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ABSTRACT

Water hyacinth is a severe issue, resulting in river blocking in high flood risk areas like Pathum
Thani province, Thailand. To reduce the amount of invasive water hyacinths, their stalks were used
as carbon precursors for carbon dots (CDs) by one-pot gamma irradiation, which is a promising
method for high-quality and large-scale production. Furthermore, this method was compared with
the conventional hydrothermal method. This finding proved that the optical properties of as-prepared
CDs from both methods were no significant differences. The CD solution had a pale yellow color and
exhibited tuneable fluorescence emission. They are strongly absorbed in the UV region of 250-300
nm. An effect of ethanol pretreatment was also studied. It was found that the ethanol pretreatment
has no substantial effect on the photophysical and chemical properties of as-prepared CDs, whereas
it was crucially affected by the pH stability of CDs. The maximum fluorescence emission of CDs with
(ECD-G) and without (CD-G) ethanol pretreatment were 443 nm (~2.5% of quantum yields) and
440 nm (~2.0% of quantum yields) with the excitation at 360 nm, respectively. The carboxyl groups
were the primary functional group of CD-G and ECD-G, confirmed by the FTIR spectroscopy.

Keywords: Radiation processing, Carbon dots, Water hyacinth, Hydrothermal.

INTRODUCTION

Water hyacinth (Eichornia crassipes) is
classified as abundant aquatic wastes leading to
oxygen depletion and water flow reduction. Thick
mats of water hyacinth seriously hindered the water
flow; thus, its mechanical harvesting is required to
control the amount of water hyacinth. Nonetheless,
water hyacinth contains rich natural carbon sources:

cellulose (~30%), hemicellulose (~29%), and lignin
(19%) as well as protein, up to 22%." Considering
using water hyacinth for carbon dots synthesis could
be an alternative solution. Carbon dots (CDs) are the
family of carbon-based fluorescence nanoparticles.
The extensive attention of CDs has grown remarkably
since the first was discovered in 2004.2* Their
unique properties: nontoxicity, high quantum yields
(QY) with a tunable band-gap, photo-stability, low
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cost, biocompatibility, and chemical inertness,
have drawn the attention to several applications
such as sensors,*>'" bio-imaging'>'3and light emitting
diode.™'8 Photophysical properties of CDs are district
characteristics originating from the combination of
poly-aromatic hydrocarbon scaffolds and surface
states.''® Carbon nanodots based sensors are
growing interesting because the fluorescence
intensity and the emission shift are crucially sensitive
to the surface environment. Surface functionalization
is essential to control the photophysical properties for
specific analytes.®'%2° For example, hydrogen sulfide
(H,S) can be promptly detected by green emission
of the CDs via a reduction of azide moiety to amine
groups.?' Luminescence quenching mechanisms of
CDs are remarkable useful for sensor applications.?*
2 Luminescence of electron-rich amine group on
CDs is entirely off after the absorption of nitrogen
dioxide gas (NO,)."

Several abundant carbon biomasses
have been reported as carbon precursors for CD
synthesis, such as natural biomasses included rice
husk,?* sugarcane bagasse,? wood charcoal,?
and coffee ground.?” However, cellulose and
lignin are water-insoluble due to the rigid natural
structures. The combination of strong acid and high
temperature is required for breaking bundles of
lignocellulose to the small polysaccharide.? According
to previous studies, lignocellulose biomass was
successfully used for CD fabrication by pyrolysis?®
and carbonization.®® Recently, a few developments
of CDs from water hyacinth were synthesized as
the fluorescent sensors. In 2019, Prathumsuwan
et al., reported the CD based fluorescent sensor for
borax detection from water hyacinth leave via acid-
treated pyrolysis.®' Deka et al., also synthesized
the CDs from water hyacinth by carbonization
with phosphoric acid pretreatment.® Nevertheless,
the drawbacks of conventional methods are the
toxic chemical usages and multistep synthesis.
Therefore, green synthesis or non-chemical treatment
of water hyacinth is incredibly beneficial and
challenging. Radiation processing is straightforward,
cost-effective, and environmentally friendly. Water
radiolysis creates reactive radicals (e-, HOe, He, H,,
and H,0,), causing degradation, polymerization,
or/and crosslinking during irradiation, depending on the
energy and the dose of the ionizing radiation.®?%*

In this study, the one-pot gamma irradiation
synthesis was used to fabricate the carbon dots
from water hyacinth collected from Pathum Thani
province. No toxic chemical and high temperature
are used in the fabrication process. The chemical,
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physical and optical properties of as-prepared
CDs were investigated compared with the CDs
synthesized by the hydrothermal method. An effect
of ethanol pretreatment was also investigated.

MATERIALS AND METHODS

Materials and Instrumentations

Water hyacinth stalks were collected from
a pond in Rajamangala University of Technology
Thanyaburi, Pathum Thani. All chemical reagents were
used as an analytical grade without further purification.
Ethanol was purchased from RCI-Lab Scan. Quinine
hemisulfate was acquired from Sigma-Aldrich. The
0.2-micron filter was purchased from Chromplus.
A dialysis bag (1,000 Da) was purchased from
CelluSep H1, Membrane filtration productions, Inc.

