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ARTICLE INFO ABSTRACT

Keywords: Carbon Dots (CDs) which have been synthesized using the laser
ablation method show the presence of UV-Vis absorption in the
wavelength range of 303 nm to 333 nm for absorbance and 495 nm
to 503 nm for fluorescence. Changes in the time duration 1, 2, 3
hours of CDs resulted in changes in the optical energy gap. The
optical energy gap values are distinguished by the type of indirect
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1. Introduction

Carbon is a material that is easily obtained from various sources of organic life
so that its development in the field of material engineering is very popular, such as 3-
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dimensional graphite (Belenkov & Ali-Pasha, 2011), 2-dimensional graphene and
graphene oxide (Klintenberg et al., 2009), 1-dimensional carbon nanotubes, to carbon
nanomaterials (Ahmadi et al., 2008). In general, carbon is a black material, has low
solubility in water and has low fluorescence. In contrast to carbon nanodots (CDs) they
contain carboxylic acids on their surface and can cause higher solubility in water so
that they can be functionalized against organic, polymeric, inorganic, and biological
materials (Baker et al., 2010). CDs are defined as carbon nanoparticle-sized materials
that have zero dimensions with a size of 2-10 nm and has the characteristics of heavy
metal based on quantum dots (Dave, 2020). The discovery of new materials from
carbon in the form of carbon nanodots (CDs) is a topic that will be widely studied in
the world of science because, in terms of the unique size and benefits produced, CDs
have strong photoluminescence properties.

Fundamental research and applications of carbon-based materials have always
been popular in chemistry, materials, and other interdisciplinary fields. However,
macroscopic carbon materials do not have the appropriate bandgap energy, making
them difficult to be effective fluorescence materials. The topic of Carbon Dots (CDs)
has been around for decades this year and is a very promising area of materials
research. CDs are a new model of carbon atoms with a particle size of less than 10 nm
(Lim et al., 2015). CDs also present interesting fluorescent properties (Liu et al., 2016),
low toxicity (Wang et al., 2013), good water solubility (Bhatt et al., 2020), good
biocompatibility (Emam et al., 2017), has many types of functional groups such as
amino, hydroxyl and carboxyl compounds (Ding et al., 2020), high stability (Basu et
al., 2015) and electron mobility (Zhang et al., 2018). Making CDs can use materials from
nature such as plants that have environmentally friendly properties, are cheap and
easy to find and are available around our environment. Therefore, the fluorescence of
CDs has great potential for application in photocatalysis (Peng et al., 2020), bioimaging
(Dias et al., 2019), drug delivery systems (Sun et al., 2020), and other related fields.
Very small CDs with large surface-to-volume ratios are expected to improve their
performance in sensing (Sun et al., 2017) and catalytic applications (Hutton et al., 2017).

Synthesis of carbon nanoparticles obtained by laser ablation method onto carbon
targets immersed in water is a method that can be optimized to produce carbon
nanoparticles with a size of about 100 nm (Goncalves et al., 2010). The fluorescence
properties of CDs that have been synthesized by the laser ablation method in colloidal
form is an interesting process because it has many applications. However, unlike the
CDs produced by the hydrothermal method, the CDs synthesized by the laser ablation
method were never separated by the dialysis form. But what distinguishes it is the
result of the synthesis and the identification of the source of the fluorescence properties
(Kaczmarek et al., 2021).

Tea dregs are leftovers from tea that has undergone a dissolution process with
water so that the remaining fibres are more dominant in the form of insoluble fibre.
Tea waste containing cellulose (37%), hemicellulose and lignin (14 %), and polyphenols
(25%)(Bajpai & Jain, 2010). Dried tea dregs are easily found in various waste disposal
locations. The development of research related to the use of tea dregs for CDs has been
carried out by several researchers. The use of tea dregs and peanut shells in the concept
of waste utilization and environmental protection shows good CDs stability, emits a
strong blue fluorescence, is stable under ultraviolet light excitation and has many
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hydrophilic functional groups on its surface (Zhu et al., 2019). Tea grounds that have
been used as precursors for CDs have been reported in one study. The results of the
electrostatic interaction of positive charges on chitosan and negative charges on CDs
made from tea were used for the manufacture of nanocomposite hydrogel films based
on CDs-chitosan which had stable and strong properties (Konwar et al., 2015).

