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Abstract

Organic pollutants can be broken down by photocatalysis with the help of carbon dots. Also, it is widely used as a material 
to stop microorganisms from growing. This study synthesized N-doped carbon dots from cocoa fruit skin as a potential 
antibacterial. TEM images on N-CDs show the material is dispersed well without forming aggregation. The spacing 
of the lattice fringe formed is around 0.23 nm, corresponding to graphite’s diffraction. FTIR spectra show adsorption 
peak difference between CDs and N-CDs is 1118 cm-1, indicating C-N stretching. UV-Vis absorption spectrum shows 
the formation of a peak at 294 nm, which shows the π-π* transition of sp2, PL QY of N–CDs in a water solution was 
about 18.25%. It has been seen that N-CDs work very quickly and kill many bacteria compared to CDs. In both CDs, 
the highest value for the zone of inhibition is 100 µg mL-1.
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1. Introduction

Biomass, a renewable resource, demonstrates advantages 
in biotechnology processes, corrosion inhibition, and 
pharmaceutical formulation development. Cocoa fruit skin 
comes from a plant called Theobroma cacao L., which is 
a biomass derived from plants in the Malvaceae family. 
It contains bioactive compounds such as polyphenols, 
flavonoids, and tannins that may not be present in some types 
of lignocellulosic biomass[1]. The utilization of cocoa husks 
is increasingly expanding, including as animal feed[2] and 
activated carbon nanoparticles for energy storage devices[3].

Zero-dimensional carbon nanoparticles (<10 nm) 
known as carbon dots (CDs) consist of a core and shell 
structure[4]. This material is used as an alternative to 
fluorescent semiconductor quantum dots, metal NPs/metal 
oxides, and other nanoparticles, due to its biocompatibility, 
hydrophilicity, low toxicity, and tunable surface functional 
groups. CDs have been implemented as sensitizers in solar 
cells, sensors for detection of heavy metals, organics, and 

bacteria, and in many other applications[5]. CDs can be made 
in many ways, such as by acid oxidation[6], laser ablation[7], 
hydrothermal[8], microwave treatment[9], electrochemical[10], 
and solvothermal[11]. CDs have been made using green carbon 
from fruit biomass, vegetables, milk, sugar, and honey[12]. 
Natural carbon sources like plants, roots, leaves, fruits, and 
waste products are also used to make N-doped carbon dots 
(N-CDs)[13]. In particular, the N-CDs have improved the 
quantum yield, and both the amine and carboxyl groups 
help make the CDs highly stable. Also, CDs are widely 
used for their healing properties[14]. Microorganisms can be 
stopped from growing when they are made of carbon. CDs 
could be used to stop diseases caused by germs and fungi. 
Also, these studies on bacteria can help make antibacterial 
antibiotics and ingredients.

Regarding CDs using biomass and by-products, Thariq’s 
team[15] prepared CDs using figs (Ficus religiosa tree) as 
raw material through chloroform as solvent. Chloroform 
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 interaction with CDs can alter their properties and ultimately 
affect their quantum yield[16]. Meng  et  al.[17] obtained a 
good water solubility of N-CDs through coke powder and 
H2SO4 and HNO3 as raw materials and solvents. Using 
strong oxidizing acids is hazardous for the environment 
and impurifies the sample mixture[13]. Saravanan et al.[18] 
created CDs using turmeric leaves as raw material and their 
potential antibacterial activities. CDs synthesized from 
natural precursors often exhibit low fluorescence quantum 
yields. Nitrogen doping can enhance the optical properties 
of CDs, including increasing fluorescence[19].

It would be good to make biogenic CDs from natural 
plants and waste materials and study antibacterial properties. 
This study considered these goals when it chose cocoa 
fruit skin as the carbon source to make N-CDs. Also, the 
cocoa fruit skin has many alkaloids, flavonoids, tannins, 
saponins, and polyphenols. The solvothermal method was 
used to synthesise CDs from the cocoa fruit skin. This study 
has also made N-CDs with urea and cocoa fruit skin using 
the solvothermal method. This study also used N-CDs as 
antibiotic agents to stop the growth of Staphylococcus aureus 
and Escherichia coli. Conclude that N-CDs were good at 
stopping the growth of germs by acting as antibacterial agents.