UV-Vis absorption spectra were performed
ona Perkin EImer Lambda 35 UV/Visible spectrometer.
Fluorescence emission spectra were carried out on
Hitachi F-4600 fluorescence spectrophotometer.
Fourier-transformed infrared spectroscopy (FTIR)
spectra were measured on Thermoscientific Nicolet
is5/iD7 ATR in the range of 4,000-500 cm-'.

Synthesis of CDs

The water hyacinth stems were washed
with water and dried under sunlight for 72 hours
followed by drying in the oven at 80°C for 24 hours.
They were ground by electric motor and mortar
to provide a green powder (Virgin powder). The
chlorophyll effect was investigated by the removal of
chlorophyll from the pretreatment of stalk powders
by soaking in ethanol for 72 hours and dried in the
oven at 80°C for 24 hours. After that, the 50 mg of
virgin powders and pre-treated powders were mixed
with deionized water (25 mL) in the vial and irradiated
by gamma rays (Co-60 source) at the dosage of 80
kGy (30, 366 Ci) at the ambient condition, named the
sample as CD-G and ECD-G, respectively. The as-
received yellow solution was filtered by the Buchner
funnel and 0.2-micron membrane filter, followed by
dialyzed in deionized water by a dialysis bag (1,000
MWCO) for 48 hours. After that, the resulting solution
was centrifuged at 10,000 rpm for 30 min to separate
the agglomerated particles. Finally, CDs as a yellow
solid was freeze-dried for further analysis.

Furthermore, the comparison between
the novel one-pot gamma irradiation and the
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conventional hydrothermal method were studied. The
20 mg of virgin powders and pre-treated powders
were mixed with deionized water (15 mL), followed
by heating at 180°C for 3 hours. The samples are
named as CD-H and ECD-H, respectively.

Quantum yield measurement

For the standard reference, the absorbance
of quinine hemisulfate in 0.1 M H,SO, was performed
less than 0.1 to prevent the self-quenching effect.
The following equation determined the quantum
yields of the CDs:

Ix AS’T Hi
Y, = Yor ———
Q ks Q STIST AX H§T

Where “QY” was the fluorescence quantum
yield, “A” was the absorbance, “I” was the integrated
fluorescence emission intensity, and “h” was the
refractive index. The subscript “x” refers to the
sample, and “ST” refers to the standard.

RESULTS AND DISCUSSION

Optical properties

The UV-Vis absorption and fluorescence
spectra of the CDs solution synthesized by
hydrothermal and gamma irradiation were elucidated
in deionized water. All sample solution appeared a
pale-yellow. Fig. 1 represents the UV-Vis absorption
spectra of as-prepared CDs, that strongly absorbed
in the UV region. For the gamma irradiation method,
the intense absorption peaks showed in the range
of 250-400 nm, corresponding to t—»r* transition of
sp? carbon and n—* transition of C=0 existed. On
the other hand, the hydrothermal synthesis (CD-H
and ECD-H), the absorption peak shifted to lower
wavelengths. Notably, an effect of chlorophyll can be
seen in that higher UV adsorption intensities were
observed in the CDs prepared from the powders with
EtOH pretreatment rather than the virgin powders.
The strong absorption in the UV region indicates the
characteristic properties of carbon dots.35%

Absorbance (a.u.)

200 250 300 350 400 450 500 550 600
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Fig. 1. UV-Vis absorption spectra of CDs synthesized by gamma
irradiation (CD-G and ECD-G) and by hydrothermal method
(CD-H and ECD-H). Note that CD and ECD were prepared from
the pre-treated powders without and with EtOH, respectively

UV-Vis and fluorescence spectra are
generally employed to prove the optical properties
of prepared-carbon dots.2*183%3 As shown in Fig.
2, the CDs solution was excited with the increasing
wavelength from 300 to 420 nm, the emission
intensity exhibited red shifts with decreasing
intensity, suggesting that the carbon dots had tunable
fluorescence emission properties. Therefore, it
could be confirmed that ECD-G, ECD-H, CD-G, and
CD-H are carbon dots based on their unique optical
properties, corresponding to the previous literature.? In
this work, the emission of as-prepared CDs strongly
depends on the excitation wavelengths. For the gamma
irradiation, no significant differences in emission
wavelength regarding the same excitation were
observed in ECD-G (Fig. 2a) and CD-G (Fig. 2b). With
EtOH pretreatment (ECD-G), the maximal emission
displayed at 443 nm, while without pretreatment
(CD-G), the maximum wavelength displayed at 440
nm at an excitation wavelength of 360 nm. However,
their fluorescence intensities were slightly different,
which would be an effect of Chlorophyll in CD-G. It is
seen that both ECD-G and CD-G exhibited red shift
as excited from 320 nm to 500 nm.

