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Abstract: A high quantum yield of up to 20% N-CDs from plastic bag waste has been synthesized
via the pyrolysis-hydrothermal method. Using plastic bag waste as a carbon source offers several
advantages, including their abundant availability, low cost, and potential to reduce plastic waste in
the environment. The effect of hydrothermal time and H»,O» concentration as an oxidant was
evaluated. The N-CDs acquired exhibit a consistent blue fluorescence, possess an average dimension
of 5.94 nm, and consist of graphitic structures that may contain flaws induced by surface functional
groups such as amine, imine, alcohol, carboxyl, and carbonyl. Excellent stability of the resulting N-
CD toward storage time, NaCl, and phosphate buffered salt (PBS) solution pave the way to possible
applications for metal ions sensing in wastewater and human cells.
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1. Introduction

The growing need for plastic has been accompanied by
an upsurge in its manufacturing. Plastic possesses durable
qualities and strong stability, which pose challenges to its
decomposition in the environment. It is estimated that
around 80% of the total plastic waste ever produced has
gathered in natural ecosystems or ended up in landfills",
then potentially becomes a problem for ecosystems and
public health?. Therefore, plastic management is
important to minimize the plastic waste quantity in the
environment. Plastic bags contribute significantly to
environmental pollution, as they can endure for centuries
without decomposing and pose a threat to animals and
marine ecosystems®. Due to the high carbon content up to
84.74%9, plastic bag wastes have the potential as the
source of carbon dots (CDs). Converting plastic bags into
CDs can help mitigate these environmental impacts and
represents an innovative solution to the problem of plastic
waste. This process inspires new ideas and approaches to
sustainability and encourages further research and
development in this field.

Researchers are captivated by the remarkable
characteristics of CDs, including their fluorescence
capability, excellent stability, minimal toxicity, strong
compatibility with living organisms, and their ability to
act as both electron donors and acceptors®. These unique
properties make CDs highly promising for a diverse array
of applications, such as bio-imaging®, drug delivery?,
contaminant  detection®, LEDY, solar cells'?,

photocatalysis'", and corrosion inhibitors!'?.

The synthesis of CDs by subjecting waste plastic bags
to hydrothermal conditions at 180 °C for 12 h has been
investigated by Hu et al.¥. CDs obtained have a quantum
yield of 4.08% and exhibited blue fluorescence under UV
light. Another study by Hu et al.!® involved synthesizing
CDs from waste PET through pyrolysis (350 °C, 2 h) and
hydrothermal (180 °C, 12 h) using H>O, as an oxidant.
The CDs obtained in this case displayed a vigorous blue
fluorescence and 5.2% quantum yield. Kumari et al.'9
employed a modified technique involving sonication and
hydrothermal methods to synthesize CDs from polyolefin
waste. The resulting product exhibited a robust green
fluorescence, achieving a quantum yield of up to 4.84%.
However, despite these findings, the CDs derived from
plastic waste suffer from a relatively low quantum yield,
typically below 5.2%.

Several studies have focused on enhancing the CDs
quantum yield!>!®. Fluorescence properties of CDs can
originate from various factors, including surface states
such as the level of surface oxidation and the presence of
functional groups®, quantum confinement effect'”, or the
synergistic effect of both of them!®. Consequently,
modifying functional groups on the CDs surface can
enhance the quantum yield.

Manioudakis et al.'> conducted a modification on citric
acid-based carbon dots (CDs) by introducing nitrogen
from diethylenetriamine. This led to the creation of N-
CDs that displayed blue-green fluorescence and had a
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remarkable quantum yield of 56.70%, which is 56 times
higher than that of the pristine CDs. Similarly, Fu et al.'"”
passivated CDs from citric acid with nitrogen from
ethylenediamine, resulting in N-CDs with high quantum
yield (67.40%) and robust blue fluorescence. N-CDs have
also been synthesized from polyethylene terephthalate
(PET) plastic using combined reflux and hydrothermal
methods'®. However, it was discovered that N-CDs have
a quantum yield of 9.1%.

