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absorption transition and the spectrum width is
determined by the electronic transition from one energy
state to another. This event occurs due to the difference
in energy between the two adjacent states due to the
smaller vibrational state when compared to the
electronic state of the CNPs. The carbon nanoparticles
(CNPs) size measurement results showed a peak value
of 38.63 nm. Functional group analysis by FTIR
spectroscopy showed that the CNP consists of C=C, C-
O, OH and C-N-C bonds. The Urbach energy (Eu)
increased with increasing hydrothermal synthesis
temperature at two hours (0.13, 0.16, 0.19 and 0.29) eV
and three hours (0.12, 0.17, 0.19 and 0.28) eV. The
bandgap energy (Eg) decreased with increasing
hydrothermal synthesis temperature to two hours (2.30,
2.24,2.00 and 1.92) eV and three hours (2.22, 2.20, 2.17
and 1.75) eV. The expansion of urea as a nitrogen source
was carried out at a aqueous temperature of 180 °C for
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2 hours and 3 hours within the blend of CNPs. The
addition of urea gave a different effect on the bandgap
energy (Eg) and Urbach energy (Eu) on the two CNPs.
The bandgap energy (Eg) both increased from two
hours (1.92 eV) to three hours (2 .22 eV), while urbach
energy (Eu) decreased for a duration of two hours
(3.336 eV) to three hours (3.330 eV) after adding urea.
hydrothermal temperature due to synthesis time so that
the structure of the CNPs becomes more stable and
homogeneous.

1. Introduction

Research related to Carbon Nano Particles (CNPs) which include methods of
synthesis, carbon sources, optical properties and their applications has been
continuously carried out over the last fifteen years (Jelinek, 2017). Its properties
which resemble those of inorganic semiconductor nanoparticles make this carbon-
based material an opportunity to replace or be used together with inorganic
semiconductors in its application (Choi et al., 2018). The joint use of CPNs and TiO2
or CNPs and ZnO semiconductors in photocatalyst applications has been shown to
increase the efficiency of absorption of ultraviolet and visible light (Truskewycz et
al., 2022). In addition, the strong and stable luminescence of CNPs has also become
the main attraction for the development of this research and has been used in
biochemical sensor applications (Dhenadhayalan & Lin, 2015), bioimaging (Jhonsi,
2018) and also biocompatible fluorescent inks (Dias et al., 2019).

In common, there are two approaches for CNPs union, top-down and bottom-up.
Aqueous union may be a simple bottom-up strategy for synthesizing carbon
nanoparticles, the essential rule of which is that chemical responses take put in a
fluid medium at temperatures over 100 °C (Sedira & Mendaci, 2020) and pressures
of 1 bar (Nhan et al., 2021). Synthesis time (duration), hydrothermal temperature,
carbon source and the treatment before and after synthesis will affect the size,
structure, and optical properties of CNPs which will also affect their utilization
(Nammahachak et al., 2022a). CNPs which are sourced from natural materials are
an opportunity to be applied in biological systems (Liang et al., 2019) because they
are low in toxicity (Yuan et al.,, 2019). CNPs synthesized from ginger has been
appeared to hinder the expansion of liver cancer cells (Li et al., 2014), CNP in
coriander leaves can be used as an antioxidant, sensor and bioimaging tool (Sachdev
& Gopinath, 2015), and potato-based CNPs can act as probes for imaging epithelial
tissue cells (Mehta et al., 2014).

Hydrothermal reaction parameters, including temperature and time, carbon
sources, reagents, and dopants, affect the optical properties of CNPs. In this study,
the hydrothermal method was used to hydrothermally synthesize CNPs for 2 h and
3 h, and the impacts of temperature and aqueous time on the gotten optical
properties were analyzed. Synthesis was carried out with the addition of urea as a
nitrogen source which effectively reduced the bandgap energy and increased the
fluorescence intensity (Li et al., 2019). In this study, the addition of urea was carried
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out on the sample for a reaction temperature of 180 °C with the assumption that the
highest fluorescence quantum yield was produced from the high temperature of the
hydrothermal reaction (Meiling et al., 2016).

