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Abstract- Nowadays, carbon quantum dots (CQD), a member of the nanoparticle family, are gaining
popularity due to their advantageous optical and energy properties. It is vital for the continued
sustainability of the environment that the chemicals and processes used in the synthesis of such materials
are eco- friendly. The aim of the research will be to synthesize biocompatible CQDs from various waste
biomass sources that are carbon sources using green chemistry hydrothermal and solvent thermal
methods, as well as to develop and modify surface properties. First, CQDs were synthesized from various
biocompatible biomass sources using green chemical hydrothermal and solvothermal methods. The UV-
VIS, FT-IR, SEM/EDX, MAPPING, ZETA sizer and fluorescent microscope analysis methods were used
to examine the structural properties of the obtained CQDs. In addition, the color spectra of the dispersion
samples were determined using a UV-Lamp. According to the obtained UV-VIS analysis results, it was
determined that CQDs absorb light at 284nm. Although CQDs are transparent and yellow under daylight,
they have been observed to emit a particularly bright blue fluorescence under UV light (365nm). Blue
fluorescence spectrums in the literature indicate the presence of CQDs between 2 and 5 nm.

Keywords-Biomass, Morus Nigra L., Silybum Marianum, Cqds, Green Chemistry, Hydrothermal And Solvothermal Method.

I. INTRODUCTION

Today, the use of green chemistry synthesis methods in the synthesis of nano-particles(NPs) in order to
develop sustainable production systems and use resources efficiently is attracting attention day by day.
The development of synthesized NP properties is one of the main goals of scientists. In addition, it is
among the targets to increase the environmentally friendly NP catalysis effects by using non-toxic,
environmentally friendly chemicals and materials. These approaches are aimed at reducing the negative
environmental impact of synthesis by reducing waste, solvents used during synthesis, precursors, and
derivatives [1]. Moreover, in addition to the intensification of research on the use and applications of
renewable raw materials, it has been observed that the green chemistry synthesis method in the synthesis
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of CQDs has positive advantages (such as eco-friendly, low toxicity, energy-cost, reusability, safe and
sustainable) [2].

CQDs are among the nanomaterials. Besides being nano-sized crystals, they have semiconductor
properties [3]. Quantum dots (QDs) are generally artificial compounds obtained from the II-VI and III-V
group compounds of the periodic table (for example, CdSe, CdTe, CdS, and ZnSe), and their diameters
vary between 2 and 15 nm [4]. A semiconductor QD consists of a semiconductor core and a shell that
protects the core from oxidation and increases the quantum yield [5]. In applications, the performance of
QDs can be increased with the help of the hydrophobic or hydrophilic nature of the shell surface and the
ligands used. Semiconductor NPs have a wide range of applications such as biotechnology, electronics,
laser systems, optical circuits, and marking due to their different optical and energy properties depending
on different particle sizes. One of the features that makes semiconductors important is their electrical
conductivity, which can be changed during use with some external stimuli (voltage and temperature
difference, photon bombardment) after production. These properties have made it possible to use light-
emitting diodes (LEDs) in the imaging industry. The use of CNs, which have an energy band gap to adapt
to the wavelengths of the rays coming from the sun, in solar cell studies has added a new dimension to the
studies and increased the studies of scientists on this subject. The use of CNs in biotechnological
applications has increased in parallel with the rapid developments in nanotechnology, and an important
step has been taken in bioimaging, diagnosis, and follow-up of diseases in the fields of medicine and
biology [2].

Recently, the reasons for the use of biomass-derived and biocompatible CQDs instead of toxic QDs in the
field of health include modification of their sizes depending on the synthesis methods, irradiation in
different colors (spectra) thanks to their crystal sizes, and their use as fluorescent probes for medical
diagnosis and imaging. They are biocompatible and use biomass as a carbon source in their production.
CQDs are obtained with dots top-down and bottom-up approaches [6], electrochemical carbonization [7,
8], laser ablation [9, 10], and microware irradiation [11-13] methods. However,
hydrothermal/solvothermal methods are preferred because of their cheap costs, ease of application and
environmental (non-toxic) properties [14-20].