This study presents the N-CDs production with
noteworthy  quantum  yield from  high-density
polyethylene (HDPE) plastic bag waste. HDPE plastic
was chosen because it consists of a C-C backbone polymer,
which is more widely produced at approximately 77%
compared to heteroatomic polymers®?. Plastics composed
of this C-C backbone polymer are not easily degraded,
resulting in a large availability. Additionally, HDPE
plastic contains a higher carbon content, reaching 84.74%,
compared to other C-C backbone plastics like LDPE and
PVC*?D, This enhances the potential of HDPE plastic for
use as a raw material in CD production. We utilized a
combination  method involving pyrolysis and
hydrothermal processes. Urea served as the source of
nitrogen due to its availability and reactivity compared to
other nitrogen sources, while H,O, was used as an
oxidizing agent. We opted for the pyrolysis-hydrothermal
approach instead of the reflux-hydrothermal method, as
pyrolysis enables the breakdown of plastic polymer chains
into simpler chains without the need for solvents.
Consequently, this method yields a purer product
compared to the reflux-hydrothermal method as reflected
by the high value of the quantum yield.

2. Materials and Methods

2.1 Materials

Hydrogen peroxide (30 wt.% H»0O,), urea, quinine
sulfate, phosphate buffered salt (1X PBS, pH 7.4), and
sodium chloride were purchased from Merck (Germany).
Carbon sources for the experiment were HDPE plastic
bags manufactured by Santoso Company. All substances
were of high purity without necessitating additional
purification.

2.2 Synthesis of N-CDs

Table 1. Optimization parameters for N-CDs synthesis from
plastic bags with a urea mass of 0.125 g except N-CDs 0.

H:0: Hydrothermal Symbol QY (%)
Conc. Time (h)
(wt.%)
0 6 N-CDs 06 1.2
3 6 N-CDs 36 17.0
5 6 N-CDs 56 20.0
5 4 N-CDs 54 10.0
5 2 N-CDs 52 2.5
5 6 N-CDs 0 3.6

N-CDs were produced by pyrolyzing 1 g of HDPE
plastic bags at 300 °C for 4 h. Then, about 0.250 g of
pyrolyzed product was combined with 15 mL of H,O, and
urea, according to Table 1. The resulting mixture was then
transferred to a 25 mL autoclave. After the hydrothermal
process was conducted at 180 °C at various times (Table
1), the solution was centrifugated at 4,000 rpm for around
30 min to eliminate any residues. Ultimately, the yield of
N-CDs obtained ranged from 6.9% to 30.2%.
Modification CDs with nitrogen, increasing the H»O»
concentration from 0 to 5 wt%, and extending the
hydrothermal time from 2 to 6 h can enhance the yield of
the resulting CDs. Furthermore, N-CDs obtained have
blue fluorescence under UV light and a pale-yellow
transparent appearance under daylight, as shown in the
inset of Fig. 2.

2.3 Characterization of N-CDs

Before optical properties analysis, 0.1 mL of N-CDs
was dissolved in 3 mL of deionized water and then
characterized using a UV-Vis Shimadzu and RF-6000
fluorescence spectrometer. The wavelength range was
200-800 nm for UV-Vis spectra, while for fluorescence
spectra, emission wavelengths ranged from 300-600 nm
and 300-420 nm for excitation wavelengths.

The quantum yield (QY) measurement was conducted
on the N-CDs 56 using the following equation:

On-cps = Qr * In.cps/Ir * Ar/An-cps * TN-cDs/T)’R (1

n..n

In the equation, "¢@" represents quantum yield, "I"
represents  fluorescence intensity, "A" represents
absorbance, and "n" represents the refractive index of the
solvent used, which is water (1.33). The subscript "N-CDs
and R" mention the N-CDs and the reference, respectively.
Quinine sulfate is employed as the reference compound,
possessing a quantum yield of 54%".

