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Irradiation-Assisted Hydrothermal Conversion of Water Hyacinth
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ABSTRACT: Electron beam irradiation (EBI) (100—400 kGy) was utilised to pretreat
water hyacinth (WH). Scanning electron microscopy (SEM), X-ray photoelectron
spectroscopy (XPS), fourier transform infrared (FTIR), UV-vis absorption and fluorescence
spectroscopy were used to examine the effects of EBI and hydrothermal temperatures on
the physical, chemical and optical characteristics of carbon dots (CDs). The combination
of 400 kGy-pretreatment and 250°C-hydrothermal treatment as the optimal condition for
CDs synthesis provided the highest quantum yield (QY) of 14.5% and the product yield of
7.5%. Using dynamic light scattering (DLS), the CDs showed an average size of around
180 nm, and the zeta potential analysis revealed the overall negative charge on the CDs’
surface. In comparison, the CDs synthesised via hydrothermal conversion at 250°C
without EBI showed a QY of only 4.0% and a product yield of 3.8%, significantly lower
than the condition with 400 kGy-pretreatment. The improved optical characteristics of the
CDs could result from the high nitrogen contents of WH biomass, oxygen-rich surfaces
from EBI pretreatment at 400 kGy and the aromatic skeleton of the CD:s.
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1. INTRODUCTION

Water hyacinth (WH) (Eichornia crassipes) grows rapidly, leading to obstruction
of water flow and insufficient oxygen dissolution in rivers and canals.'*
However, WH contains rich natural carbon sources, including cellulose (~30%),
hemicellulose (~29%), lignin (19%) and protein, up to 22%."* Lignocellulose
biomass (LCB) is composed primarily of lignin, cellulose and hemicellulose,
with trace amounts of acetyl groups and minerals. Moreover, WH contains
natural nitrogen and other elements, depending on its origin. It has a rigid
structure due to extensive intramolecular and intermolecular hydrogen bonding.’
The complex network of hemicellulose, lignin and cellulose provides a rigid-
plant cell wall by linking cellulose fibers into microfibrils and cross-linking
with lignin, and the complexity of the network also depends on plant species,
tissues and maturity.® LCB can be refined into valuable resources, such as
biofuel, chemicals, polymers, biochar, activated carbon and carbon dots (CDs).
However, the natural complex and rigid lignocellulose structure, which includes
high cellulose crystallinity, cellulose degree of polymerisation and lignin
contents, can make the deconstruction processes cumbersome.” Therefore,
the pretreatment of LCB is needed to disrupt the recalcitrant structure for
hydrolysis processes.

In general, several pretreatment methods, such as mechanical, chemical,
physicochemical and biological methods, are employed to improve accessibility
and biodegradability for enzymatic or chemical actions.” For the mechanical
method, Yoo et al. subjected the soybean hulls to extrusion pretreatment
for an enhanced generation of fermentable sugars with a high glucose yield of
95% with screw speed, barrel temperature and in-barrel moisture content of 350
rpm, 80°C and 40%, respectively.® Moreover, acid-based pretreatments, including
hydrochloric acid (HCI) and sulfuric acid (H,SO,), were used for hemicellulose
dissolution. For example, Liu et al. demonstrated a two-stage process, which was
the diluted acid pretreatment (0.7 wt% diluted HCI, 120°C for 40 min) followed
by the wet milling (for 15 min) of corn stover. This resulted in high sugar recovery
(81% xylose, 64% glucose) even at a very low cellulase enzyme dosage of 3 FPU/g
of the substrate.” However, the main disadvantage of acid-based pretreatments
is corrosive, necessitating the use of costly non-metallic reactors and raising the
overall cost. In addition, process complexity is due to acid toxicity, the need
for neutralisation and wastewater treatment. Alkaline-based pretreatments can
also be used for disrupting the lignin structure and breaking the bonds (ester,
aryl-ether, C-C bond) associated with lignin and carbohydrate polymers.’
However, the alkaline-based pretreatments using sodium hydroxide (NaOH),
potassium hydroxide (KOH), calcium hydroxide [Ca(OH),] and ammonium
hydroxide (NH,OH) can cause cellulose swelling and debonding between lignin
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and cellulose. Thermal-assisted mild NaOH 2% (w/w) treatment of rice husk
showed highly efficient lignin removal of 54% (w/w) and increased cellulose
concentration as high as 51.65% (w/w).!° Oxidative treatments such as hydrogen
peroxide can detach lignin from lignocellulose biomass. The combination of H,O,
and alkali [NaOH and sodium hypochlorite (NaClO)] improved the ethanol yield
of Barley straw by 79.3%—-84.6%."' However, anaerobic digestion can be inhibited
by hydrogen peroxide (H,0,) concentrations above 4%.!" These pretreatment
methods required toxic chemicals, organic solvents or high temperatures.

