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Abstract. There is an increasing demand for creative ways to turn garbage into useful resources as
environmental sustainability becomes more and more of a global concern. Carbon dots can be synthesized
using organic materials, one of which is bitter melon skin. The goal of this research is to create an
economical and environmentally friendly process for creating carbon dots from organic waste. The bitter
melon peel synthesis process uses a bottom-up method with microwave techniques. Furthermore, c-dots
were characterized using a UV-Vis spectrophotometer to determine the absorbance value and wavelength
and FTIR (Fourier Transform Infra-Red) to determine the functional groups contained in the sample. The
UV-Vis spectrophotometer characterization results obtained an absorbance value of 3.311 and a
wavelength of 206 nm. FTIR results show the presence of O-H and C=C functional group bonds indicating
that this synthesis process has been successfully carried out.
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Introduction

Carbon dots (C-dots) are a type of nanomaterial that has a size of less than 10 nm [1]. C-dots
have an amorphous, spherical structure, and are also water-soluble and non-toxic [2]. C-dots also
have good resistance to light (photo) and chemical degradation, tunable fluorescence emission,
and excitation, high quantum vyield, and large Stokes shift [3]. Synthesis of C-dots can be done
with organic materials such as C-dots made from shallot peel [2], mango leaves [4], corn, mustard
greens, potatoes [5], bamboo leaves [6], seeds, dried coriander pods [7] and binohang leaves [8].
In this research, bitter melon peel was used as the basic ingredient for making C-dots.

C-dots have efficient emission in the visible light range, indicating good carbon emitters'
development [5]. One of the distinctive properties of C-dots is that they can fluoresce. The
luminescence in C-dots comes from electrons moving from one state to the ground state in the
form of photons.

C-dots have several advantages, namely having strong photoluminescence, being inert or easily
soluble in water, non-toxic, and not easily photobleaching so that carbon dots can be developed
in a wide range of applications, examples of C-dots that have been developed to date are as a
substitute for optoelectronics such as LEDs, displays, sensors, and solar cells [9]. C-dots have
been widely used as fluorescent sensors that not only have good optical properties but C-dots
are also more environmentally friendly. In addition, the manufacturing process of C-dots is not too
complicated and can be made from organic materials so it is environmentally friendly. Especially
in Indonesia, renewable biomass is a major component of the global energy supply [10]. Although
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there is a lot of biodiversity in Indonesia, it hasn't been completely utilized [11]. One of the
biodiversity that is easily found is waste of melon peel. It is used to fabricate c-dots

C-dots can be synthesized in two ways, hamely top-down and bottom-up. The "top-down" method
determines the preparation of CDs by fragmentation of large carbon precursor molecules into
nano-scale particles, while the "bottom-up" method determines the transformation of CDs from
suitable molecular precursors under specific conditions [12]. Top-down methods include arc
discharge, laser ablation, electrochemical oxidation, chemical oxidation, and ultrasonic synthesis.
Bottom-up methods include microwave synthesis, thermal decomposition, hydrothermal
processing, template routing, and plasma processing [6]. C-dots have optical, electrical, and
hydropholic properties that are affected by the use of precursors, reaction conditions such as
temperature, time, solvents, and different separation processes. Therefore, C-dots synthesized
with different methods and conditions will have different properties [13].

Research [12] carbon dots produced from activated and non-activated pyrolytic carbon black
obtained from waste tires chemically oxidized with HNO3s showed the effect on the properties of
carbon dots analyzed using FTIR which showed the presence of O-H functional groups at a
wavelength of 3361 cm™, C=C at a wavelength of 2100 cm™, -COOH at a wavelength of 1377
cm?, and NO; at wavelengths of 1639 cm™* and 600 cm™, UV-Vis spectrophotometer showed an
absorbance peak at 255 nm, and TEM. The next research [1] the synthesis of Cdots has been
successfully carried out with the basic ingredients of tea grounds using presto and microwave
heating, while the results of his research show absorbance peaks at wavelengths of 272 nm, 271
nm, 215.5 nm, and 270 nm and FTIR results show the sample has N-H and C=C bond functional
groups. As for the novelty in this research, namely using bitter melon peel which is household
waste which is made into C-dots by microwave techniques. bitter melon contains saponin
compounds [13] which make it possible to be used as a basic material for making C-dots. saponin
compounds are composed of 15 carbon atoms with a C6-C3-C6 configuration [14].

Theoretical Background

Bottom-up method

C-dots can be synthesized by two methods, namely top-down and bottom-up. In this study, the
bottom-up method was used to synthesize C-dots. The bottom-up method is a synthesis method
for the formation of C-dots derived from precursor molecules [9]. The bottom-up method uses
atoms or molecules to create the desired hanometer-sized particles. In this study, the bottom-up
method was used with microwave techniques to synthesize C-dots. Frequently used bottom-up
methods are hydrothermal and microwave irradiation methods. While the top-down method that
is often used is the laser ablation method. Of the two methods, the bottom-up method is easier
and more practical than the top-down method, which is more expensive.

Spectrofotometer UV-Vis

The synthesized C-dots were then characterized using a UV-Vis spectrophotometer. UV-Vis
spectrophotometer has a working principle based on the correlation of electromagnetic radiation
with matter. The advantage of this method is that it does not require a long time and is relatively
cheap when compared to other methods [8]. UV-Vis spectrometer is a technical part of
spectroscopic analysis using electromagnetic radiation sources of near-ultraviolet (190 - 380 nm)
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and visible light (380 - 780 nm) using spectrophotometer instruments (trivariate). The results of
UV-Vis spectrophotometer characterization are in the form of wave peaks and absorbance values.
A spectrophotometer is a quantitative measurement method based on the measurement of
absorbance (absorption) of electromagnetic wave radiation [2]. C-dots created through diverse
techniques typically exhibit potent ultraviolet absorption, yet they yield varying absorption peaks.
The operation of a UV-Vis spectrophotometer hinges on the principle that chemical compounds
absorb ultraviolet or visible light, leading to the generation of distinct spectra.

