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Carbon dots (CDs) are a novel class of carbon-based nanomaterials with diverse 
applications due to their biocompatibility, optical properties, and chemical 
stability. This study aims to synthesize CDs from Terung Dayak (Solanum ferox) 
using a microwave-assisted method and evaluate their optical properties, metal 
ion sensing capability, and antioxidant activity. The CDs were synthesized with 
variations in microwave power and citric acid concentration, specifically: CD-a 
using 1 g citric acid at 600 W, CD-b using 2 g citric acid at 600 W, CD-c using 3 g 
citric acid at 600 W, and CD-d using 2 g citric acid at 800 W, and then 
characterized using UV-Vis and fluorescence spectroscopy. The results revealed 
strong UV absorption with maximum peaks at 250 nm for all CDs synthesized and 
275 nm for CD-d, depending on synthesis conditions. The CDs exhibited 
fluorescence intensity influenced by microwave power, with the highest intensity 
observed for CDs synthesized at 800 W and 2 g of citric acid. The optical bandgap 
from UV-Vis spectra, determined via Tauc plot analysis, ranged from 4.03 eV to 
4.71 eV, indicating quantum confinement effects for all CDs. Furthermore, CD-d 
demonstrated selective fluorescence quenching for Fe3+ ions, which quenched the 
fluorescence of the CD. Antioxidant activity was confirmed via 2,2-diphenyl-1-
picryhydrazyl (DPPH) radical scavenging, with an IC50 value of 126 ppm for CD-d. 
These findings highlight the potential of Terung Dayak-derived CDs as 
multifunctional materials for sensing and antioxidant applications. 

 

1. Introduction 

Carbon quantum dots, also known as carbon dots 
(CDs), are a novel carbon-based nanomaterial that has 
attracted significant interest within the scientific 
community in the last decade. Characterized by the 
nanoscale size, typically < 10 nm, CDs exhibit excellent 
biocompatibility, unique thermal and mechanical 
properties, and strong photodynamic stability [1, 2]. In 
clinical and medical applications, CDs are primarily 
applied in cancer theragnostic and 
bioimaging/biosensing [3, 4, 5, 6]. Furthermore, several 
CDs can be altered to possess antibacterial and 
antioxidant properties that can be immobilized into a 

membrane to prevent food from spoiling [7, 8]. Given 
their diverse application of CDs, it encourages scientists 
to further explore the synthesis of CDs, both in terms of 
methods and precursors used in the synthesis process. 
The selection of precursor, along with methods, is a key 
factors that influence the characteristics of CDs [9, 10, 11]. 

CD synthesis methods are generally divided into two 
categories: bottom-up and top-down. Top-down 
methods involve breaking larger carbon materials, such 
as graphene, graphite, or carbon nanotubes, through 
physical or chemical processes such as ultrasonication, 
oxidation, or milling, which break the material into small 
nano-sized particles [9, 12]. In contrast, bottom-up 
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methods involve the formation of CD from precursor 
molecules or atoms through chemical processes, like 
pyrolysis, thermal decomposition, or solvothermal 
reactions, which transform the organic precursors into 
carbon nanostructures of the desired size and properties 
[9, 13]. Although scientists have focused much emphasis 
on the hydrothermal synthesis of CD, in recent years, 
microwave-assisted synthesis of CD is equally worth 
studying due to its ease of use, simplicity, and 
compatibility with household microwaves [14, 15, 16]. 
While the choice of synthesis methods plays a crucial role, 
selecting appropriate precursors is equally important, as 
it directly influences the structure of the CD. 

Biomass is a potential precursor for CD synthesis and 
can be derived from various sources, including roots, 
stems, leaves, and fruits [17, 18, 19]. Several studies have 
highlighted the advantage of certain biomass sources for 
use in sensor applications. Watcharamongkol et al. [20] 
successfully synthesized CD from cassava pulp using the 
hydrothermal method to detect mercury (Hg2+) ions, 
achieving a detection limit of 12 μM. The presence of Hg2+ 
ions can “turn off” the fluorescence of the CD. In 
addition, the synthesized CD also demonstrates 
antioxidant activity, as confirmed through testing using 
the DPPH scavenging methods. Moreover, in another 
experiment, Issa et al. [21] successfully synthesized 
carboxymethyl cellulose (CMC)-based CD from oil palm 
empty fruit bunches, achieving a lower detection limit of 
0.01 μM compared to the CD reported by 
Watcharamongkol et al. [20]. 