The laser ablation process was induced in acetone with laser pulses of 1064, 532,
and 355 nm at different irradiation times (Isnaeni et al., 2017). Synthesis of the
nanoparticle structure of fluorescent CDs obtained by laser ablation of solid carbon
targets in colloidal form has been reported by several studies (Reyes et al., 2016). The
Tauc Plot method is a method of determining the optical band gap by looking at a
linear graph of the relationship E (eV) on the x-axis and (ahv) m-1 y-axis. The
determination of the energy gap value is determined for 2 possible types of transitions,
namely direct transitions and indirect transitions based on calculations using the Tauc
Plot method (Abed et al., 2020). The synthesis of CDs using wastepaper has been
successfully carried out and the addition of synthesis time affects the absorption of a
wider spectrum and lower energy gap (Fadlan et al., 2017). For electron transition,
minimum energy is required. Therefore, the energy gap of CDs is controlled by the
heating temperature. The energy change of CDs has been determined by the Tauc Plot
method (Aji et al., 2017).

2. Method

The initial stage is the manufacture of carbon material 250 grams of tea dregs is
put into a carbonization device (Furnace) with an initial temperature of 259C to a final
temperature of 900°C at a temperature rise rate of 600°C/hour (Vinsiah et al., 2014).

The carbon was crushed using a mortar to a powder size before being treated
with laser ablation. The equipment used is a Pulse Laser Type Q Switch Nd: YAG Laser
Model Q Smart 850, digital scales, micropipettes, magnetic stirrer, stopwatches,
thermal furnaces, measuring cups and measuring bottles. The materials used are
Toluene (CH7Hs M.W 92.14 gr/mol) and carbon from Goalpara brand tea dregs in the

| | -

Tea powder

L

Goalpara brand tea

“@)

Carbon from tea Carbonization process

Figure 1. Carbon material manufacturing scheme.
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Figure 2. Schematic of CDs fabrication by laser ablation method.

carbonization process. The laser ablation method uses a wavelength of 1064 nm and a
frequency of 10 Hz (Li et al., 2011). The pulse width used is +6 nsec at an energy level
of 60 mJ. The CDs fabrication method uses a duration control of 1, 2, and 3 hours. The
laser beam is focused on a colloidal carbon material with a carbon weight
concentration of 0.02 grams in 6 ml of toluene solvent. Using a lens and mirror to focus
the laser light precisely on the carbon material in the bottle and a magnetic stirrer to
homogenize the carbon particles with the toluene molecules.

Measurement of optical properties was carried out using a UV-Vis Spectro
photometer and a laser Spectro fluorometer 405 nm * 10 nm (Ocean Optic™ 4000),
micropipette, UV lamp, halogen lamp and optical cable. This measurement was
carried out to determine the luminescence and peak intensity of the CDs wavelength
from laser ablation samples 1, 2, and 3 hours. The materials used in the measurements
were samples of CDs (1, 2, 3 hours) laser ablation results, cuvette bottles (Quartz
cuvette 3.8 ml). Optical properties transmittance is measured based on the intensity of
the absorbance of CDs. A total of 2 ml of CDs dissolved in toluene was inserted into a
cuvette which was connected directly to the spectrophotometer via an optical cable
with a halogen lamp as a light source. The measurement of the optical properties of
fluorescence was carried out by firing a laser beam of 405 + 10 nm towards the sample
through an optical cable in an upright position.

Morphological analysis of CDs was characterized by using TEM (Transmission
Electron Microscopy, FEI Tecnai G2 20S Twin) 200 kV. The CDs samples tested were
the result of laser ablation which had higher intensity and wavelength peaks. The CDs
in the toluene solution were transferred as much as 1 mg/ml to the measurement
container. Then dried for a few minutes and after drying the CDs were inserted into
the TEM spot or holder to take morphological images with a magnification of 500 nm
and 50 nm. Analysis of the particle size distribution of CDs was carried out using
image-J software (Kurniawan et al., 2011).