In this research, Lemongrass (Cymbopogon citratus) stems were used as a carbon
source. Lemongrass is a herbaceous plant that is commonly used in countries with
tropical climates, especially in the Southeast Asian region. Lemongrass contains
phytochemical compounds in the form of flavonoids (Nurinnafi'a et al., 2022),
phenolics (Falah et al., 2015), terpenoids (Balfas & Rahmawati, 2022), and essential
oils, and chemical composition consisting of carbohydrates, proteins, fats, and fiber
(Pratiwy et al., 2019). The many of syntheses of CNPs, there have been no related
studies using citronella as a carbon source. Phytochemical compounds and chemical
compositions which are the source of carbon in lemon grass produce CNPs that are
different from their original properties and will also be different from CNPs
produced from other sources.

Hydrothermal methods are methods of synthesis of CNP materials using single or
heterogeneous reactions in aqueous solutions at high temperatures (T > 25 °C) and
pressures > 100 kPa. The hydrothermal method was chosen because it is relatively
simple and does not require equipment complex and expensive (Anh Tuan et al.,
2021), but it also has several advantages such as fast heating (Ruiz-Jorge et al., 2021),
fast reaction (Auyoong et al.,, 2013), better results, high purity and efficiency,
transformation energy (Babu et al., 2023). The selection of temperatures aims to
control the optical properties and intensity of luminescence of CNPs (Kapitonov et
al., 2018). The use of hydrothermal temperatures refers to several studies,
temperatures of 140 °C (Aydin et al., 2022), temperatures of 160 °C (Carvalho et al.,
2019), temperatures 180 °C (Nammahachak et al., 2022b). Hydrothermal time is one
of the factors that affect the synthesis of CNPs. The longer the hydrothermal time,
the more fluorescence intensity and wavelength produced will increase (Suzuki et
al., 2021). The variation of hydrothermal time used in this study was 2 and 3 hours
to determine the effect of hydrothermal time on the synthesis results.

2. Method

The materials used were lemongrass stems as a carbon source, distilled water as a
solvent, urea (CO(NH>)2) as a nitrogen source, filters 0.45 um and 0.2 um. The first
step is to synthesize CNPs with variations in temperature (120, 140, 160 and 180) °C
and duration (2 and 3) hours respectively. Synthesis of CNPs by hydrothermal
method using Reactor Controller Type 4848 (Parr Instrument Company). The layers
of fresh lemongrass stems were separated into strands, washed and wiped in each
layer, then washed again using distilled water, then drained, and weighed using a
digital scale to obtain 12 grams of lemongrass. The lemongrass is cut to deliver a
littler measure of almost (0.2 x 0.4 x 0.6) cm. Lemongrass was put in a Vessel Reactor
with a volume of 600 ml and 50 ml of refined water was included to it, the tube was
closed and warmed at 120 °C for 2 hours. After warming, continue with normal
cooling. This procedure was repeated at different temperatures (140, 160 and 180)
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0C for 2 hours. The same procedure was carried out for hydrothermal for 3 hours
(Liu et al., 2012).

The second stage is synthesizing CDs with the addition of urea (CO(NH>)2).
Synthesis was carried out with the same procedure as CDs without adding urea.
This procedure is carried out by adding 0.02 grams of urea. The hydrothermal
synthesis was performed using the Small Bench Top Reactor and reactor controller.
The hydrothermal product was filtered through a 0.45 um pore filter and the large
particles were filtered. centrifuge at 18,000 rpm for (0-30) min at room temperature.
The centrifuge that was used was Himac CR 21G. Fill the bottle with CDs sample,
for a 50 mL volume bottle with a maximum capacity of eight bottles for one
centrifugation. Insert the bottles containing the CDs samples into the centrifuge
container in a balanced position (2, 4, 6 and 8 bottles per centrifugation), adjusting
the temperature, speed and spin time required. CDs from the centrifugal products
were stored at room temperature for further characterization.