The optical stability was determined based on
fluorescence intensity changes of N-CDs 56 at three
different conditions, namely after being stored for up to 54
days, after adding NaCl at various concentrations (0.0;
0.5; 1; and 1.5 M), and PBS solution at various
concentrations (0; 25; 50; and 100%), separately. The
procedure involved the addition of 0.1 mL of N-CDs 56 to
3 mL of deionized water to determine the storage stability,
NaCl and PBS solution to determine the ion strength
stability. Then, the solution was characterized using
fluorescence spectroscopy at 320 nm as the excitation
wavelength.

XRD analysis was conducted on dried N-CD samples
using a Bruker D2 Phaser XRD. The FTIR spectra were
acquired by the Shimadzu FTIR spectrometer, covering
the wavenumber from 4000 to 400 cm’'. Raman spectra
were acquired using the iHR320 instrument, employing an
excitation wavelength laser of 532 nm. The zeta potential
was measured utilizing a Nano Series Malvern Zetasizer
instrument, maintaining at 25 °C, a count rate of 90.1 kcps,
and performing 12 zeta runs. TEM, EDS, and SAED
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characterization were executed using a TEM FEI Technai
G2 20 S-Twin with a voltage of 200 kV. Image analysis
and particle size calculations were conducted using J-
Image software.

3. Results and Discussion

3.1 Synthesis of N-CDs

The optimal method to convert plastic bags into N-CDs
was determined by examining the optical properties of N-
CDs. Fig. 1 displayed the UV-Visible spectra of N-CDs
and a maximum absorption band was observed at around
289 to 300 nm assigned to electron transition of T-n* from
the carbonic core, which suggested the conjugated system
of C=C in the N-CDs structure®'¥. The broad absorption
up to 500 nm referred to the presence of electron
excitation from n-r* attributed to the heteroatomic surface
functionalities of N-CDs%??). Furthermore, based on UV-
Visible spectra, the rise of H>O, concentration as an
oxidant from 0 (N-CDs 06) to 3 (N-CDs 36) and up to 5
wt.% (N-CDs 56) can increase the absorbance of CDs
obtained and cause the absorption band to broaden
towards longer wavelengths. This is due to the rise of
H»0; concentration which can increase the functional
group's quantity of CDs surface!". H>O, contains oxygen
and will add oxygen groups on the CDs surface. These
functional groups can trap excited state energies, which
may help in achieving strong fluorescence. The
concentration of H»O, that produced the highest
absorbance CDs was 5 wt.% (N-CDs 56).

A variation in the hydrothermal time was performed to
determine the optimal synthesis time for producing N-
CDs with the best optical properties. Increasing the
hydrothermal time from 2 to 6 h (N-CDs 52, N-CDs 54,
and N-CDs 56) can enhance the absorbance and cause the
absorption band to broaden towards longer wavelengths.
This was because increasing the hydrothermal time can
optimize the breakdown of plastic and urea chains,
forming oxidized species that will be passivated on the
CDs surface®. The use of 6 h hydrothermal time (N-CDs
56) was the best time for producing N-CDs with the
highest absorbance. Compared to CDs without nitrogen
doping (N-CDs 0), N-CDs 56 had higher absorbance. This
occurrence is possible due to urea's ability to introduce
oxygen and nitrogen groups onto the CDs surface.

The emission spectra in Fig. 2 showed that the highest
intensity peaked at 415 nm upon excitation wavelength at
320 nm. As the concentration of H>O, increased from 0 to
5 wt.%, (N-CDs 06, N-CDs 36, and N-CDs 56) exhibited
an upward trend. This trend aligned with the observed
increase in absorbance measured by UV-Visible
spectrophotometer. Notably, the highest fluorescence
intensity of N-CDs was obtained using 5 wt.% H,O, (N-
CDs 56). Moreover, by extending the hydrothermal time
from 2 to 6 h, the fluorescence intensity of the N-CDs was
further enhanced. This improvement can be attributed to
the optimized presence of heteroatom functional groups

on the CDs surface. Specifically, a hydrothermal time of 6
h (N-CDs 56) was found to produce CDs with the
maximum fluorescence intensity. Passivation of nitrogen
onto CDs can increase fluorescence intensity compared to
the pristine CDs (N-CDs 0).