Silybum marianum (Virgin Mary Thistle) is a source of biomass. Seeds of Silybum marianum contain 1 to
6% silymarin (C25H22010). Important compounds such as silybin, silydianin, and silicristin are found in
silymarin, which is responsible for pharmacological action [21]. On the other hand, studies have shown
that Morus nigra L (Black Mulberry BM) has important effects on human health and nutrition due to its
phenolic compounds, organic acids and sugar content [22]. The main content of black mulberry
anthocyanins on lung cancer cells reported to have an inhibitory effect cyanidin-3-
glycoside(C21H21CIO11), cyanidin-3-rutinoside(C27H31CIO;5), pelargonidin-3-glycoside (C1sH11CIOs) and
pelargonidin-3- rutinosite(C27H31014 ) [23-25].

In this study, which was carried out, the production of CQDs by green chemistry
hydrothermal/solvothermal synthesis methods using different biomass waste and food sources such as
Silybum marianum (Virgin Mary Thistle( VMT)), and Morus nigra L (Black Mulberry Jam BMJ;
homemade) BMJ. Furthermore, the surface charges of the obtained CQDs were examined(CQDs obtained
from VMT and BMJ were called as sample 1 and 2, respectively). It was observed that the applied
synthesis method may be successful in obtaining CQDs of the desired sizes. One of the unique features of
the method used in the synthesis of CQDs is that it is both environmentally friendly and biocompatible.
Furthermore, the effects of synthesis temperature, raw material amount, solvent amount, and synthesis
times on the sizes and yields of CQDs will be investigated in future studies.

This presented paper has been successfully realized on the obtained CQDs with UV-VISIBLE (for
determining light absorption values) and FT-IR (for determining functional groups). Images of carbon
quantum dot samples under UV light were performed using a UV fluorescent lamp with a wavelength of
365 nm. In addition, fluorescent microscope analyses on samples 1 and 2 were performed using 5
different filters at wavelengths (emissions) of 420-460, 600, 400-440, 575-625, and 510-550nm. The data
obtained are given in detail in the results section.
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II. MATERIALS AND METHODS

Synthesis of CQDs

A new recipe was created according to the results obtained after the literature review. First, CQDs were
synthesized using green chemistry hydrothermal/solvothermal methods at different temperatures and
times with certain biocompatible biomass sources. The schematic representation of the synthesis methods
is given in Figure 1 in detail.
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Fig. 1 Synthesis procedures of CQD.

Synthesis steps:

-First, the biomass and food resources were prepared (pre-treatment is done by grinding and crushing).
Moreover, jam made from natural blackberries was used as a raw material (carbon quantum) source.

-It was sifted(especially biomass samples) after grinding (for a sample with a homogeneous diameter).

-Biomass samples of the determined amount and diameter were weighed separately and placed in a
Teflon autoclave by adding a certain amount of solvent (pure water (H.0O) was used as a solvent for the
hydrothermal method, and a water/ethanol (C;HsOH) mixture was used for the solvothermal method).
Then it was kept in an oven at the specified temperature and time(Figure 1). The sample, which was
removed from the oven, was dispersed in 20 ml of water by grinding with a mortar after cooling. After the
dispersion process, 10 ml samples were taken and centrifuged at 4500 rpm for 2min.. Then, 2 mL samples
were prepared by taking from the upper clear sample part. Afterward, samples were centrifuged at 15,000
rpm for 30 min.

III. RESULTS AND DISCUSSION

Characterization studies

Following centrifugation, the liquid and solid components were separated. The obtained samples were
analyzed using UV-VIS instrument between 280 and 600 nm. The results are given in Figure 2 (a). The
obtained results showed that the synthesized CQDs had spectrum values less than 300 nm (284 nm).
Furthermore, they were found to be compatible when compared to the literature studies obtained.
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Fig. 2 a) Results of comparative UV-Vis analysis for samples 1 and 2, b) Results of comparative FT-IR analysis for samples 1
and 2( dispersion), ¢) Results of comparative FT-IR analysis for samples 1 and 2( solid phase).