Figure 1 shows the method for synthesizing CPNs using a hydrothermal reactor.
Figure 1 briefly shows the synthesis flow. The first step is to prepare the ingredients
needed, namely the lemongrass that has been cut into small pieces. The results of
these small pieces are put into the Autoclave Vessel. The temperature used
according to the research method. The initial temperature used was 120 °C for 2
hours, followed by 140 °C, 160 °C and 180 °C. This method is also performed for the
3 hour time parameter with the same temperature sequence. The hydrothermal
results were filtered through the sediments and the optical, FTIR, and particle size
properties of the CNPs are described.

UV-Vis absorption spectroscopy measurements were performed using a UV-Vis
spectrophotometer (Ocean Optics USB-4000). Fluorescence spectroscopy was
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Figure 1. Synthesis of CNPs by hydrothermal method at temperature and time
control
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performed using a fluorescence spectrometer (Ocean Optics USB-4000). Infrared
spectra were recorded on an ABB-MBsooo FTIR spectrometer. The Zetasizer Ver.7.11
Malvern Instruments Ltd was used to measure the size distribution of the CNPs.
CNPs were sifted through a 0.2 pm channel layer some time recently estimation. All
estimations were performed at room temperature. The bandgap energy (Eg) can be
calculated from measurements of the absorption spectrum using the Tauc Plot
method in equation (1). The assimilation coefficient (a) is utilized to decide the
Urbach vitality parameter (Eu) comparing to the move between the extended
valence band state and the neighborhood conduction band state. The Urbach energy
(Eu) is determined on the graph of Ln(a) compared to the photon energy (hv) by
equation (2). hv is the photon energy as a function of the frequency and wavelength
shift (\).

(chv)" = A(hv - EQ) 1)
ha=he,+ (gj (2)

The esteem of h is Planck's steady, v is the recurrence of light, a is the retention
coefficient, A is the optical steady, and Eg is the bandgap energy (Pathak et al,,
2012). The control esteem of n relates to the electronic properties of the bandgap,
where n=2 for coordinate moves and n=1/2 for roundabout electronic moves. Based
on this proportionality, the bandgap energy can be determined by constructing a
curve between hv and (ahv)1/2. (Suram et al., 2016). In this study, the calculation of
the bandgap energy uses the value n = 2 by assuming that the electronic transitions
that occur in the absorption band are indirect (Zeng et al., 2017). The Urbach energy
(Eu) is determined from the linear slope of the absorption coefficient curve (Ln (a)-
(hv)) or as the reciprocal of the slope of the linear part of the diagram between Ln

(a)-(hv).

The Stokes shift is a quantized energy transition caused by the radiant electric field
with electrons. This incident absorbs light energy from the laser at a certain
wavelength and re-emits the light energy at a larger wavelength (Zhang et al., 2021).
The contrast in energy between the excitation and emission groups is called the Stirs
move. The bigger the AE, the bigger the Stokes move, which causes the optical
bandgap to broaden. Stokes shift energy is calculated by using the equation:

- EEmission (3)

AE is the shift in Stokes energy, Egmission is the energy (hv) of the peak wavelength
of the fluorescence and Egxcitation is the energy (hv) of the peak wavelength of the
absorbance.

AE=E

Excitation

3. Result and Discussion

Synthesis of CNPs made from lemongrass using the hydrothermal method showed
that the temperature and hydrothermal duration affected the optical properties and
energy produced. At a duration of 2 and 3 hours, there is a difference in the value
of the intensity of the absorption of CDs absorption to the wavelength of UV light

14



Nalwi, R., et al/ Jambura Physics Journal (2023) Vol. 5 (1): 10-28
based on hydrothermal temperature. For 2 hours there was a change in the
absorbance value between 120 °C, 140 °C and 160 °C which tended to show a change
in the peak wavelength value linearly (Figure. 2A). Meanwhile, the fluorescence
intensity occurs at a wider wavelength than the hydrothermal temperature of 180
°C, while the hydrothermal temperature of 120 °C, 140 °C, and 160 °C tends to have
the same emission spectrum bandwidth with the highest intensity produced by CDs
with a temperature of 120 °C (Figure. 2B).