1.2
——N-CDs 06
——N-CDs 36
104 N-CDs 56
——N-CDs 52
N-CDs 54
N-CDs 0
o 08-
(8]
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. |
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Fig. 1: UV-Vis spectra of N-CDs at different H2O2
concentrations and hydrothermal time.
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Fig. 2: Emission spectra of N-CDs at different hydrogen
peroxide concentrations and hydrothermal time (Inset shows
the photograph of N-CDs under UV irradiation (right) and
daylight (left)).

- 1315 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 10, Issue 03, pp1313-1322, September 2023

Table 2. N-CDs quantum yield from plastic as the precursor.

Sources Nitrogen precursor Additional chemicals Method QY (%) | Ref.
Polyethylene Diethylenetriamine
H20: and zinc acetate Reflux-Hydrothermal 9.10 | '®
terephthalate (PET) (DETA) Y
Waste-expanded Ethylene-diamine
P Y CHCI; Solvothermal 20.00 |
polystyrene (EPS) (EDA)
Polyurethane (PU) - H2SO04 Pyrolysis 33.00 | 24
Ethylene glycol, zinc
Polyethylene terephthalate Y gy .. 25
(PET) Urea acetate, pyromellitic Thermal-Solvothermal 48.16 )
anhydride, and THF
This
Plastic bag (HDPE) Urea H202 Pyrolysis-Hydrothermal 20.00 | o
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Fig. 3: Emission spectra at varying excitation wavelengths from 300 to 420 nm (10 nm increment) for a) N-CDs 06; b) N-CDs 36;
¢) N-CDs 52; d) N-CDs 54; e) N-CDs 56; f) N-CDs 0. (Inset shows the normalization of emission spectra).
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The determination of quantum yield was then
performed on all N-CDs obtained using the quinine sulfate
as the reference. N-CDs 06, N-CDs 36, N-CDs 54, N-CDs
52, and N-CDs 0 have a quantum yield of 1.2, 17, 10, 2.5,
and 3.6%, respectively (Table 1). N-CDs 56 has the
highest quantum yield of 20%. The increase in quantum
yield is in line with the rise of fluorescence intensity. Table
2 shows the quantum yield comparison from plastic-based
N-CDs. The use of the pyrolysis-hydrothermal method
can generate a higher quantum yield than the reflux-
hydrothermal method, as expected. However, the quantum
yield value is also influenced by the presence of nitrogen
precursor types and other additional chemicals, as shown
in the research findings of Ma et al.?>.

The fluorescence spectra in Fig. 3 revealed that the
emission intensity grows at excitation wavelengths,
changing from 300 to 320 nm. The intensity of
fluorescence decreases as the excitation wavelength shifts
from 330 to 420 nm, indicating that 320 nm is the
maximum excitation wavelength. In addition, Fig. 3 also
shows a redshift of the emission peak with an increase in
excitation wavelength from 300 to 420 nm with a 10 nm
increment. This suggests that N-CDs have a unique
character of excitation-dependent emission wavelength,
which is commonly exhibited by carbon nanomaterials
that can fluorescence. The emission wavelength of N-CDs
shifted from 415 to 510 nm, indicating the excitation-
dependent emission behavior noticed. It is primarily
influenced by the various surface states rather than the
quantum confinement effect?®. Surface functional groups
play a crucial role in the fluorescence properties. The
introduction of heteroatom groups, such as nitrogen, to the
surface of CDs can stabilize surface energy traps and
enhance the fluorescence properties of N-CDs. Nitrogen-
rich atoms in N-CDs are particularly important in
generating the excitation-dependent fluorescence
observed?®).