2. Materials and Methods

2.1 Materials

Cocoa fruit skin was obtained from Batubara Regency, 
Indonesia. Urea (CO(NH2)2 98wt%), ethanol (C2H6O 99wt%), 
hydrochloric acid (HCl 37wt%), ferric chloride (FeCl3 97wt%), 
sodium hydroxide (NaOH 98wt%), ammonia (NH3 25wt%), 
chloroform (CHCl3 99wt%), magnesium (Mg 99wt%), sulfuric 
acid (H2SO4 99 wt%), phosphate-buffered saline (PBS pH 7.4), 
Mayer’s reagent, and Dragendorf reagent were purchased by 
Sigma-Aldrich. Deionized water (18.2 MΩ/cm) was purchased 
from CV. Rudang Jaya. Bacteriological agar and yeast extract 
were obtained from Universitas Sumatera Utara. At the same 
time, tryptone and sodium chloride were used to prepare 
Luria broth and agar media for culturing Escherichia coli 
(gram-negative ATCC 25922) and Staphylococcus aureus 
(gram-positive ATCC 23235) bacteria were purchased from 
Sigma-Aldrich. All chemicals were of analytical grade and 
were used as received without further purification.

2.2 Preparation of cocoa fruit skin

Cocoa pods that have been obtained are washed with 
deionized water. Then it was dried using an oven at a 
temperature of 65 °C. The dried cocoa pods were smoothed 
using a blender until smooth into powder. After getting the 
cocoa pod skin powder, it was sifted using a 40-mesh sieve. 
Then the maceration process was carried out with a sample 
ratio of 1: 10 in 70% ethanol for 72 h with several stirrings 
and filtered using filter paper.

2.3 Synthesis of carbon dots

A cocoa fruit skin was put into a 25 mL autoclave with 
a Teflon-lined autoclave and heated at 220 °C for 2 h. After 
cooling to room temperature, the solution was centrifuged for 
20 min at 8000 rpm. The solution was dialyzed for 48 h by 
changing the water every 4 h. This sample was named CDs.

2.4 Synthesis of N-doped carbon dots

A cocoa fruit skin of 50 mL added with 2 m/v% urea, 
was mixed while stirring for 10 min at 240 rpm. The 
resultant solution was put into a 25 mL autoclave with a 
Teflon-lined autoclave and heated at 220 °C for 2 h. After 
cooling to room temperature, the solution was centrifuged 
for 20 min at 8000 rpm. The solution was dialyzed for 48 h 
by changing the water every 4 h . The filtrate was stored in 
a dark container. This sample was named N-CDs.

2.5 Phytochemical analysis of cocoa fruit skin

Alkaloid test using procedure: put enough cocoa fruit 
skin into the Erlenmeyer, then add 10 mL of ammonia and 
10 mL of chloroform. Stir for a few minutes. Then 10 mL 
of 2N HCl was added and shaken, then divided into 3 test 
tubes, (i) tube 1 was dripped with Bouchardart reagent, 
(ii) tube 2 was dripped with Mayer’s reagent, and (iii) tube 3 
was dripped with Dragendorf reagent. Flavonoid test using 
procedure: (i) tube 1 was put into a test tube added with 5% 
FeCl3 and 10% NaOH, (ii) tube 2 was adding of concentrated 
HCl and Mg powder to the cocoa fruit skin, and (iii) tube 
3 adding H2SO4 to the cocoa fruit skin. Saponin test using 
procedure: the cocoa fruit skin was put into a test tube, added 
deionized water was, and then shaken for 3 min. Tannin Test 
using procedure: cocoa fruit skin was put into a test tube and 
added with 5% of FeCl3. Polyphenol test using procedure: 
cocoa fruit skin was put into a test tube and added with 5% 
of FeCl3. The terpenoid test using the procedure: (i) tube 1 
was cocoa fruit skin added Liebermann-Burchard reagent, 
and (ii) tube 1 was cocoa fruit skin added Salkowsky reagent.

2.6 Characterization of CDs and N-CDs

High resolution transmission electron microscopy 
(HRTEM) images were collected using a JEOL-2100 
TEM (operated at an accelerating voltage of 200 kV). The 
fourier-transform infrared spectroscopy (FTIR) spectra were 
recorded using a PerkinElmer spectrometer in the spectral 
range of 4000 cm-1 - 700 cm-1 at the ambient temperature. 
The optical absorption spectra were recorded using a Shimadzu 
UV-1800 spectrophotometer. Photoluminescence (PL) 
spectra of the samples were collected using a single-beam 
PerkinElmer LS45 fluorescence spectrometer. X-ray Diffraction 
(XRD) analysis was performed on solid-state Carbon Dots 
(CDs) samples using a Rigaku MiniFlex II instrument. 
Energy-dipersive X-ray (EDX) spectra were recorded using 
EDAX TSL system operated at 20 kV accelerating Volatage. 
Antibacterial studies of Gram-negative and Gram-positive 
were examined in the biological laboratory at Universitas 
Sumatera Utara.