For a duration of 2 hours, the bandgap energy of CDs of lemongrass stems was in
the range of (2.30, 2.24, 2.20 and 1.92) eV (Figure. 2C), while the energy of urbcah
(Eu) was (0.13, 0.16, 0.19 and 0.29) eV for temperatures of (120, 140, 160, 180) °C for
two hours of hydrothermal duration (Figure. 2D). The bandgap energy (Eg) of CDs
synthesized within 2 h decreased with increasing hydrothermal temperature, while
the Urbach energy (Eu) increased with increasing hydrothermal temperature.

There was a band move within the emission range when the hydrothermal duration
was increased to 3 hour, UV light absorption (Figure 3A) and fluorescence intensity
(Figure 3B) increased at the synthesis temperature of 160 °C and 180 °C. Emission
spectral peaks around 500 nm with excitations of 400 - 410 nm were also produced
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Figure 2. Spectra of (A) absorption, (B) fluorescence intensity, (C) Eg and
(D) Eu of 2-hour samples.
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Figure 3. Spectra of (A) absorption, (B) fluorescence intensity, (C) Eg and (D)
Eu of 3-hour samples

in several studies (Zhang et al., 2013). CNPs that were synthesized for 3 hours
experienced an increase in energy gap as the hydrothermal temperature increased
with the highest energy band gap of 2.22 eV (120 °C) , 2.20 eV (140 °C), 2.17 eV (160
0C) and 1.75 eV (180 °C) (Figure 3C). Differences in the energy gaps of CNPs can be
caused by variations in nanoparticle size, shape, and surface structure.

Bandgap (Eg) will decrease with increasing nanoparticle size (Choi et al., 2018). The
urbach energy (Eu) increases at 120 °C (0.12 eV), 140 °C (0.17 eV) and 160 °C (0.19
eV). Meanwhile, at 180 °C it dropped to 0.28 eV, this happened because the CDs
absorption coefficient increased and the energy gap (Eg) decreased. Urbach energy
(Eu) values are plotted on a plot of Ln (a) versus photon energy (hv). (Figure 3D)
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using equation (2), while the energy gap (Eg) value using the Tauc Plot method in
equation (1).

Table1l. Bandgap energy (Eg) and Urbach energy (Eu) values based on synthesis
hydrothermal temperature.

Synthesis Eg (eV) Eu (eV)
Temperature
(°C) 2h 3h 2h 3h
120 2.30 222 0.13 0.12
140 2.24 2.20 0.16 0.17
160 2.00 217 0.19 0.19
180 1.92 1.75 0.29 0.28

Table 1 is the result of optical parameter calculations based on hydrothermal
temperature. Table 1 is the value of the energy gap (Eg) and energy urbach (Eu).
This value is affected by temperature and hydrothermal time, indicating that the
higher the temperature, the higher the Urbach energy (Eu) value, while the lower
the energy gap (Eg) value is, the higher the temperature at two and three hours.
The Urbach energy (Eu) is the distinction in photon energy (hv) between the
retention groups found within the locale between the valence band and the
conduction groups. Urbach energy (Eu) can also occur as a result of the process of
cation distribution in the synthesis method due to the influence of hydrothermal
temperature, causing cation migration. The decrease in Urbach energy (Eu) and
band energy (Eg) in citronella synthesis under hydrothermal temperature treatment
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Figure 4. Graph of temperature relationship with (A) 2-hour and
(B) 3-hour of Eg and Eu.
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may be due to the increase in molarity to make it more stable and homogeneous.
The increase in Urbach energy (Eu) and energy gap (Eg) is due to the increase in
structural disorder in the molecular properties of this synthesis method. The
irregularity is due to the increasing hydrothermal temperature. The high Urbach
energy (Eu) and low gap energy (Eg) also indicate that the sample has a low density,
as indicated by the UV absorption intensity value, which increases with increasing
hydrothermal temperature.