Fig. 4 shows the FTIR spectra of N-CDs with various
synthesis parameters. N-CDs 0 (Fig. 4a) has absorptions
at ~3400 cm™ belonging to -OH stretching, ~2850 and
2930 cm! assigning to C-H sp?, ~1700 due to of C=0
stretching, ~1603 cm™! are related to C=C stretching of
aromatic groups, and ~1162 cm! due to O-C-O
stretching!®). Passivation CDs with urea and H>O0, 3 wt.%
as oxidants (Fig. 4b) caused a broadening peak at 3200-
3500 cm’!, overlapping peaks at 1500-1750 cm™!, and an
additional absorption emerged at ~1404 cm'. The
broadening of the absorption band at 3200-3500 cm™ was
attributed to the overlapping vibrations of hydroxyl (O-H)
and amine (N-H) groups. Furthermore, the broadening of
the absorption band at ~1500-1750 ¢cm’! corresponds to
the overlapping C=C, C=0, and C=N groups vibration,
while the absorption at 1404 cm! indicates the presence
of a C-N absorption 2”?®_ It indicated that passivation CDs
with nitrogen could add the heteroatom functional groups
on the CDs surface, such as C=N, N-H, and C-N.

The synthesis time variation between 2 and 4 h did not

show remarkable differences in the FTIR spectra (Fig. 4¢c
and 4d). However, upon increasing the hydrothermal time
to 6 h and the H»O, concentration to 5 wt.%, the
absorption band around 3200-3500 and 1500-1750 c¢m'!
were observed to become broader in Fig. 4e, suggesting
the abundance of N-H and O-H groups present on N-CDs
surface. Furthermore, at ~1500-1750 cm™ the absorption
band also broadened, referred to the additional C=N and
C=0 groups. There was also a peak at ~1180 cm™ due to
0O-C-O stretching. It is assumed that the use of
hydrothermal time is 6 h and H>O; concentration 5 wt.%
(N-CDs 56) can increase the functional groups of oxygen
and nitrogen. These groups contribute to obtaining N-CDs
with optimal fluorescence intensity. Additionally, the
presence of these groups can cause N-CDs to have
hydrophilic properties and high solubility in water,
making them potentially applicable in various fields such
as sensors and bio-imaging.

% Transmittance (a.u)

a) C—N

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

Fig. 4: FTIR spectra of a) N-CDs 0; b) N-CDs 36; ¢) N-CDs

52; d) N-CDs 54; ) N-CDs 56.

The characterization of the optical stability is conducted
because it greatly influences the effectiveness of N-CDs
for long-term application (eg. solar cells). In this study, the
N-CDs stability was tested regarding storage time, and the
presence of NaCl and PBS. Generally, the fluorescence
intensity can decrease as the storage time increases'?.
Additionally, the presence of NaCl can also reduce the
fluorescence intensity as it easily binds to the functional
groups on N-CDs surface, rendering them ineffective
when applied in salt-containing media, such as sensor and
bio-imaging. The optical stability of N-CDs 56 was tested
after storing for up to 54 days and adding NaCl solution.
Based on Fig. 5a, N-CDs 56 obtained showed good
stability after being stored for up to 54 days. This is
indicated by the fluorescence intensity that did not
significantly change with storage for up to 54 days.
Additionally, there was no observed aggregation during
the 54-day storage period. Hence, the N-CD particles have
good stability. The addition of NaCl solution to N-CDs 56
was performed to identify the fluorescence intensity
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change caused by the ionic strength presence. There was
no significant change in fluorescence intensity with NaCl
addition from 0 to 1.5 M (Fig. 5b). This result expressed
that N-CDs aggregation can be effectively controlled by
the strength of NaCl ions and can be separated even in the
existence of interfering salts. The N-CDs 56 solution
remained homogenous without visible precipitation upon
the addition of NaCl, as there was no ionization of surface
functional groups of N-CDs 56 in the existence of NaCl.
This suggests that N-CDs 56 is suitable for use in harsh
and sophisticated conditions. The fluorescence stability of
N-CDs 56 was also investigated in phosphate-buffered
saline (PBS) at various concentrations of 0; 25; 50; and
100% (Fig. 5c¢) to indicate the tolerability of N-CDs in
human cells. Increasing the PBS concentration up to 50%
did not lead to significant changes in fluorescence
intensity, indicating good fluorescence stability of N-CDs.
However, raising the PBS concentration to 100% resulted

in a slight decrease in fluorescence intensity, of about 10%.