The radiation process is an alternative green technique for the pretreatment method.
Both gamma and electron beam irradiation can produce free radicals, which could
degrade polysaccharide chains and cell wall deconstruction via glycosidic bond
scission.'>!* The major advantage of electron beam irradiation (EBI) and gamma
pretreatments is a clean, efficient and cost-effective techniques because there is no
demand for temperature or pressure adjustments with the additional requirement
of chemicals/solvents.” From the previous studies, gamma irradiation at a high
dose (500 kGy) reduced biomass particle size and glucose yield.'*!* EBI at
0.5 kGy-50 kGy resulted in significant cellulose degradation.’

LCB is a promising carbon source for the synthesis of CDs.'>?° CDs stand out as
a new material that combines the exceptional properties of graphene and CDs,
such as excellent electrical conductivity, enlarged surface area, high solubility
in a range of solvents, strong luminescence, high mobility, decreased chemical
impedance and tunable bandgap.'>'? CDs can be classified into graphene quantum
dots (GQDs), carbon nanodots (CNDs) and polymer dots (PDs). CDs are promising
for their applications in fluorescence sensors, bioimaging, photovoltaic devices,
light-emitting diodes, solar cells, fuel cells, batteries and supercapacitors, 3192122
The synthesis of CDs can be conducted from LCB via several techniques, such as
hydrothermal, electrochemical, microwave, electron beam lithography or thermal
treatments.” Through molecular oxidation with strong acids [H,SO, and nitric acid
(HNO,)], Yang et al. reported the large-scale production of GQD [6% quantum
yield (QY)] from Chinese ink with a high product yield (80%).>* Suryawanshi et
al. synthesised GQDs (1% QY) by refluxing the turbostratic carbon mixed with
H,SO, and HNO, at 90°C for 5 h.? The hydrothermal method is another technique
for GQDs fabrication. Pan et al. cut the graphene sheet into GQDs (6.9% QY) via
hydrothermal treatment at 200°C for 10 h (5% product yield).?* Atchudan et al.
synthesised nitrogen-doped CDs from Chionanthus retusus fruit extract using a
simple hydrothermal-carbonisation method.?” Nitrogen passivation can enhance
the fluorescence emission of the CDs by inducing an upward shift in the fermi level
and electrons in the conduction band.?®*?° Nitrogen-doped CDs from Poa Pratensis
were prepared by a one-step hydrothermal treatment with a QY of 7%.% They
also developed nitrogen-doped CDs from Phyllanthus acidus fruit juice by the
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hydrothermal method in aqueous ammonia with a QY of 14%.3! The hydrophilic
nitrogen-doped CDs were prepared from the dwarf banana peel by a hydrothermal
method with a good QY (23%) for multicolor bioimaging and fluorescent ink.*
Nitrogen-doped GQDs from Neem leaf extracts were synthesised by combining
pyrolysis and hydrothermal treatment with a 25% production yield and 46% QY .*

In this study, facile and green electron beam irradiation (EBI)-assisted
hydrothermal conversion was used to synthesise the CDs from WH. The WH
is suitable for CDs production in terms of its high natural carbon and nitrogen
contents as well as being environmental friendliness. The effects of EBI dose and
hydrothermal temperatures on the physiochemical and optical properties of CDs
were investigated. Our synthesis approaches are practical and can provide high
product yield and QY with the aim of less toxic chemicals and waste compared to
the previous reports. Additionally, the potential for large production of the CDs
can be achieved by combining hydrothermal and irradiation processes.