Another study by Liang et al. [22] reported using the 
hydrothermal method to synthesize CD from tea waste 
mixed with ethylenediamine. These synthesized CDs were 
found to be effective for detecting Fe3+ dan CrO42- ions. In 
addition, part fruit or part of the fruit (like peeled fruits) 
has also been investigated as an eco-friendly precursor 
for CD synthesis through the hydrothermal-
carbonization process. For instance, kiwi peels and 
watermelon pulp have been reported as effective 
precursors for producing CD capable of detecting Fe3+ ions 
with a limit of detection of 0.95 µM and 0.27 µM [23, 24]. 
This highlights that various plant parts, including fruits, 
can serve as precursors for CD synthesis. 

Although these findings demonstrate the versatility 
of biomass-derived CDs, there remains a clear gap in the 
literature regarding the use of Terung Dayak (Solanum 
ferox) as a precursor for carbon dot synthesis. Terung 
Dayak is a plant indigenous to Southeast Asia and South 
Asia, with a distribution extending to China, Sri Lanka, 
Myanmar, Thailand, Laos, Malaysia, and Indonesia. This 
plant belongs to the Solanaceae family, like the purple 
eggplant (Solanum melongena L.) [25]. Terung Dayak is 
rich in phytochemicals such as flavonoids, alkaloids, and 
phenolic compounds, which could impart unique optical 
and functional properties to the resulting CDs. To the best 
of our knowledge, no study has yet reported the synthesis 
of CDs from Terung Dayak, a fruit native to Central 
Kalimantan and traditionally used for medicinal and 
culinary purposes. This research seeks to fill that gap by 
exploring Terung Dayak as a novel and underutilized 
biomass source for green nanomaterial synthesis. 

This research reports a simple synthesis of highly 
green synthesis methods using one-pot microwave-
assisted synthesis (MAS) to produce fluorescent carbon 
nanomaterials from Terung Dayak. In addition to 
addressing this precursor gap, our study also emphasizes 
the significance of using green synthesis techniques, 
particularly MAS. Compared to traditional methods like 
hydrothermal or solvothermal synthesis, MAS offers 
numerous advantages: it is rapid, energy-efficient, 
solvent-minimizing, and compatible with simple, low-
cost equipment. These attributes make MAS a sustainable 
and practical approach, aligning with the global 
movement toward eco-friendly nanotechnology. The 
one-pot MAS method not only reduces synthesis time but 
also minimizes the need for hazardous reagents, making 
it suitable for large-scale production with minimal 
environmental impact. In this study, our objective is to 
synthesize CD and identify the optical characteristics of 
CD from Terung Dayak and its abilities as a metal ion 
sensing and antioxidant ability through the DPPH 
scavenging test. 

2. Experimental 

2.1. Materials and Instrumentations 

All chemicals used in this study were of pro-
analytical grade, including distilled water, citric acid 
(Merck), 2,2-diphenyl-1-picrylhydrazyl (DPPH, Merck), 
ethanol (98%), and Terung Dayak. The carbon dots were 
synthesized using a household microwave. UV-Vis 
absorption spectra were recorded using a Marco single-
beam spectrophotometer, while fluorescence 
measurements were carried out with a Shimadzu RF-
6000 spectrofluorometer. 

2.2. Synthesis of Quantum Dots 

The preparation of CDs was based on the methods 
reported by Ramezani et al. [19] and Rajamanikandan et al. 
[26] with some modifications. A total of 10 mL of Terung 
Dayak juice and varying amounts of citric acid were mixed 
and transferred into a Teflon microwave container. Citric 
acid was added to catalyze the carbonization process and 
promote surface passivation, thereby enhancing the 
formation of nano-sized fluorescent carbon structures 
[27]. The variations in citric acid content and microwave 
power are listed in Table 1. The vessel was then 
microwaved for 3 minutes at a power range of 600–
800 W. After cooling to room temperature, the resulting 
brown solution was centrifuged at 5000 rpm to separate 
the precipitate from the supernatant, followed by 
filtration using a 0.2 µm membrane filter. 