The energy level indicates the difference of each CDs that has been synthesized
by the laser ablation method. Energy is calculated based on absorbance (excitation)
and fluorescence (emission) wavelengths using equation (1), where h is Planck's
constant (6.62 x 10-34 Js), c is the speed of light (3 x 108 m/s) and is the wavelength (nm).
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The determination of the gap energy (Eg) of CDs is carried out fundamentally,
namely the transition from absorbance and transmittance. Direct and indirect
transitions can use equation (2) (Ali., 2011). Where A is the optical constant, is the
absorbance coefficient (cm-), hv is the photon energy, Eg is the gap energy and n is
the transition value which depends on the type of transition (direct transition,n=1/2
and indirect transition, n = 2). The absorption coefficient (a) is calculated using
equation (3). Where a is the absorbance value and d is the diameter of the cuvette
thickness (cm). The optical band gap energy is determined using the equation (Oo et
al., 2012):

(ochv)% = A (hv — Eg) (2)
2.303 a
a=—7 3)

The bandgap energy (Eg) was calculated based on the values obtained from the
absorption coefficient and energy (hv) of each sample CDs. The optical band gap
energy is defined as the difference between the valence band and the conduction band.
To determine the optical band gap energy, first, convert the wavelength into photon
energy. Each wavelength has its absorption value, the absorption value is then
multiplied by a predetermined photon energy value. Next, a graph of the relationship
between photon energy (hv) and (cthv) is made. Determination of the optical bandgap
energy can be done using the Taucs' plot method. The Taucs' plot method is a method
of determining the optical gap by extrapolating from the graph of the relationship
between (hv) and (ahv) to intersect the energy axis so that the optical band gap value
is obtained (Effendi, 2012).

Where a is the absorption coefficient, hv is the energy of the incident photon, A
is the electronic transition constant, n is the type of electronic transition, and Eopt is
the optical band gap. The value of n is equal to for a direct transition, while for an
indirect transition, the value of n is equal to 2. Therefore, the optical band gap energy
can be determined by referring to equation (3) and we get equation. Based on equation
(2), the graph made for the determination of the optical band gap energy using the
Taucs' plot method is a graph of the relationship between (hv) and (ahv)?/2. The optical
band gap energy value is the correspondence between the linear extrapolation region
with (ahv) = 0.

3. Result and Discussion

The optical properties of CDs based on experimental observations of UV Vis
spectro photometer and fluorescence can be seen in table 1. The results of the
measurement of the optical properties of CDs in colloidal form can absorb the UV
spectrum at peak wavelengths of 305 nm, 322 nm, and 333 nm, while the peak
wavelengths of fluorescence produced are 495 nm, 500 nm and 503 nm at different
laser ablation durations.

The comparison between these energies affects the passivation of CDs on the
surface to produce a higher photoluminescence intensity (Thongpool et al., 2012). It
can be seen in figure 3 that the blue glow of CDs 1, 2, and 3 hours is visible.
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Table 1. Measurement of optical properties of CDs
Peak Wavelength (nm), A
1hour 2hour 3hour
1 Absorbance 305 322 333

2 Flourescence 495 500 503

No Optical Properties

2 hour 1 hour

Figure 3. Blue light luminescence CDs (1, 2, and 3) hours.

Based on research conducted by Sun et al., (2006) that the luminescence events
that occur undergo passivation on the surface caused by the presence of surface
energy traps that cause emission stability. The three wavelength peaks of CDs show
that the edge of the absorption band shifts to the longer wavelength region so that
electrons are excited from the valence energy to the conduction spectrum. Similar
studies conducted by several researchers described the results of shifting peak
wavelengths based on differences in laser ablation time of material samples
(Ajimsha et al., 2008).

The absorption region of image 4 (a) in the ultraviolet shifts its wavelength
peak with each increase in laser ablation time and results in changes in energy of
4.05 eV (1 hour), 3.84 eV (2 hours) and 3.71 eV (3 hours) seen in figure 4 (b). This
difference indicates that there are optical absorption at ultraviolet wavelengths so
that the three-wavelength peaks indicate an electronic transition from m — n* as
well as conjugation in the CDs structure (Qu et al., 2012). This also shows the
stability of the particle before falling from a higher energy level so that the
difference in the absorption area indicates the presence of different molecular
groups. Molecules will be excited from the HOMO (Highest Occupied Molecular
Orbital) state to the LUMO (Lowest Unoccupied Moleculer Orbital) state when
interacting with photons.

Based on figure 5 (a) the fluorescence intensity changes due to the different
duration of laser ablation so that nergy changes are 2.51 eV (1 hour), 2.47 eV (2
hours) and 2.46 eV (3 hours). It has been described that the emission produced by
photoluminescence of nanoparticles from a passivated surface is caused by
recombination of electron-hole pair radiation (Wilson et al., 1993).
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Figure 4. (a) The correlation curve of fluorescence intensity to wavelength and
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wavelength and peak energy.