2. EXPERIMENTAL AND METHODS

2.1 Materials and Instrumentation

Quinine hemisulfate monohydrate was purchased from Sigma-Aldrich
(St. Louis, USA). The 0.2 um-Nylon syringe filter was purchased from Filtep-Bio
(Nantong, China). A dialysis bag (1,000 Da) was purchased from CelluSep H1.
Membrane filtration productions, Inc (Texas, USA). Deionised water was used in
all experiments. EBI was performed on an electron beam accelerator, MB 20-16
Mevex (Canada). The zeta potentials and hydrodynamic diameter were obtained
on a Malvern Panalytical Zetasizer Ultra (United Kingdom). Fourier-transformed
infrared spectroscopy (FTIR) spectra were measured on Thermo Scientific
Nicolet is5/iD7 ATR (MA, USA). UV-Vis absorption spectra were explored on a
Perkin Elmer Lambda 35 UV/Visible spectrometer (USA). Fluorescence emission
spectra were collected on Hitachi F-4600 fluorescence spectrophotometer (Japan).
The X-ray photoelectron spectrum (XPS) was collected on the Kratos AXIS Ultra
DLD (Shimadzu, Japan).

2.2 Synthesis of CDs

WH leaves were collected from Pathum Thani Province, Thailand. The leaves
were dried in a hot-air oven at 80°C for 3 days, followed by blending to obtain
the green powder. The obtained powder was irradiated with different doses of
the electron beam in the range of 100 kGy—400 kGy. The EBI powder (1.0 g)
dissolved in deionised water (60 ml) was sonicated for 30 min. The mixture was
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transferred to a hydrothermal teflon reactor (150 ml) and then heated at 150°C,
200°C or 250°C for 3 h. The resulting mixture was filtered through filter paper
(No. 1) and 0.2 um-nylon syringe filter, respectively. The filtered solution was
dialysed in deionised water through a dialysis membrane (1,000 Da) for 2 days
and then freeze-dried to obtain the brown solid for further analysis.

2.3  Fluorescence QY

The QY (®) of CDs was investigated in deionised water, while quinine sulfate
monohydrate in 0.1 M H,SO, was used as a standard reference.** The QY was
determined according to the following Equation 1:

Slope. 7
SlOpesr 77st (1)

D, =Py

The subscripts ST and X represent the standard reference and the sample tested,
respectively. Slope denotes the slope from the linear plot of the integrated
fluorescence intensity and absorbance and # denotes the refractive index of the
solvent.

3. RESULTS AND DISCUSSION

3.1 WH Biomass Characterisation after EBI Pretreatment

The bright green colour in WH biomass resulted from chlorophyll content and
changed significantly to faded green after the EBI pretreatment, as shown in
Figure 1. The nitrogen and carbon compositions of WH powder were also elucidated
by CNH analysis, as presented in Table 1. The nitrogen content of WH biomass
was 4.25% without pretreatment and reduced to approximately 2.05%-2.73%
after the EBI dose of 100 kGy—300 kGy. The nitrogen contents of WH biomass
also decreased according to the increasing EBI dose, which is the same trend as
the colour fading. Notably, the nitrogen content was determined to be 3.48% after
the EBI pretreatment at 400 kGy, indicating that the EBI pretreatment caused a
degradation of chlorophyll and a reduction of nitrogen content.

(b) (c) (d) (e)
100 KGy g 200 key 300 KGy 400 KGy

Figure 1: Optical images of WH biomass powder after EBI pretreatment at (a) 0 kGy,
(b) 100 kGy, (c) 200 kGy, (d) 300 kGy and (e) 400 kGy.
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Table 1: The nitrogen and carbon compositions in
WH powder after EBI pretreatment.