Figure 4 is the relationship between Urbach energy (Eu) and bandgap energy (Eg)
with changes in synthesis time and temperature. When the temperature and time
increase in hydrothermal, the value of the energy gap (Eg) decreases. This occurs
because the concentration of moving atomic bonds absorbs the photon's energy,
sharpening the exponential band tails of the conduction and valence bands. As a
result, the bandgap (Eg) value becomes smaller. The relationship between bandgap
energy (Eg) and Urbach energy (Eu) is shown in Figures 4 (A) and (B). The
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Figure 5. Two-hours sample relationship chart (A) hv to absorbance, (B) hv to
fluorescence intensity, (C) fluorescence of mechanism and (D) Stokes
energy at hydrothermal temperature
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decreasing value of the trend line is based on the results of the survey (Kré et al.,
2010).

Synthesis of carbon nanoparticles (CNPs) made from lemongrass using the
hydrothermal method shows that the temperature and hydrothermal duration
affect the luminescence of CNPs. For two hours, there was a shift in the emission
band towards a longer wavelength at a hydrothermal temperature of 180 °C, while
temperatures of (120, 140, and 160) °C tend to have the same emission spectrum
bandwidth with the highest intensity being produced by CNPs with a temperature
of 120 °C. When the hydrothermal duration was increased to three hours, there was
a shift in the emission spectral bands for the synthesis temperature of 160 °C and
180 °C.

In Figures 5 (B) and 6 (B) the energy level of fluorescence emission is smaller in
number when compared to the excitation energy (absorbance) in Figures 5 (A) and
6 (A), causing different colors in the excitation and emission stages. In addition, the
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wavelength of the emission will always be longer than the wavelength of the
excitation. This is caused by the relaxation process. The process can be seen in
Figures 5 (C) and 6 (C). The results of the Stokes displacement energy and the
analysis curve of the Carbon Nanoparticles (CNPs) after the hydrothermal
temperature change can be seen in Figures 5 (A) and 6 (A).

The fluorescence emission is a result of the thermal equilibrium of the excitation
state, that is, at the lowest vibrational energy level. Measurement of absorbance and
fluorescence intensity after the addition of hydrothermal temperature produces
intensity values at different peak wavelengths. The absorbance absorption results
have presented the changing peak wavelength values based on the synthesis of
hydrothermal temperatures for two and three hours duration. This change indicates
that the CNPs molecules in water solvent are stronger in intensity to absorb UV-Vis
light at 180 °C with a time of three hours than the CNPs molecules synthesized in
two hours. When the CNPs that have been synthesized for three hours are long,
they absorb photon energy so that excitation occurs to the LUMO level. The
electrons return to their ground state while emitting light (fluorescent). The CNPs
emission photon energy value at 2 hours duration was shown in bland 5 (C) and
after three hours of synthesis it was seen in bland 6 (C). This has indicated that the
CNPs molecules absorb laser (405+10) nm more strongly as a light source at 3 hours
duration than at two hours duration at hydrothermal synthesis temperature.

Figures 5 (C) and 6 (C) show that luminescence events occur in CNPs whose surface
is passive due to the presence of energy traps, thus emission stabilization occurs.
When the CNPs return to the ground state (S0), they emit energy photons (Egxc.),
then the emitted photons (Eem.) have a smaller energy and longer wavelength than
the photons absorbed by the energy absorption (Eexc). The difference between the
excitation and emission energies (Egxc. - EEm.) of CNPs can be seen in figures 5 (D)
and 6 (D). Therefore, the CNPs molecules are excited quickly (relaxed) to the lowest
vibrational energy level, namely from S1 to S1' due to the energy dissipation of the
CNPs (Figure 5 (C) and 6 (C)). So that the fluorescence emission spectrum is
independent of the wavelength of the excitation wavelength peak, the emission
represents the transition of the molecules from low energy to higher energy, namely
HOMO to LUMO, which then falls to a lower energy level and usually occurs as a
triplet in the area. HOMO is the highest valence band orbital occupied by an
electron, and LUMO is the lowest conduction band orbital not occupied by an
electron (Yoosefian et al., 2018). In the analysis of emission levels high-intensity
values indicate large amounts the particle falls to a lower energy level. This Stokes
shift occurs because the structure of CNPs in the ground state is different when
compared to that in the excited state.