For the hydrothermal method, the maximal
emission intensities of ECD-H (Fig. 2c) and CD-H
(Fig. 2d) showed at 403 nm and 398 nm (A, =
360), respectively. Similar to gamma irradiation, the
pretreatment with EtOH enhanced the maximum
fluorescence intensity compared with the CDs
synthesized from the virgin powder. The fluorescence
emission wavelength was also dependent on the
excitation wavelength, corresponding to the CDs
prepared by the gamma irradiation. These results
indicated that the fluorescence behavior of carbon
dots synthesized by gamma irradiation had similar
properties as the hydrothermal method. According
to the optical properties, since the gamma irradiation
is a promising method for the synthesis of CDs with
several advantages; the reaction occurs without
catalysts, organic solvents, and toxic chemicals at
ambient temperature, only the CDs prepared by the
gamma irradiation was further studied. However,
complex radiation chemistry involved in CD synthesis
would be suggested to study further to get the
optimal irradiation condition.
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Fig. 2. Excitation-dependent fluorescence emission spectra of the as-synthesized CDs by gamma irradiation; (a) ECD-G, (with
EtOH pre-treatment) and (b) CD-G (without EtOH pre-treatment) as well as by hydrothermal method (c) ECD-H (with EtOH pre-
treatment) and (d) CD-H (without EtOH pre-treatment). Note that i = 320, 340, 360, 380, 400, 420, 440, 460, 480 and 500 nm

Moreover, the quantum yield of CDs based
on gamma radiation was determined in deionized
water using quinine hemisulfate salt monohydrate
as a standard reference (® = 0.54). The quantum
yields of CD-G and ECD-G were 2.5 + 0.2% and
2.0 + 0.1%, respectively.

Chemical properties of CDs

The functional groups on the surface of CDs
synthesized by gamma irradiation were determined
by FTIR. As shown in Fig. 3, the IR peaks appeared
at 3292 cm, 1405 cm™, and 1573 cm™ are assigned
to O-H stretching, O-H bending and C=0 stretching
vibration, respectively. CD-G and ECD-G exhibited
an intense peak at 1579 cm, corresponding to
C=0 stretching vibration conjugated with the C=C
bond. The C-H stretching vibration of ECD-H also
appeared at 2924 cm'. These results indicated that
the carboxylic acid conjugated with sp? hybridization
of the C=C bond was the functional group on their
surfaces. Notably, CDs’ functional group is different
from the lignocellulose, suggesting that the core
structures and chemical properties change during
the gamma irradiation.®®

pH stability of CDs
The pH stability test of CDs synthesized by

gamma irradiation was studied in the pH range of
1-13. Their emission intensities changed according
to pH, as shown in Fig. 4. The fluorescence
intensities of ECD-G gradually dropped regarding
an increase in pH. In contrast, for CD-G, over
the pH range of 1-3, the fluorescence intensities
reached maximal and dramatically dropped over
the pH range of 4-13. It can be explained from
the fact that the aggregation of CDs without EtOH
pretreatment, as mention in the particle size
analysis was higher than of with EtOH pretreatment.
It had been reported that the fluorescence of
carbon dots strongly depends on their size.'®
It could be the reason that ECD-G and CD-G
responded to pH differently. This pH stability also
differs from the previous report of CDs derived
from water hyacinth by pyrolysis at 250°C in that
the fluorescence intensity increase as a function of
pH.3" It would suggest that the preparation method
also affects the CDs’ optical properties despite
using the same carbon precursor. In addition,
chlorophyll is confirmed that plays a crucial role
in photoluminescence quenching mechanisms
of QDs. Therefore, to get high-quality CDs from
water hyacinth stalks, chlorophyll is needed to be
extracted as much as possible.
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Fig. 3. FT-IR spectra of CDs were synthesized by gamma
irradiation: ECD-G and CD-G

From this finding, one-pot gamma irradiation
is a comparable method with the hydrothermal
method. This method is considered as a high
potential to use in the CD large-scale production.
However, suitable irradiation conditions are needed
to be optimized along with the radiation chemistry of
CDs formation for future works. Interestingly, surface
passivation and modification of CDs synthesized
from gamma irradiation would be easy due to their
carboxyl group on their surface. Therefore, they
can potentially use in bio- and chemical- sensor
applications by surface modification.
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Fig. 4. The pH-dependent fluorescence emission spectra
of the CD solution (0.1 mg/mL) synthesized by gamma

irradiation (a) ECD-G and (b) CD-G (i, = 360 nm)

CONCLUSION

We successfully synthesized carbon dots
from water hyacinth stems by gamma irradiation.
The carbon dot had the carboxylic acid as the
functional group on the surface, confirmed by FTIR.
The optical properties of the carbon dot were studied
by using UV-Vis absorption and fluorescence
spectroscopic properties. The carbon dot maximum
absorbed in the UV region and emitted in the
visible region. The tunable fluorescence emission
of carbon dot exhibited by excitation at a different
wavelength. The quantum yield of carbon dot was
found to be 2.5 + 0.2% compared to that of with
pretreatment of ethanol at 2.0 + 0.1%, suggesting
that chlorophyll may affect the fluorescence
emission. In addition, pH conditions influenced to
the fluorescence intensity of carbon dot. The carbon
dot synthesized from gamma radiation has similar
optical properties as the hydrothermal method
based on the spectroscopic results.
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