighting the district of temperature in which each phenomenon
has occurred.

UV-Visible spectroscopy: The UV-visible absorption spectrum
of NCQDs was measured by the usage spectrophotometer V-630
(JASCO, Japan).The sample was diluted in pure water. The UV
measurements were performed in the absorption wavelength of 200
to 800 nm at room temperature.

Spectrofluorometer: The fluorescent spectrum was evaluated
with single beam fluorescence spectroscopy F-2500 (Hitachi, Japan)
at room temperature. The obtained sample was diluted in pure water.
The diluted sample was carried out in different excitation wavelength.
(A= 300, 320, 340, 360, 380, 400, 420 and 440 nm)

Quantum yield determination of NCQDs: The quantum yield
(QY) of synthesized NCQDs was measured through the following
equation:

(Px = (Pstd(Ix/ Ax) (Astd/ Istd) (rlzx/ I125((!) (1)

Where ¢x is the fluorescence quantum vyield; x represents the
samples, std is the reference compound. Quinine sulfate dissolved
in 0.1 M H,, (9, = 0.54) was chosen as the reference. n is the
refractive index (1.33 for aqueous solution). A is the absorbance at
the excitation wavelength. I, is the integrated fluorescence intensity
under the fluorescence emission spectrum. In order to minimize re-
absorption effects, the optical absorbency values were below 0.1 at the

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Biosens & Bioelectron 7(1): id1041 (2022) - Page - 03



Chamani J

Austin Publishing Group

excitation wavelength.

Cytotoxicity Assessment Method

The ability of certain chemicals or mediator cells to destroy
living cells is known as cytotoxicity. In vitro cytotoxicity studies
of the synthesized NCQDs from banana peel waste was performed
on mouse normal fibroblast cell line by MTT assay to determine
the biocompatibility and the suitability of the prepared NCQDs.
Mitochondrial enzymes in live cells reduce soluble, yellow 3-(4,
5-dimethythiazol2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) to
an insoluble, purple formasan product. This insoluble product which
have been cultured in Dulbecco’s Modified Medium (DMEM) and
incubated at a temperature of 37°C and 5% CO, is then dissolved in
a solvent and measured to evaluate the viability of fibroblast cells.
In order, the cell viability assay the fibroblast cells has been seeded
onto 96-wells plates (ELISA), which accommodated a density of
10,000 cells per well, and have been allowed to adhere overnight.
Subsequently, after shifting the medium and they had incubated
(37°Cin 5% CO,) for the duration of 24 h the cells have been allowed
to face the intensifying concentrations of NCQDs. A blank (DMEM
without cells) and a positive control sample (DMEM with cells) have
been evaluated as well, while every single treatment has been analyzed
in quadruplicate. We have substituted the spent medium with 100
ul of fresh medium and thus, have appended 10 pl of MTT solution
(5 mg/ ml PBS, sterile) to each well while incubating them for a
period of 4h (37 °C, 5% CO,); this process resulted in the fabrication
of purple formazan crystals. As the next step, the prepared crystals
have been dissolved through the addition of 100 pul of DMSO to each
well subsequent to conveying the medium. The enzymatic reduction
of yellow tetrazolium MTT to purple formasan has been measured
by the application of a Synergy™ HT Multi-mode Microplate Reader
(Biotek Instruments, Winooski, VT, USA) at 570 nm. The percentage
of cell viability has been calculated through the utilization of Eq. 2.

A exp- A ctrl @)
A pos - A ctrl
Where A_ is related to the absorbance of NCQDs experiment

Cell viability =

(NCQDs + cell), A control would be the absorbance of the blank
sample (Dulbecco’s Modified Eagle’s Medium (DMEM) without
cells), and A positive demonstrate the absorbance of positive control
(DMEM + cells).

Result and Discussion

Physicochemical Analysis of Natural Carbon Quantum
Dots

XRD pattern: The crystalline structure, average crystallite
size and purity of as-prepared nanoparticles were determined by
XRD which are shown in (Figure 2). The XRD analysis of NCQDs
demonstrated the well-defined, wide and major peaks centered at
28.42(002) and 40.71(101) also low density diffraction peak at 18.38
(002) which illustrating amorphous carbon phase and presence of
graphite carbon [21,34]. Furthermore, the Average crystallite size was
estimated 22 nm with Scherer formula.