Figure 7 (A) is the spectrum of the wavelength of the CNPs transmittance value.
The interaction between infrared radiation and CNPs was recorded using an FTIR
spectrometer in the medium infrared range (4000 — 400 cm-!). The FTIR spectrum
sample measurements used were 3 hours and 180 °C. This was done because the
absorption value of UV light at 3 hours with a temperature of 180 °C was higher
than other measurements. The results show that strain vibration occurs in the
absorption band 1636 cm! which is an aromatic vibration C=C and C=O (Yang et
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Figure 7. (A) FTIR spectrum of CNPs and (B) Size distribution of CNPs.

al., 2014), 3250 - 3600 with peak 3441 cm! which is a strain vibration O-H (Ruan et
al., 2016), 2075 cm-1 vibration strain N=C=N (Stuart, 2004). These vibration peaks are
similar to results reported by Yang and colleagues (Yang et al., 2014) . The infrared
spectra of various research results differ from one another, especially for CNPs which
depend on the carbon source, reaction method and parameters (Tucureanu et al.,
2016). In any case, the electronic move of the carbon center (C=C), which may be a
surface useful bunch counting C-O, C=0, and COOH, is the electronic move that
starts the fluorescence of CNPs (Khan et al., 2017).

Measure conveyance estimation by energetic light diffusing in figure 7 (B) appeared
that CNPs was synthesized at 180 °C for 3 hours. X-1 is the primary estimation, X-2
is the moment estimation, X-3 is the moment estimation. The average value of
nanoparticle size is added up and then divided by the number of repeat
measurements that have been carried out. So that the distributed CNPs size values
are shown in Figure 6 by presenting X-1 (black graph) with a number intensity of
24.77% (43.82 nm), X-2 (red color graph) with a number intensity of 27.32% (44.73
nm) and X-3 (blue color chart) with an intensity of 27.34%. This indicates that the
CNPs produced in this synthesis are not classified as CDs below 10 nm due to other
particles in the sample (Wang & Hu, 2014). The average size distribution of the
CPNs was 38.63 nm For further purification, dialysis membranes can be used.

Doping, or adding certain elements to CNPs, is a method used to control the
photoluminescence properties. The variety of precursors that can be used as a
nitrogen source. Use of urea as doping in the synthesis of CNPs which is applied as
a temperature sensor (Atabaev et al., 2019). In this study, the addition of urea to the
synthesis of CNPs gave a different effect on the optical properties between the
hydrothermal durations for two hours and three hours. During the two-hour
hydrothermal time, the addition of urea results in a spectral shift of the absorption
band towards shorter wavelengths (blue-shift), accompanied by an increase in
absorption intensity, On the other hand, the fluorescence emission band spectrum
shifts to longer wavelengths (red shift) with decreasing intensity (figure 8 (A)).
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Figure 8. (A) Absorption spectrum, (B) Fluorescence intensity after addition of
urea for 2 hours, (C) absorption spectrum and (D) fluorescence
intensity after adding urea for 3 hours.

The shift in absorption towards longer wavelengths can be caused by the joining of
CNPs and some auxochromes, this was also produced in research conducted by
(Atabaev et al., 2019) and also by (Wu et al., 2017). The decrease in quenching
intensity can be caused by various processes (Figure. 8 (B)), including a decrease in
intensity due to collisions that occur when the fluorophore in an excited state is
deactivated due to contact with another molecule (quencher). Some of the molecules
that can cause a decrease in intensity (quencher) are oxygen, halogens, amines, and
molecules that lack electrons.