FTIR (Fourier Transform Infra-Red)

The next characterization is by using FTIR. This characterization will produce functional groups
contained in the C-dots sample. C-dots are a material that consists mostly of carbon, hydrogen,
and oxygen. Partial oxidation of the C-dots source, namely carbon precursors, carboxyl groups,
carboxylic acids, hydroxyls, and ethers produces a C-dots surface rich in functional groups. The
determination of functional groups on C-dots determines the interaction of C-dots with metals or
materials to be detected. Absorption of C-dots can increase if there is surface passivation along
with the addition of functional groups. According to Geo in [13] Functional groups on the surface
of C-dots will affect optical absorption because different functional groups will have different
absorption areas.

Materials and Methods

This research aims to synthesize C-dots from the bitter melon peel. Bitter melon peel was
synthesized by a bottom-up method using microwave technique. The top-down method is used
to synthesize nanoparticles by breaking large particles into nanometer-sized pieces [9]. C-dots
were characterized with a Spectrophotometer to determine the wavelength and absorbance value
and tested with FTIR to determine the functional groups. This research was conducted at Untirta
Physics Laboratory, Untirta Integrated Laboratory, Serang, Banten, and at BRIN (National
Innovation Research Agency), Tangerang, Banten. The data was collected by mass variation of
5 grams of bitter melon peel and 75 ml of distilled water with heating time in the microwave for 15
minutes, then tested using UV-Vis spectrophotometer and FTIR.
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Figure 1. Research flow diagram

Results and Discussion

Characterization in this study used a UV-Vis spectrophotometer UH5300. This UV-Vis
characterization is to determine the absorbance value and wavelength. UV-Vis spectrometer is a
technical part of spectroscopic analysis using electromagnetic radiation sources of near-
ultraviolet (190 - 380 nm) and visible light (380 - 780 nm) using spectrophotometer instruments
[2]. The success of C-dot synthesis can be confirmed by analyzing the the absorption pattern of
the sample using a UV-Vis spectrophotometer. C-dots was measured using a UV-Vis
spectrophotometer at a wavelength range of wavelength range of 200 to 800 nm using a UV-Vis
spectrophotometer [7].

The following are the results of the UV-Vis spectrophotometer test:
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Figure 2. Uv-vis spectrophotometer test results

Figure 2 is the result of UV-vis spectrophotometer analysis which shows that the absorbance of
C-dots with a concentration of 5 grams of bitter melon peel and 75 ml of distilled water with a
variation of sample time in the microwave for 15 minutes has one peak, which is at wavelength
206 with an absorbance peak of 3.311. These results are by research [14] Synthesis of C-dots
from coffee waste base material has an absorbance peak in the length range of 203 nm for a
mass variation of 5 g, 204.5 nm for a mass variation of 10 g, 208 nm for mass variation of 15 g,
209 nm for mass variation of 20 gr, and 231 nm for mass variation of 25 gr mass variation.
research [7] on the preparation of C-dots from seed pods and kesumba keling (Bixa Orellana)
seeds showed the UV-Vis absorption spectra of C-dot featuring eight samples with absorption
peaks at wavelengths of 260-280 nm and 320-340 nm.

The absorbance readings on the UVVis graph show that all samples underwent electronic
transitions (excitation) as a result of absorbing energy from UV wavelengths. The absorption
occurs because the energy of UV light at a certain wavelength is equal to the excitation energy of
the sample electrons. The electronic transition that occurs is the excitation of electrons in the
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Highest Occupied Molecular Orbital (HOMO) to the level of the energy level of the Lowest
Unoccupied Molecular Orbital (LUMO) [15].

The next test uses FTIR, the sample used is a concentration of 5 grams of bitter melon peel and
75 ml of distilled water with a variation of sample time in the microwave for 15 minutes as in the
Figure 3.
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Figure 3. FTIR (Fourier Transform Infra-Red) testing

Figure 3 is the result of FTIR testing with a concentration of 5 grams of bitter melon peel and 75
ml of distilled water with a variation of sample time in the microwave for 15 minutes showing that
the characteristic absorption peak in the form of O-H bonds at wave number 3299.84 cm-1 and
there are C=C bonds with absorption at wave number 1635.34 cm™. These results are by research
[1] in which there are O-H, C-H, and C=C bond functional groups, research [16] also successfully
synthesized C-dots from moringa oleifera as a potentiometric sensor with FTIR results showing
at 1593 cm™ and also at 1433 cm* which indicates the presence of C-C bands. A small C-O
stretching vibrational mode was also observed at 1049 cm™.

Conclusions

Based on the results of this study, it can be concluded that the synthesis of C-dots from bitter
melon peel base material has been successfully carried out using the bottom-up method of
microwave irradiation technique with a mass variation of 5 grams of bitter melon peel and 75 ml
of distilled water with a heating time of 15 minutes. UV-Vis spectrophotometer test results showed
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a peak wavelength of 206 nm and absorbance of 3.311. FTIR test results show the presence of
O-H and C=C functional group bonds indicating that this synthesis process has been successfully
carried out.
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