FTIR spectroscopy: The functional group and surface structure
of obtained NCQDs and banana peel have been analyzed through
the usage of FTIR spectroscopy in (Figure 3). The characterized
absorption bands at 3417.12 cm™ attributed to large number of
hydroxyl group residues (-OH) [3]. The stretching vibration band of
2926.11 cmwas mainly due to aliphatic C-H stretching vibrations
in methylene groups present in banana peel [35]. The stretching
vibration band of at 1699.43 cm™ that represent the presence of
carboxylic acid and other oxygen containing functional group
[3]. The peaks around 1609.03, 1078.32, 1254.03, and 1395.89 cm
corresponded to the respective functional groups stretching vibration
band of C=C, C-O-C, C-N, C-N-C, respectively that indicate the
presence of oxygen and nitrogen element in/on the surface of NCQDs
[5,7]. The presence of these functional groups on the NCQDs surface
is responsible for their excellent dispersion in aqueous media [37].
Moreover, the peak at 780.02 cm™ was identified of vibration -C-H in
the synthesized NCQDs. The difference between the FTIR graphs of
NCQDS and banana peel can be mentioned these peaks which were
disappeared in NCQDs, the peaks of stretching =CH3 (2851.16 cm-
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Figure 1: Schematic illustration of the formation of fluorescent NCQDs from banana peel waste via hydrothermal treatment.
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Figure 4: DLS measurement for aqueous solution of as-synthesized NCQDs.
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Figure 2: XRD pattern for the powder of obtained NCQDs at 26= 18.38, 28.42 and 40.71.
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Structural Analysis of NCQDs

DLS and Zeta potential analysis: DLS analysis is a commonly

method to survey the hydrodynamic diameter in colloidal solution
which is shown in (Figure 4). The results indicate that the NCQDs
are about 70 nm in size, which may be due to the agglomeration
of the particles. Zeta potential analysis of NCQDs was employed
to characterize the surface charge and stability of the synthesized
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NCQDs as result revealed. The zeta potential value is shown in
(Figure 5). A zeta potential value that had been -27.4mV which
indicates the negatively charged carboxyl (-COOH) and hydroxyl
(-OH) functional group on the surface of NCQDs [54].

Microscopic images: Field-scanning electron microscopy (FE-
SEM) was investigated the morphology of samples and along with size
distribution (Figure 6). The FE-SEM image approximately illustrated
the presence of spherical shape of NCQDs (Figure 6a). The average

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Biosens & Bioelectron 7(1): id1041 (2022) - Page - 06



Chamani J

Austin Publishing Group

(a)

(b)

"
n

Frequency’
-

0.5

T
5.5

Size distribution / nm

Figure 7: The transmission electron microscope images of the as- prepared NCQDs (a) scale bar indicates 200 nm, (b) shows individual spherical particle chains,
scale bar indicates 100 nm, (c) demonstrated the size distribution histogram of the prepared NCQDs with the average size of 5.9 nm.
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Figure 8: AFM images of the NCQDs, (a) two dimensional image of NCQDs and (b) three dimensional image of NCQDs (b).
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size distribution of NCQDs was about 17 nm that demonstrated
in the histogram (Figure 6b). The statistical analysis of samples
dimensions based upon the FE-SEM images have been measured by
using of image J software. Energy Dispersive Electron (EDX) attached
with FE-SEM was used for elemental analysis of NCQDs. The EDX
pattern (Figure 6¢) represent the peaks of carbon, oxygen, nitrogen
and sulfur with 73.04A%, 23.16 A%, 2.06 and 0.04A% respectively
which confirmed NCQDs synthesis. The absence of any extra peaks
in the spectrum shows the formation of pure AU oxide nano-sheets.

The information of CQDs was confirmed by TEM investigation
(Figure 7). The specific small area in (Figure 7a) magnified and showed
in (Figure 7b) which clearly revealed that the prepared NCQDs were
mono-dispersed with the spherical morphologies. The statistical
analysis of samples dimensions based upon the TEM images have
been carried out through the utilization of Image J software which
display in (Figure 7c). The histogram showed the average size of the
obtained NCQDs was 5.9 nm.

The topographical images were utilized for measuring the size of
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Figure 10: Optical properties of NCQDs: absorption spectra of the NCQDs in aqueous solution (A,,=280 nm) in PL emission spectra of the NCQDs in aqueous
solution at different excitation wavelengths (A = 280 and A, = 300, 320, 340, 360, 380, 400, 420 and 440 nm) in b.

roughness of NCQDs. The two dimensional and three dimensional
AFM images of NCQDs are shown in (Figure 8). It was observed that
the NCQDs were found to be very small and spherical shape (Figure
8a) and the surface roughness were illustrated in (Figure 8a).

Thermogravimetric Analysis

To estimate the thermal stability and rate of weight changes of
the sample (weight loss), TGA measurement of banana peel and
the obtained NCQDs were performed and results are presented in
(Figure 9). The first peak, below 150°C is related to absorb water
which leading to approximately 5% loss of weight. The second, from
180°C to 260°C is slower which is related to 10% loss of weight, the
third, from 260°C to 420°C, the weight loss is faster which leading
20% loss of weight. From 420°C to 520°C and later areas the weight
less is slower and finally each elements of NCQDs decomposes at
a certain temperature. It was demonstrated that the NCQDs was
decompose slower than raw sample.