The decrease could be due to interactions between the
surface functional groups of N-CDs (carboxyl, carbonyl,
hydroxyl, and amine) with the cations in PBS such as K*
and Na'. This finding suggests that the resulting N-CDs
have the potential to be applied in studies involving
human cells.

a) Day 0 §0000
60000 Day 14 -
Day 28 .
i z
50000 Day 54
40000
2
‘®
c
© 30000 4 I » 2 5
= Storage Time (Day)
20000 -
10000
0 -
T T T T T T
350 400 450 500 550 600
Emission Wavelength (nm)
b) 60000
— ()
—05 wms
50000 e 4
—15 %
40000 - =
s
=
2 30000 .
_‘g 00 o5 10 15
c NaCl Concentration (M)
20000
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0

T T T T T T
350 400 450 500 550 600
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€) 75000 o
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=
‘w 45000
c
Qo o 2 w0 e @ w
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30000 4 ——PBS 0%
——PBS 25%
= PBS 50%
15000 PBS 100%
04

3I50 4(130 450 5(']0 5\;)0 GCI)O
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Fig. 5: Emission spectra of N-CDs 56 a) after storage for 54
days, b) after the addition of NaCl with varying concentrations,
and c) after the addition of PBS with different concentrations.
(Inset shows the graph of N-CDs stability over storage time (a),
NaCl concentration (b), and PBS concentration c) at excitation
and emission wavelengths of 320 and 420 nm, respectively).

3.2 Structure of N-CDs

According to the FTIR spectra in Fig. 4d, N-CDs 56
have functional groups such as alcohol, carbonyl,
carboxyl, amine, and imine. Based on the XRD pattern in
Fig. 6, N-CDs 56 have a low degree of crystallinity,
indicating amorphous structures. The peak observed at 20
=27.9° with an interplanar distance of 0.32 nm depicts the
graphite (002) structure (JCPDS 00-012-0212)*%. The
(002) orientation corresponds to the vertical axis, or c-axis,
of the graphite unit cell, which is oriented perpendicular
to the hexagonal planes. The interplanar distance is
slightly shorter than graphite (002) (0.34 nm), probably
due to closely packed carbon atoms with surface
functionalities. In addition, a peak at 17.2°, corresponds to
an interplanar distance of 0.52 nm. The increased
interplanar distance compared to graphite (002) may be
due to the presence of defects in the graphite lattice caused
by bonding with oxygen or nitrogen functional groups'?.
This is consistent with FTIR that N-CDs contained
alcohol, carboxyl, carbonyl, amine, and imine. An
additional peak at 20 = 42.1° with an interplanar distance
of 0.19 nm belongs to graphite with the lattice (101)3.
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800
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Fig. 6: XRD pattern of N-CDs 56

In Fig. 7, the Raman spectrum of N-CDs 56 shows the
absorption band at 1232 ¢cm’!, indicating the D band, and
a broad peak at 1591 cm™ belonging to the G band
existence. The appearance of both D and G bands
indicates a carbonaceous structure of N-CDs 561, The D
band is accompanied by edge defects and disorder in the
carbon lattice. The G band represents sp? carbon atoms the
vibrational within the graphene planes and indicates the
crystalline structure of the carbon materials. The D band
intensity is much greater than the G band, which means
that N-CDs 56 structures have low crystallinity and are
accordant with the XRD pattern. The low crystallinity was
probably due to surface defects caused by alcohol,
carboxyl, carbonyl, amine, and imine groups which also
confirmed with FTIR. The Raman spectrum confirms that
N-CDs 56 consist of a graphitic structure with defects due
to functional groups, as illustrated in Fig. 9.