3. Results and Discussions

3.1 Preparation of N-CDs

Phytochemical analysis was carried out on cocoa 
fruit skin to ensure whether the cocoa fruit skin content 
was genuinely pure. Cocoa fruit skin contains alkaloids, 
flavonoids, tannins, saponins, polyphenols, and others. The 
results of the phytochemical analysis of cocoa fruit skin 
can be seen in Figure 1. At alkaloid test (Figure 1a) show 
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a brown precipitate then it is for tube 1, a yellowish-white 
precipitate for tube 2, and a brick-red precipitate for tube 3. 
All the tube tests show positive for alkaloids. The flavonoid 
test (Figure 1b) shows a green solution for tube 1, an orange 
solution for tube 2, and a red brick solution for tube 3. All 
the tube tests show positive for flavonoid. The saponin test 
(Figure 1c) shows that the foam is formed. It concludes 
the positive for saponin. The tannin test (Figure 1d) shows 
that a green solution is formed. It shows that a positive for 
tannin. The polyphenol test (Figure 1e) shows that a black 
solution is formed. It shows that a positive for polyphenol. 
The terpenoid test (Figure 1f), in tube 1, shows a two-phase 
solution with a yellow color at the bottom and brownish 
yellow at the top which shows negative for terpenoids. Use 
the Liebermann-Burchard reagent in the terpenoid test to 
determine the presence of cholesterol in cocoa fruit skin[20]. 
The results did not show the presence of cholesterol. Tube 
2 shows a red solution which indicates positive terpenoids. 
The results of screening phytochemical cocoa fruit skin can 
be seen in Table 1.

In synthesizing CDs and N-CDs, a solvothermal reaction 
at 220oC is used for carbonization to produce fluorescent 
CDs. The scheme illustration synthesis N-CDs with the 
solvothermal method can be seen in Figure 2. The fundamental 

difference between hydrothermal and solvothermal is the 
solution used. Hydrothermal prefers to use H2O solutions, 
while solvothermal uses solutions other than H2O

[21]. The 
similarities between hydrothermal and solvothermal are 
using an autoclave to carry out the reaction[22]. The synthesis 
process yielded 25 mL of purified CDs solution from 2.0 g 
of cocoa fruit skin powder as the raw material.

Figure 1. Phytochemical analysis on cocoa fruit skin of (a) alkaloid test, (b) flavonoid test, (c) saponin test, (d) tannin test, (e) polyphenol test, 
and (f) terpenoid test.

Table 1. Screening phytochemical of cocoa fruit skin.

Method Result
Alkaloid Maeyer +

Bouchardart +
Dragendorff +

Flavonoid H2SO4 +
Mg.HCl +

FeCl3 +
Terpenoid Liebermann-Burchard -

Salkowsky +
Saponin Aquadest +
Tanin FeCl3 +
Polifenol FeCl3 +
+: Positive; -: Negative.

Figure 2. Schematic illustration synthesis N-CDs with the solvothermal method.
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3.2 Morphology analysis

The TEM images and size distribution of CDs and 
N-CDs can be seen in Figure  3. The TEM images on 
the CDs (Figure 3a) show that the material is very well 
dispersed without forming aggregation. In the HR-TEM 
CDs (Figure 3b), it can see that the dots have formed. The 
spacing of the lattice fringe formed is around 0.23 nm, 
corresponding to graphite’s diffraction (100)[23]. It shows 
that CDs are formed to resemble graphite in structure. The 
size distribution of CDs (Figure 3e) shows a size range of 
2.52 nm. TEM images on N-CDs (Figure 3c) show that 
the material is dispersed well without forming aggregates. 
Looking at the HR-TEM N-CDs (Figure 3d), it can see 
that the dots have formed. The spacing of the lattice fringe 
formed is around 0.23 nm, corresponding to graphite’s 
diffraction (100)[24]. It shows that the N-CDs are formed to 
resemble graphite structures. The size distribution of N-CDs 
(Figure 3f) shows a size range of 2.58 nm. The addition of 
elemental N to CDs did increase the particle size, although 
not significantly[25]. Bai et al.[26] also compared the sizes of 
CDs and N-CDs, and it was found that adding N to CDs 
increased the particle size. Das et al.[27] compared the addition 
of N elements to CDs, and it was found that the more N 
elements in CDS, the more the particle size would also 
increase, although not significantly. XRD results revealed 
a broad and prominent diffraction peak at 2θ = 25.56°[28], 
corresponding to the (002) crystal plane of graphite. This 
indicates the amorphous nature of the N-CDs, characterized 
by a non-crystalline structure of disordered carbon atoms. 