FT-IR analyses of samples 1 and 2 were performed using the ATR (attenuated total reflection) method
between 400 and 4000 cm™ wavelengths. The biggest advantage of this technique is that it facilitates the
analysis of liquid samples (Figure 2(a, b). Figure 2 (a) shows the FT-IR results for samples 1 and 2 in the
liquid phase. It is predicted that the results being compatible with each other are due to the fact that the
sizes of the CQDs in the liquid are in a certain range. It was observed that the FT-IR analysis results of
the solid sample were consistent with the literature (Figure 2 (c)). Figure 2(b) shows the FT-IR results for
samples 1 and 2 in the liquid phase. It is predicted that the results being compatible with each other are
due to the fact that the sizes of the CQDs in the liquid are in a certain range. FTIR analysis of solid
samples revealed the presence of several major bands. The one at 3310-3550 cm™ (3345 cm™ ) in both
spectra is usually attributed to OH stretching [26, 27] and H bonds in COOH groups, but it can also be
attributed to alcohols, phenols, and even water. The weak stretching of the C-C bond can be seen in the
broad absorption centered at 2265 cm™! [26]. Furthermore, the three obvious absorption peaks at 2920 cm™
1,1388 cm™!, and 550-585 cm™! are associated with the stretching and bending vibrations of CH, C=C, and
=C-H, indicating the presence of alkyl and aryl groups, respectively [27]. The wide band gap of 3000-
3500 cm™ in the FTIR spectrum of the dispersion samples corresponds to the O-H and N-H structures
[26, 27]. An aromatic C=C structure was observed between wavelengths at 3200-3250 cm™'. In the band
gap of 22002100 cm™! 1620-1640cm™ [16], H-O-H, C=0, and C=C structures were obtained. In addition,
the stretch between 1630-1720 wavelengths indicates the CHj3 structure [26].

Surface charges and particle size dispersion of synthesized carbon quantum dots by calculating the zeta
potential were carried out. According to the results obtained, the zeta values were obtained as -6.5 mV
and -2.92 mV, respectively. Zeta potential value stable importance for emulsion and suspension
measurement carries. Above +25 mV of zeta potential or values below -25 mV the region where
emulsions and suspensions are stable shows. If it is not between these values unstable and thus colloidal
systems tend to agglomerate and precipitate [28]. Also, the surface charge values being close to zero may
be very important for stability.

The particle size distribution of samplel was observed to be concentrated between 15.64-24.36 nm and
255-712.4 nm (Figure 3 a, b). Sample 1 showed two different distributions, whereas sample 2 showed a
single distribution( between 78,82-122,4 nm)(Figure 4 a, b). It is predicted that this situation is due to the
fact that no tracking and ultrasonic treatment is applied on the samples before the analysis. That is, it is a
result of agglomeration of the samples.
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Fig. 3 The particle size distribution(a) and Zeta analysis (b) of samplel.
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Fig. 4 The particle size distribution(a) and Zeta analysis (b) of sample2.

For SEM/EDX analyses, liquid samples (1 and 2) were dropped onto the sticky paper after filtration and
centrifugation. Then, the drying processes were carried out under room conditions. Following that, SEM(
Figure 5a-d), MAPPING (Figure 6a-d) and EDX(Table 1) analyses were performed. In particular, it was
observed that the particles of sample 1 formed spherical structures by agglomeration (Figure 5 (a)). CQDs
are a specific group of the previously described nanomaterials that are spherical objects of a size below 10
nm with a carbon core. According to the results obtained, it was predicted that the conditions used for
centrifugation and filtration applied to CQDs should be improved. When the mapping analysis results are
examined(Figure 6a-d), it is observed that the C element is very dense in the structure. In addition, these
results are supported by EDX results(Table 1).
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Fig. 6 MAPPING analyses of Sample 1 (a, b), and Sample2 (c,d).

In addition, fluorescent microscope analyses on samples 1 and 2 were performed using 5 different filters
at wavelengths (emissions) of 420-460, 600, 400-440, 575-625, and 510-550 nm. The obtained results are
given in Figures 7(a-e), and 8(a-e).

Table 1. EDX results of patterns.

CQDs C(% atom) O(% atom)
Sample 1 74.95 25.05
Sample 2 68.43 31.57
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Fig. 7 Sample 1 Fluorescent microscope image a) 420-460nm, b) 600nm, c) 400-440nm, d) 575-625 and e) 510-550.
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Fig. 8 Sample 2 Fluorescent microscope image a) 420-460nm, b) 600nm, c) 400-440nm, d) 575-625 and e) 510-550.