Optical Properties of Natural Carbon Quantum Dots
To study the optical properties of the synthesized NCQDs from

banana peel, UV-visible absorption and PL-spectra was performed
(Figure 10). The optical absorption peak of NCQDs aqueous solution
in UV-visible region illustrated in (Figure 10a). The strong peak at
about 280 nm is attributed to the m-m*transitions of C=C sp? bond.
According to the reports, almost all carbon dots of different luminous
colors demonstrate analogous 200-350 nm absorption in UV region;
these peaks are originated from the conjugate sp? structures in the
core part of NCQDs [14,27]. (Figure 10b) indicated the PL spectra of
NCQDs aqueous solution show at a different excitation with varying
from 280 nm to 440 nm at intervals of 20 nm. The increasing excitation
peaks demonstrate at 360 nm which show the high intensity emission
appears at 384.1 nm in the obtained NCQDs and after that the
intensity emission gradually decrease. Besides, The PL emission of the
NCQDs is gradually red shifted, which increase in upper excitation
wavelength, demonstrating the excitation-dependent property of the
NCQDs.

MTT Assay

Biocompatibility and bio viability are indispensable factors that
must be considered for being utilized in future medical applications.
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To examine the biocompatibility behavior of the obtained NCQDs,
we studied the in vitro cytotoxicity of the samples by MTT assay. It
has been confirmed by the in vitro cytotoxicity examinations that
the NCQDs have not caused any cellular toxicity influences on the,
mouse normal fibroblast cell line, which is represented in (Figure 11),

and have verified this result in different doses (0.0039 to 0.5 mg/ml).
Reaction of NCQDs to Sr?* and Co?

Carbon quantum dots [17,18] are most commonly exerted for ion
detection and in this regard, its disappearance throughout (Figure
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12a) approved the effect of Sr** and Co?* presence in quenching the
fluorescence of NCQDs. In order to analyze the selectivity of NCQDs
towards Sr** and Co*, the fluorescence intensity was evaluated in the
appearance of several ions. In conformity to (Figure 12a), although
Sr** and Co**caused a reduction in fluorescence intensity, yet there
were no specific alterations observed throughout the F/F of NCQDs
subsequent to immitting 0.1 mM of other common metal ions (AI**,
Ba*, Ca*, Sr*, Co*, Cd*, Cu?, Fe**, Hg*, K", Li*, Mg*, Ni*, Ag*,
Zn*"). Therefore, the applicability of NCQDs in monitoring Sr** and
Co?**was indicated by the achieved outcomes.

Ncqds for the Detection of Sr?* and Co?*

In this section, an assessment was performed on the interference
of other common ions on the quenching of Sr** and Co* to better
comprehend the viability of the progressed NCQDs in practical fields.
According to (Figure 12b and c), the impact of interference can be
disregarded [49] upon the coexistence of other metal ions with Sr**
and Co?, respectively. Thus, it can be suggested that the CQDs can
exhibit a satisfying identification for the detection of Sr** and Co**in
the lack of other metal ions interference.

CQDs are capable of acting in the role of fluorescent sensors for
detecting the content of Sr** and Co*". (Figure 13a and b) presents
the fluorescence emission spectra of NCQDs solution next to the
increasing concentrations of Sr** and Co?". Subsequent to having
reactions for 3 min at 25°C, the measurement of fluorescence spectra
was completed under the excitation wavelength of 365nm. A gradual
reduction was caused in the intensity as the concentration of Sr** and

Co**was increased, which implicated the invariability of spectra’s
shape and position.

The provided Stern-Volmer equation in the following represents
the relationship of the relative fluorescence intensity values and the
concentrations of Sr** and Co**

F/F=1+K [Q] ©)

Inthe Eq. 3, F and F stand for the fluorescence intensity of NCQDs
throughout the absence and attendance of the ions, respectively, [Q]
represents the volume of Sr** and Co**, and K__ refers to the quenching
association constant.

According to the obtained fitting curves from the ratios of
F/F and the volume of two cations, a fine linearity was achieved
throughout the range of 0-0.1 mM with the correlation coefficients
0f 0.9955 and 0.9944 for Sr** and Co*', respectively (Figure 13c). The
K, values of the binding of Sr** and Co** to NCQDs were to be 1.39
x 10* M and 1.58 x 10* M respectively that showed more binding
affinity of Co?* to NCQDs than to Sr** that reveal the NCQDs can be
considered as a sensor with more sensitive.

Conclusions

This paper has demonstrated a new method for the synthesis of
natural carbon quantum dots by the usage of banana peel. In this
process of banana peel waste examining for the NCQDs synthesis,
a bio-friendly and highly luminescent NCQDs synthesis is being
reported, without any use of additional oxidizing agents. The
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resultant NCQDs with an acceptable quantum yield of 12 % show
high water stability and solubility has spherical morphology with an
average 5.9 nm, exhibits an acceptable degree of graphitization and
their zeta potential reached up to -27.4 mV. Further, we studied the
effect of these on mouse normal fibroblast cell line by MTT assay
that showed the synthesized NCQDs have low toxicity and favorable
biocompatibility. These results may motivate the cost-effective,
green and sustainable synthesis of highly fluorescent multifunctional
carbon-based nano-materials with various future potential biological
applications. The exertion of the produced NCQDs in the form of
a highly sensitive and selective sensor for the detection of Sr** and
Co?, which was contingent on a fluorescence on-off switch model,
proved to be quiet successful. The K values of Sr**-NCQDs and Co**-
NCQDs for Co?* is more sensitive than Sr?*.
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