Table 1. Variation of citric acid and microwave power 

CD code 
Citric acid 

(g) 
Microwave power 

(W) 

a 1 

600 b 2 

c 3 

d 2 800 
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2.3. Metal Ion Sensing 

A stock solution of metal ions (10 ppm), including 
Fe3+, Cu2+, Ni2+, Zn2+, and Pb2+, was prepared. For the 
selectivity test, a 10 ppm solution of CDs was added to 
each metal ion solution (10 ppm). The fluorescence 
intensity was measured with an excitation wavelength of 
370 nm. 

2.4. DPPH Radical Scavenging 

The antioxidant activity of the CDs was evaluated 
using the DPPH radical scavenging assay. A carbon dot 
solution derived from Terung Dayak was prepared, and a 
50 ppm DPPH solution was prepared in ethanol. The 
DPPH solution was then added to the CD solution, and the 
mixture was incubated at ambient temperature for 30 
minutes in the dark. After incubation, the absorbance was 
measured at 520 nm using a UV-Vis spectrophotometer. 
The percentage of DPPH inhibition by the CDs was 
calculated using Equation 1. 

 % 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = [
𝐴𝑐−𝐴𝑠

𝐴𝑐
] × 100% (1) 

Where, Ac is the absorbance of the control (DPPH 
solution without CDs), and As is the absorbance of the 
DPPH solution after the addition of CDs. 

3. Results and Discussion 

The synthesis of CDs from Terung Dayak resulted in 
a color change from light brown to dark brown, indicating 
the successful formation of carbon nanomaterials [28, 
29]. This color transition is attributed to the formation of 
carbon dots, in which carbon atoms form the nanoparticle 
core, surrounded by various surface functional groups. 
After purification, the dark brown solution turned 
yellowish-brown, as shown in Figure 1(a). Upon exposure 
to UV light, the synthesized CD solution exhibited 
luminescence, shifting from a yellowish to an orange 
fluorescence color. This observation confirms the 
successful formation of CDs with distinct fluorescent 
properties under UV irradiation, as illustrated in Figure 
1(b). 

The luminescence behavior of the synthesized CDs 
under UV light exposure can be attributed to the quantum 
confinement effect and the presence of surface functional 
groups. This is supported by the optical bandgap values 
obtained from Tauc plot analysis (Figure 3), which range 
from 4.03 eV to 4.71 eV. The variation in bandgap energy 
indicates differences in particle size and degree of 
conjugation among the synthesized CDs. Specifically, CD-
d, synthesized at higher microwave power, exhibited the 
lowest bandgap (4.03 eV) (Figure 3) and the highest 
photoluminescence intensity (Figure 2), suggesting a 
more extended π-conjugation system and stronger 
quantum confinement. The shift in UV-Vis absorption 
peaks, especially the presence of a second peak at 275–
283 nm for CD-a and CD-d, also reflects changes in the 
electronic structure due to different synthesis conditions. 
These observations confirm that the optical properties, 
including fluorescence, are governed by the quantum size 
effect and surface state modifications unique to each CD 
variant. 

 

Figure 1. CDs from Terung Dayak (a) before and (b) after 
exposure to UV light 

In addition, the surface functional groups that 
contain carbon dots, such as hydroxyl group (-OH), 
carboxyl (-COO), or amine group (-NH2), introduce 
localized electronic states of carbon dots. These surface 
states play a role in the luminescence of CD [30, 31]. 
Therefore, combining that effect and surface states, CD 
can emit bright luminescence under UV lights. 

The UV absorbance spectra and fluorescence spectra 
of CD synthesized using different amounts of citric acid 
and varying microwave power reveal the influence of 
these parameters on the optical properties of CD. The 
spectra of UV absorbance and fluorescence are available in 
Figure 2. The spectra of CD-a exhibit a higher absorbance 
peak at 250 nm than CD-b and CD-c, but have equal 
absorbance, respectively, to CD-d, indicating the 
formation of CD-a with specific surface and size 
characteristics. The observation is consistent with the 
fluorescence spectra of the CD, where CD-a has a higher 
intensity compared to CD-b and CD-c. The increased 
fluorescence intensity in CD-a suggests that the amount 
of citric acid plays an important role in the 
photoluminescence properties of the CD. This 
phenomenon may also be influenced by the pH conditions 
during the synthesis process, as a higher amount of citric 
acid results in more acidic conditions [32]. 