15000

10000 ~

Intensity

5000

G

T T T T T T
600 800 1000 1200 1400 1600 1800

Raman Shift (cm™)
Fig. 7: Raman spectrum of N-CDs 56.
The existence of various functional groups also affected

the CDs charge. Zeta potential measurements were
employed to assess the CDs charge in a dispersed

system3?. According to the zeta potential characterization
(Fig. 8), N-CDs 56 exhibit a positive zeta potential of
+105 mV and negative zeta potentials of -29.9 and -92.5
mV, indicating that N-CDs 56 have both positive and
negative charges on their surface. However, the positive
peak is lower than the negative peak. The higher negative
peak is assigned to the prevalence of negative charge
functional groups on N-CDs 56 surface, such as alcohol,
carboxyl, carbonyl, and imine. On the other hand, the
amine functional group contributes to the positive charges
observed*?.

80000 -

60000

40000 ~

Total Counts

20000 -

0

T T T T T
-200 -150 -100  -50 0 50 100 150 200
Zeta Potential (mV)

Fig. 8: Zeta potential graph of N-CDs 56
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Fig. 9: a) & b) TEM images at various scales, c) graph of
size distribution, d) SAED image, and e) EDS of N-CDs 56.
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The structure and distribution of particle size from N-
CDs 56 were also studied using TEM. In Fig. 9a, the TEM
image of N-CDs 56 presented the spherical shape like dots,
well distributed and separated from each other without
agglomeration formation. Based on Fig. 9b, lattice fringes
were observed with d-spacing of 0.52 and 0.32 nm. These
d-spacing values are associated with the (002) lattice
planes of graphite. An additional d-spacing of 0.19 nm
reveals (101) lattice planes belonging to the graphite
structure. The graphitic structure is characteristic of CDs
structure. This is an agreement with XRD and Raman. The
size distribution of N-CDs was calculated using ImagelJ
and the results are displayed in Fig. 9c. N-CDs have a size
ranging from 3.16-9.78 nm with 5.94 nm as the average
size. The SAED pattern in Fig. 9d confirmed the
amorphous nature of N-CDs. It is consistent with XRD
and Raman results, N-CDs have low crystallinity caused
by the abundance of functional groups on the CDs surface.
From the EDS data in Fig. 9¢, N-CDs consist of carbon
(55.8%), oxygen (21.7%), and nitrogen (22.5%),
indicating the purity of the N-CDs obtained. Based on all
the characterizations carried out, it can be concluded that
N-CDs have a defective graphite structure due to the
presence of functional groups such as O-H, N-H, O-C-O,
C=0, and C=N, as shown in Fig. 10. This varied
functional group causes N-CDs to form bonds with metal
ions, making them potentially applicable as selective and
sensitive metal ion sensors®!339,
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Fig. 10: Illustrated structure of N-CDs 56 (dashed line
represents electronic resonances).

3. Conclusion

The synthesis of N-CDs has been successfully achieved
using plastic bags as a carbon source and pyrolysis-
hydrothermal as the synthesis method. The yield of N-
CDs was obtained using variation of H,O» concentration
and hydrothermal time ranging from 6.9% to 30.2%.

Doping nitrogen with CDs, increasing H>O- concentration
to 5 wt%, and extending hydrothermal time to 6 h can
increase the fluorescence intensity and quantum yield
from 1.2 to 20%. The size of N-CDs ranges from 3.16-
9.78 nm and 5.94 nm as the average size. Based on the
characterization performed, N-CDs have a graphite
structure with defects due to the existence of surface
functional groups such as alcohol, carboxyl, carbonyl,
amine, and imine. The fluorescence stability test indicated
that N-CDs were stable to storage time, the presence of
NaCl and PBS. Thus, possible applications for
contaminant sensing in wastewater samples and human
cells are envisaged.
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