CQDs are not clearly visible on 100 pm scale images. However, when viewed in detail or when the
images are enlarged, the CQDs appear to clump together (aggregate). It is known that in the visible region
of the light and electromagnetic spectra, there is radiation of different colors depending on the material
(atom or particle size) light interactions. It is seen that these radiations are observed in fluorescent
microscope images (Picture 7, 8(a-e)). The color spectrums of CQDs samples under UV light were
determined using a UV fluorescent lamp with a wavelength of 365 nm. The obtained images are shown in
Figure 9(a-d). Although CQDs are transparent and yellow under daylight, they have been observed to
emit a particularly bright blue fluorescence under UV light. Blue fluorescence spectrums correspond to
the presence of CQDs between 2 and 5 nm.
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Fig. 9 365 nm UV-LAMB images of dispersion samples.

Additionally, fluorescent microscope images data and particle diameters of the samples with the Gaussian
model were examined using the ImageJ (Fijiwin64-Fiji.app) program[29]. Figures 10 and 11 show
estimated values obtained from fluorescent microscope images and the Gauss model, respectively. The
zeta potential analysis, on the other hand, revealed that the particle sizes were around 100 nm (Figure 4
a). The reason the results are like this is that the CQDs are collected before analysis.
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When the fluorescent microscope images obtained at different emission values are examined, it can be
thought that CQDs points of the desired sizes are not synthesized. CQDs are not clearly visible on 100
um scale images. However, when viewed in detail or when the images are enlarged, the CQDs appear to
clump together (aggregate). It is known that in the visible region of the light and electromagnetic spectra,
there is radiation of different colors depending on the material (atom or particle size) light interactions. It
is seen that these radiations are observed in fluorescent microscope images (Figure 7 and 8(a-e)).
Especially the SEM images of sample 1 support this idea(Figure 5 a).

As a result of the characterization analysis performed, it was determined that the CQDs obtained were
agglomerated rather than colloidal in structure. Accordingly, CQDs sizes were observed to be
concentrated at 10 nm for Sample 1. However, it was determined that agglomeration was greater in
Sample 2. On the other hand, it has been observed that they emit a particularly bright blue fluorescence
under UV light. Moreover, the particle sizes, dispersions and R? values of sample 1 and 2 were calculated
using the Gaussian method and images from a fluorescent microscope (emission wavelengths of 400—440
nm). R? values of sample 1 and 2 were obtained %92.425 and 96.354, respectively( Figures 10 and 11
(b)). According to the results obtained, the minimum, maximum, and average diameter values of CQDs
were calculated as 2.61, 5.07, 3.078, 0.733, 6.18, and 1.537nm, respectively (Figure 10 and 11 (a, b).

The surface becomes negatively charged due to the ionization of surface groups and the dissociation of
acidic groups on the surface. The surface becomes positively charged due to the dissociation of basic
groups. The magnitude of the surface charge is determined by the acidic or basic strength of the surface
groups as well as the pH of the solution. If all of the particles have a very large negative or positive zeta
potential, they repel each other and the dispersion becomes stable. Dispersion instability (agglomeration
and precipitation) occurs when the particles have a low zeta potential ( between -30 and +30mV) because
there is no force preventing the particles from aggregating (Figure 6). The negative charge formation on
the surface of carbon quantum dots is due to NH> and OH groups [30].

IV. CONCLUSION

In this study, the synthesis of CQDs from biocompatible biomass and food sources using hydrothermal
and solvothermal methods was investigated. The aim of the research was to synthesize novel types of
biocompatible CQDs from various waste biomass and food sources that are carbon sources using green
chemistry principles with hydrothermal and solvent thermal methods. In this context, it is anticipated that
these preliminary studies will be useful for the evaluation of carbon quantum dots in different application
areas(biological applications) in the future. Especially, the success of the functional groups of CQDs in
bioapplications (such as imaging, biosensors, and drug delivery) depends on their interaction with
structures such as NH>. NH> group grafting with amines such as 2-ethylenediamine, poly(ethyleneamine),
or trimethylamine can increase affinity to biological structures. Incorporation of nitrogen atoms improves
resistance to photobleaching and imagining resolution. Also, nanodots are useful in the optical imaging of
cancer cells and biomarkers.

According to the analysis results obtained, it is predicted that the surface functions and dimensions of
CQDs will be modified. It was determined that the 15000 rpm centrifuge and the 0.22 pum filter used were
not sufficient. However, it is thought that the desired sizes will be obtained by separating the aggregated
CQDs from each other by sonic processing before the particle size analysis.
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