However, CD-d, which was synthesized using 2-
gram citric acid and 800 W microwave power, exhibits a 
similar fluorescence intensity to CD-a, despite the higher 
microwave power. This suggests that the increasing 
power to 800 W likely compensates for any decrease in 
fluorescence intensity due to a higher citric acid 
concentration, possibly by promoting more effective 
carbonization or surface passivation. Furthermore, CD-d 
shows a new peak exhibited at 275 nm. 

All synthesized CDs exhibit a primary absorbance 
peak at 251 nm in all four synthesis variations. However, 
in variations CD-a and CD-d, a second maximum 
wavelength was obtained at 276 nm for CD-d and 283 nm 
for CD-a. The absorption in the wavelength region of 251 
nm is expected to be the π→π* electron transition of the 
carbon double bond (C=C). The broadened absorption at λ 
= 276-283 nm indicates the n→π* electron transition, 
which is usually present in carbonyl groups (C=O) [33]. 
The existence of a significant absorption at λ = 276 nm 
indicates that CD-d experienced surface modification 
because it contains carbonyl groups (C = O) compared to 
CD-b and CD-c. 
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Figure 2. (a) UV-Vis absorbance spectrum and 
(b) fluorescence emission profile of CDs 

 

Figure 3. Tauc plot of optical band gap on the CD from 
Terung Dayak with the variation of citric acid 

The Tauc plot analysis is a widely used method to 
determine the optical band gap energy (e.g., CD) of 
semiconductor materials. The optical band gap energy is 
an important parameter that governs the optical and 
electronic properties of a material, such as its light 
absorption and fluorescence behavior [34, 35]. The Tauc 
plot is constructed using the relationship between the 
absorption (α) and the photon energy (hv), defined in 
Equation 2. 

 (𝛼ℎ𝑣)𝑛 = 𝐴(ℎ𝑣 − 𝐸𝑔) (2) 

Where, α is the absorption coefficient, hv is the 
photon energy, n depends on the nature of the electronic 
transition (n = 2 or n = ½), A is a proportion constant, and 
Eg is the bandgap energy. The Eg value is determined by 
extrapolating the linear region of the Tauc plot to the 
photon energy axis. 

The optical bandgap energies of the synthesized CDs 
were estimated using Tauc plot analysis. CD-a, 
synthesized with 1 g of citric acid at 600 W, exhibited a 
bandgap energy of 4.53 eV. In comparison, CD-b and 
CD- c, prepared with 2 g and 3 g citric acid, respectively, 
showed higher bandgap energies of 4.64 eV and 4.71 eV. 
Meanwhile, CD-d (800 W) exhibited the lowest bandgap 
of 4.03 eV. This trend can be explained by the Brus 
equation (3) [36]. 

 Δ𝐸 = 𝐸𝑏𝑢𝑙𝑘 +
ℎ2

8𝑟2
(

1

𝑚𝑒
∗ +

1

𝑚ℎ
∗ ) −

1.8𝑒2

4𝜋𝜖𝑜𝜖𝑟𝑅2
 (3) 

The energy gap of a quantum dot is inversely related 
to its size due to quantum confinement effects. As particle 
size decreases, the spatial confinement of charge carriers 
(electrons and holes) increases, leading to discrete energy 
levels and a larger bandgap. Accordingly, the observed 
trend suggests that CD-c, which has the highest bandgap 

energy (4.71 eV), likely possesses the smallest particle 
size, followed by CD-b and CD-a. In contrast, CD-d, 
which exhibited the lowest bandgap energy (4.03 eV), is 
likely composed of larger carbon cores or more extended 
conjugation structures, possibly resulting from enhanced 
carbonization under higher microwave power. 

These findings confirm that variations in synthesis 
conditions affect not only surface functionalities but also 
the size and electronic structure of the resulting carbon 
dots. Moreover, the results indicate that microwave 
irradiation power influences the structural formation of 
CDs. Higher power, under the same reaction time, 
accelerates the nucleation of CDs and promotes the 
formation of sp2-hybridized carbon, thereby reducing the 
bandgap energy [37]. 