This amorphous structure is attributed to the incorporation 
of nitrogen and the solvothermal synthesis conditions, both 
of which disrupt the formation of graphite layers.

3.3 FTIR and EDS analysis

FTIR spectra can be seen in Figure 4 to confirm the surface 
function group for CDs and N-CDs. It is known that there is 
an adsorption band at 3324 cm-1, which shows O-H on both 
CDs and N-CDs. The adsorption band at 3324 cm-1 also shows 
asymmetric N-H stretching on the N-CDs[29]. The peaks of 
2944 cm-1 and 2832 cm-1 show C-H stretching vibrations. The 
adsorption peak at 1654 cm-1 corresponds to C=O, and the 
adsorption peak at 1013 cm-1 corresponds to C-O. There is 
adsorption at 1409 cm-1 for the C-C bond. The adsorption peak 
difference between CDs and N-CDs is 1118 cm-1, indicating 
C-N stretching[30]. FTIR spectra of N-CDS showed variations 
of the COOH, OH, and NH2 functional groups. It can provide 
excellent stability in aqueous solutions[29].

EDS analysis (Figure 4) confirmed the composition of 
the sample elements. The results show that the carbon dots 
(CDs) primarily consist of carbon (C) at 58.51 atomic% and 
oxygen (O) at 16.29 atomic%, thus validating the successful 
synthesis of CDs[31]. Trace amounts of sodium (Na) and 
potassium (K) were also detected, likely contaminants from 
the glass slide used for analysis. The oxygen content in the 
synthesised CDs is attributed to the hydroxyl and carbonyl 
groups present in cocoa skin, the source material. Notably, 
the absence of nitrogen (N) peaks suggests a low nitrogen 
concentration in the EDS spectrum.

Figure 3. Morphological of (a) TEM images CDs, (b) HR TEM CDs, (c) TEM images N-CDs, (d) HR TEM N-CDs, (e) size distribution CDs, 
and (f) size distribution N-CDs.
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3.4 UV-Vis analysis

UV-Vis absorption spectrum can be seen in Figure 5. 
In UV-Vis adsorption, and it can be seen the formation of 
curves on the long adsorption edge in the 300-600 nm region. 
CDs and N-CDs form peaks at 312 nm and 350 nm showing 
n-π* non-conjugated electron orbitals originating from 
oxygen bonding groups (C=O) or amino groups that occur 
in N-CDs[32]. The difference in the UV-Vis spectra of CDs 
and N-CDs is that the N-CDs show the formation of a peak 
at 294 nm, which shows the π-π* transition of sp2, which is 
hybridized carbon core[33]. The exposed to around 350 nm 
in the UV-Vis absorption spectrum, the well-dispersed CDs 
and N-CDs showed blue emission, respectively. It shows 
that the emission depends on the size of the particles and the 
sp2 carbon framework[34]. It was also shown that the more 
extensive conjugated system and the higher graphitization 
of the nitrogen-doped polyaromatic structure were important 
in lowering the energy bandgap. N–CDs have strong blue 
emissions that can be seen with the human eye. It is a good 
candidate for use in various fields, including bioimaging, 
biomedicine, and chemical sensing.

3.5 PL analysis

The PL spectra of CDs and N-CDs that are excited at 
350 nm can be seen in Figure 6a. From the graph, it show 
that N–CDs had a more significant emission than CDs with 
the same absorption. Figure 6b shows that the highest PL QY 
of N–CDs in a water solution was about 18.25%. It was better 

than the highest fluorescence QY CDs, 8.00%. The QY on 
CDs is 8.18%. However, when added, urea increased the QY 
on N-CDs by 18.25% during synthesis. Simões et al.[35] also 
synthesized N-CDs, and it was found that the QY increased, 
originally QY CDs by 8%, QY NCDs increased by 12%. 
Likewise, Wang et al.[36] previously showed that QY CDs 
were 6.05%, but QY N-CDs were 18.79%. It was shown 
that urea did not produce emissions when it was made by 
hydrothermal synthesis on its own. It showed how important 
it is to use urea as a surface passivating agent and source of 
nitrogen to improve the PL features of N-CDs.