The plot using the Tauc method shows that there is a difference in the band gap
energy (Eg) between the CNPs without the addition of urea and with the addition
of urea. The resulting band gap energies of 1.92 eV and 2.22 eV for CNPs after
adding urea resulted in an increase in energy gap after adding urea. (Figure. 9 (C)).
This indicates that urea can increase the valence and conduction band energies
(Choi et al., 2018) addition of nitrile groups and nitro groups to the carbon point
also shows that the energy of the HOMO-LUMO gap is narrowed, resulting in a
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HOMO-LUMO gap energy of 1.12 eV. undoped carbon dot and HOMO-LUMO gap
energy decrease to 1.05 eV and 1.03 eV for carbon doped with nitro and nitrile
groups, respectively. The addition of certain groups to adjust the bandgap is called
the bandgap technique, which refers to the concept that molecules with strong

electron-withdrawing groups tend to produce low LUMO energy levels (Choi et al.,
2018).

The shift in absorption towards longer wavelengths can be caused by the joining of
CNPs and some auxochromes, this was also produced in research conducted by
(Atabaev et al., 2019) and also by (Wu et al., 2017). The decrease in quenching
intensity can be caused by various processes (Figure. 8 (B)), including a decrease in
intensity due to collisions that occur when the fluorophore in an excited state is
deactivated due to contact with another molecule (quencher). Some of the molecules
that can cause a decrease in intensity (quencher) are oxygen, halogens, amines, and
molecules that lack electrons.
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Figure 9. Energy spectrum of (A) absorption, (B) fluorescence intensity, (C)
bandgap energy (Eg) and (D) urbach energy (Eu).
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The expansion of urea with a hydrothermal time of three hours (figures 8 (C) and 8
(D)) brought about in a blue move of the retention band went with by a diminish in
escalated and a blue move of the fluorescence band is wont with by an increment
within the retention band with escalated. The move of the fluorescence emission
and absorption groups of the CNPs to shorter wavelengths does not appear to be so
critical, which may be due to the exceptionally moo nitrogen substance in 0.02
grams of urea. However, nitrogen in urea for three hours of hydrothermal duration
showed its role as an effective dopant to increase the fluorescence intensity.

Table 2. Curve slope, Urbach energy (Eu) and bandgap energy (Eg) of CNPs.

Time parameters  Energy curve (hv) and Ln Eu Eg
(hours) (o) slope (eV) (eV)

2 2.97 0.33645 1.92

3 3.03 0.33058 2.22

The results are summarized in Table 2 at a processing temperature of 180 °C after
adding urea during the two and three hour synthesis process. The Urbach energy
(Eu) is determined as a function of the photon energy (hv) to Ln (a) as shown in
tigure 8 (D). Urbach energy (Eu) decreases with the change of synthesis time in the
hydrothermal method (two and three hours), while the energy of the valence band
increases as the synthesis time increases in the hydrothermal method (Figure. 9 (D)).
The Urbach energy (Eu) is calculated as the converse of the incline of the straight
portion of the chart between Ln (a) and the energy (hv) (Mishra et al., 2016).

4. Conclusion

Carbo Nano Particles (CNPs) sourced from citronella which has been synthesized
by the hydrothermal method produced the highest absorption at the peak
wavelength spectrum and the highest fluorescence intensity at 180 °C and a
synthesis time of three hours. Increasing hydrothermal temperature (120 °C, 140 °C,
160 °C and 180 9C) causes the luminescence peak to shift towards higher
wavelengths, while the bandgap energy (Eg) decreases regularly with increasing
synthesis temperature for two and three hours. The urbach energy (Eu) increases as
the hydrothermal synthesis temperature increases. The Stokes shift shows the
transition of absorption energy (absorbance) at the peak of the maximum
wavelength and the maximum emission spectrum (fluorescence) value. This Stokes
shift occurs because the structure of CNPs in the ground state is different when
compared to the excited state. Addition of urea as nitrogen source for the synthesis
of CNPs extracted from lemongrass at a synthesis temperature of 180 °C for three
hours could increase the fluorescence intensity. The absorption coefficient (a)
increases the bandgap energy (Eg) and decreases the Urbach energy (Eu).
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