After examining the optical properties and energy 
gap of synthesized CD, the metal sensing ability of the 
synthesized CD was investigated for various metal ions, 
including Fe3+, Cu2+, Ni2+, Zn2+, and Pb2+. The sensing 
ability of the synthesized CDs toward Fe3+, Cu2+, Ni2+, Pb2+, 
and Zn2+ ions was evaluated through UV-Vis and 
fluorescence spectroscopy. As shown in Figure 4(a), the 
UV-Vis analysis revealed a consistent reduction in 
absorbance at 278 nm across all tested metal ions, 
indicating their interaction with the CDs. This behavior 
aligns with previous studies, where interactions between 
metal ions and surface functional groups of CDs, such as 
hydroxyl and carboxyl groups, resulted in alterations in 
optical properties [28, 38]. 

Interestingly, fluorescence analysis demonstrated a 
more selective response. While Cu2+, Ni2+, Pb2+, and Zn2+ 
ions enhanced the fluorescence intensity of the CDs, Fe3+ 
ions uniquely quenched the fluorescence. This quenching 
suggests a distinct interaction mechanism, likely 
involving the formation of coordination complexes or 
charge transfer between Fe3+ and the CDs, as reported in 
studies utilizing similar nanomaterials for Fe ion 
detection [28, 39]. Such specific quenching behavior 
highlights the potential of the CDs as selective 
fluorescence probes for Fe3+ ions. 

The pronounced fluorescence quenching observed 
with Fe3+ ions is consistent with findings from Chen et al. 
[28], who demonstrated that surface defects and specific 
functional groups on CDs are critical for their interaction 
with metal ions. Furthermore, the fluorescence recovery 
tests for Fe3+ by Chen et al. [28] indicate that the 
interaction between CDs and Fe ions involves non-
radiative electron transfer, providing further evidence for 
the observed selectivity. This mechanism underscores the 
practical application of these CDs as sensitive and 
selective probes for Fe ion detection in complex matrices. 

The antioxidant activity of CD was evaluated using 
the DPPH scavenging method. CD solutions at various 
concentrations (10–50 ppm) were analyzed using a 
UV- Vis spectrophotometer. Measurement was conducted 
by observing the decrease in absorbance at 517 nm, 
corresponding to the maximum wavelength of DPPH. The 
results showed a concentration-dependent effect, where 
higher CD concentrations led to a greater reduction in 
DPPH absorbance. 



 Jurnal Kimia Sains dan Aplikasi 28 (4) (2025): 176-182 180 

 

Figure 4. (a) UV-Vis absorbance spectrum of CDs, 
(b) Photoluminescence (PL) spectra comparison between 
original CDs and CDs after the addition of various metal 

ions, highlighting fluorescence quenching or 
enhancement effects 

 

Figure 5. (a) UV-Vis absorbance at 520 nm showing 
DPPH scavenging by CDs, (b) IC50 determination from 

linear regression of scavenging activity 

At a concentration of 50 ppm, the CD demonstrated 
the highest DPPH degradation, indicated by the lowest 
absorbance value (Figure 5). This result indicates that the 
synthesized CD exhibits antioxidant properties, likely due 
to the presence of functional groups such as double 
bonds, carbonyl groups, or hydroxyl groups, which are 
known to act as active sites for antioxidant activity. A plot 
of CD concentration vs percent inhibition yielded a linear 
equation y = 0.39x + 0.5822, with a correlation coefficient 
(R2) of 0.9861. Based on that equation, the IC50 value of the 
CD synthesized from Terung Dayak was determined to be 
126 ppm. 

4. Conclusion 

This study demonstrated that variation in microwave 
power and citric acid concentration significantly 
influenced the optical and functional properties of carbon 
dots synthesized from Terung Dayak. Among the 
samples, CD-d—produced at 800 W with 2 g of citric 
acid—exhibited the most notable characteristics, 
including the highest fluorescence intensity, the lowest 
optical bandgap (4.03 eV), and strong selectivity for Fe3+ 
ions through a “turn-off” fluorescence mechanism. In 
addition, CD-d showed promising antioxidant activity, 
with an IC50 value of 126 ppm. These findings highlight 
the potential of Terung Dayak-derived CDs as 
multifunctional nanomaterials for metal ion sensing and 
antioxidant applications, with implications for future 
green nanotechnology and biosensing research. 
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