The selective light spectrum of CDs can be seen in 
Figure 6c. The excited by light with different excitation 
values (300-380 nm). The excitation frequency was less 
than 350 nm, and the emission peaks moved to the blue. 
Figure 6d shows how the selective light spectrum of N-CDs 
looks. The excited by light with different excitation values 
(300-380 nm), comprehensive emission features could be 
seen, in which the excitation rose to a maximum of 350 nm 
and then dropped quickly. The excitation frequency was 
less than 350 nm, and the emission peaks moved to the 
blue. This excitation dependence/independence emission 
range was probably caused by the surface state emission 
from the many reactive oxygen/nitrogen functional groups, 
which changes the energy bandgap of N–CDs[37]. Also, 
the selected luminescence excitation wavelength could 
have been caused by the difference in the size of the sp2 
hybridized carbon framework and the amount of nitrogen 
in the graphitic structure[38].

Figure 4. (a) XRD spectra of N-CDs, (b) FTIR spectra of CDS and N-CDs, and (c) EDS spectra of N-CDs.
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3.6 Antibacterial study

The CDs and N-CDs carried out an antibacterial 
test. Streptomycin sulphate was used as a control for the 
antimicrobial study, and the size of the wells was 6 mm. 
We used the well-known and easy-to-use Agar-diffusion 

disk method for antibacterial strains in this method. 
Gram-positive and Gram-negative bacteria, both used in this 
study, are two types of these bacteria. Human bacteria like 
Staphylococcus aureus and Escherichia coli have been used 
to get CDs, and N-CDs can be seen in Figure 7. It has been 

Figure 5. UV-Vis absorption spectrum of (a) CDs and (b) N-CDs.

Figure 6. (a) Fluorescence PL spectra of CDs and N-CDs excited at 350 nm, (b) Quantum yield of CDs and N-CDs, (c) PL spectra of CDs 
under various excitation wavelengths (300-380 nm), and (d) PL spectra of N–CDs under various excitation wavelengths (300-380 nm).
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seen that N-CDs work very quickly and kill many bacteria 
compared to CDs. In both CDs, the highest value for the 
zone of inhibition is 100 µg mL-1. Table 2 shows the zone 
of inhibition for gram-negative and gram-positive bacterial 
species. Different band gaps between the N-CDs due to their 
ground and excited states reduce the formation of highly 
reactive oxygen species (ROS) and lessen their ability to 
kill bacteria in their respective applications[39]. N-CDs do 
have an advantage as an antibacterial when compared to 
CDs. Several studies have also concluded that N-CDs have 
good antibacterial properties. Rajapandi  et  al.[40] tested 
antibacterial N-CDs and CDs and showed that N-CDs had 
a better antibacterial ability. Wen et al.[41] researched N-CDs 
and added curcumin to increase the antibacterial ability 
compared to CDs.

4. Conclusion

N-Doped Carbon Dots From Cocoa Fruit Skin has been 
successfully synthesized. Phytochemical results in cocoa 
fruit skin contain alkaloids, flavonoids, terpenoids, saponins, 
tannins, and polyphenols. TEM images on N-CDs show the 
material is dispersed well without forming aggregation. 
The spacing of the lattice fringe formed is around 0.23 nm, 

corresponding to graphite’s diffraction (100). FTIR spectra 
show adsorption peak difference between CDs and N-CDs 
is 1118 cm-1, indicating C-N stretching. UV-Vis absorption 
spectrum shows the formation of a peak at 294 nm, which 
shows the π-π* transition of sp2, which is hybridized carbon 
core. PL QY of N–CDs in a water solution was about 18.25%. 
The excitation dependence/independence emission range 
was probably caused by the surface state emission from the 
many reactive oxygen/nitrogen functional groups, which 
changes the energy bandgap of N–CDs. Also, the selected 
luminescence excitation wavelength could have been caused 
by the difference in the size of the sp2 hybridized carbon 
framework and the amount of nitrogen in the graphitic 
structure. It has been seen that N-CDs work very quickly 
and kill many bacteria compared to CDs. In both CDs, the 
highest value for the zone of inhibition is 100 µg mL-1.
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