The morphology of CDs was characterized by using Transmission Electron
Microscopy (TEM). Observations were made at a magnification scale of 500 nm and
50 nm. Based on the observations on this scale, the CDs images are obtained in an
inhomogeneous form as shown in Figures 6 (a) and (b).
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Figure 5. (a) The curve of the relationship between the absorbance intensity and
the wavelength and (b) The curve of the relationship between the laser
ablation time and the peak wavelength and energy.
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Figure 6. () )

The TEM characterization for CDs distributes an average diameter of less than
50 nm and shows a small spherical structure that can only be seen using the
magnification scale of the TEM tool. Measurements on a 50 nm scale show CDs with

an average diameter of (40-50) nm

This site is an analysis based on data processing for one object position at a
magnification scale of 50 nm using Image] software (https://imagej.nih.gov/ij/)
through the Thresholding process and outline drawing figure 7 (a). The most
dominant sample distribution is 40 nm at the highest frequency percentage figure 7
(b). The same study using laser radiation pulse wavelengths of 1064 nm and 335 nm
showed a very small diameter (0.299 nm) using HR-TEM (Vinod et al., 2014). Based
on these results, CDs are spherical and evenly distributed particles with a diameter

of 2-7 nm (Prasannan et al., 2013).
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Figure 8. The plot of absorbance photon energy (hv) against (ahv)? (a) direct
transition and (b) indirect transition.

The bandgap energy value (Eg) of CDs is highly dependent on the type of
electronic transition. Figure 8 (a) and (b) are two different types of transition where
(n=2) for the direct transition type and (n=1/2) for the indirect transition type (Tauc.
1972). The bandgap energy (Eg) is determined based on the intersection of the linear
section curve with the energy axis (hv). The Eg values for each direct transition
sample are shown in Figure 8 (a) which are 3.40 eV, 3.15 eV and 2.85 eV. Meanwhile,
the indirect transitions are 2.85 eV, 2.31 eV and 1.70 eV (figure (b).

The Tauc Plot method is to draw extrapolations on the linear region of the
relationship curve (hv) as the abscissa and (a/v) as the ordinate until it intersects the
energy axis. Figure 8 (a and b) shows the relationship between the energy gap (hv)
to the coefficient absorbed by the photon (akv) as an ordinate to intersect the energy
axis so that the energy gap value is obtained. The independent variable is
represented by the X-axis while the Y-axis represents the dependent variable.

The energy gap values for all samples can be seen in Table 2. The Eg value is
not much different from previous studies using laser ablation methods, namely 2.4
eV, 2.5 eV and 2.6 eV (Anikin et al., 2002). The result of the plot in Figure 8 is a
function (ahv)2 which was developed using the Tauc's Plot method intersecting the
hv axis on Eg. Based on these results, changes in the time of laser ablation on the
synthesis and fabrication of CDs cause changes in bandgap energy (Eg).

Table 2. Value of energy gap CDs

Energi Gap (eV)
Time (hour) 5

Indirect Transition Direct Transition

1 3.40 2.58
3.15 231
3 2.85 1.70
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When CDs absorb laser ablation energy longer, the Eg value gets smaller. This
is caused by the change in the quantum value of the confinement which causes an
increase in the kinetic energy of the illuminated quantum field so that Eg changes
with changes in the particle size and absorption wavelength. The coefficient region
(@) in the ultraviolet range shifted with each increase in laser ablation time of 312
nm (1 hour), 331 nm (2 hours) and 341 nm (3 hours). The difference in these values
indicates the presence of optical absorption at ultraviolet wavelengths. The edge of
the absorption band shifts to a region of greater wavelength or lower frequency so
that the resulting Eg will be smaller.

4. Conclusion

Changes in bandgap energy (Eg) occur due to differences in the duration of
laser ablation. The increase in ablation duration also causes a change in the
wavelength of the ultraviolet absorption so that the energy gap (Eg) produced is
getting smaller. The fluorescence emission and absorption shift to a larger
wavelength due to the electronic transition. Changes in ablation time also indicate
the value of Eg based on the type of transition, namely direct and indirect transitions.
The particle size of CDs was normally distributed in an inhomogeneous form and
morphologically in the form of small balls seen in the Transmition Electron
Microscope measurements.
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