Electron beam doses (kGy) % N % C
0 425 41.68
100 2.73 49.47
200 2.85 40.22
300 2.05 39.74
400 3.48 39.88

The effect of hydrothermal temperatures on the WH biomass morphology was
also investigated by SEM, as presented in Figure 2. The plant cell wall structure
was clearly observed after hydrothermal treatment at 150°C but was degraded at
200°C and 250°C. The fiber-like structure was found in the WH biomass treated
with hydrothermal at 250°C, which possibly originated from the degradation of
the lignocellulose structure. The hydrogen bonds were cleaved at 200°C, and the
sphere structures of hydrochar were formed at 250°C since hydrochar consisted of
a hydrophobic aromatic nucleus with a hydrophilic shell.> The rigid lignocellulose
structure associated with hydrogen bonds between cellulose and hemicellulose, as
well as covalent bonds with lignin, was destroyed during hydrothermal processes,
leading to oligosaccharide or glucose formation.'? Further hydrolysis, cross-
linking and condensation could occur at the core of the carbonaceous material of
hydrochar.®

Figure 2: SEM images of (a) WH biomass powder after hydrothermal at (b) 150°C,
() 200°C and (d) 250°C.

3.2  Characterisation of As-synthesised CDs

The effects of EBI pretreatment dosage and hydrothermal temperatures on the
yield of CDs are shown in Table 2. For unirradiated WH (0 kGy), there was no
difference in the CDs yields according to hydrothermal temperatures, whereas a
significant difference was observed for CDs after the EBI pretreatment. At the
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EBI dose of 100 kGy, the percentage yield of CDs was 13.8%, 22.0% and 10.0%
at the hydrothermal temperatures of 150°C, 200°C and 250°C, respectively.
Furthermore, the percentage yield of CDs synthesised via the hydrothermal
method at 150°C increased from 3.8% (0 kGy) to 20.0% (400 kGy) and slightly
fluctuated according to EBI pretreatment, suggesting that EBI can assist the
hydrothermal conversion of LCB to CDs. For the optical properties, the QY
of CDs was also investigated in deionised water, as presented in Table 2. The
QY of CDs from WH with and without EBI pretreatment via hydrothermal at
150°C and 200°C was no different. However, the QY via hydrothermal at 250°C
increased according to EBI doses. The maximal QY of CDs prepared from an EBI
dose of 400 kGy and hydrothermal at 250°C was found to be 14.5%, suggesting
that EBI pretreatment improves the optical properties of CDs. In addition, the
hydrothermal temperature of 250°C was reported that cellulose and hemicellulose
were hydrolysed to oligomers and glucose, which eased further polymerisation
into CDs. Therefore, the combination of 400 kGy-EBI pretreatment and
250°C-hydrothermal provided the highest %QY and %yield of the CDs.

Table 2: Product yield (% yield) and % QY of CDs derived from WH biomass.

Hydrothermal temperature
150°C 200°C 250°C

Electron beam dose

(kGy)
% yield % QY % yield % QY % yield % QY
0 3.8 1.0 4.0 0.9 3.8 4.0
100 13.8 1.1 22.0 1.3 10.0 2.8
200 17.5 0.8 10.0 1.4 2.5 3.7
300 13.8 0.9 22.5 1.0 9.2 4.4
400 20.0 1.0 13.0 1.1 7.5 14.7

The hydrodynamic diameter and zeta potential of CDs (1.0 mg/ml) in deionised
water were studied by the dynamic light scattering (DLS) method, as shown in
Figure 3. All synthesised CDs exhibited negative zeta potentials in the range of
—20.0 mV to —12.5 mV. Without EBI pretreatment, the hydrodynamic diameter
of CDs increased according to hydrothermal temperatures. A similar trend was
observed in the CDs with EBI pretreatment at 100 kGy. These results agree with
the previous reports, where the particle sizes of lignocellulose-based CDs increased
with increasing hydrothermal temperatures and the time used for the synthesis.*
For EBI pretreatment at 300 kGy—400 kGy, the hydrodynamic diameter of CDs
decreased significantly at the hydrothermal temperature of 250°C.
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Figure 3: (a) Zeta potentials and (b) average sizes of CDs from WH via
hydrothermal at 150°C-250°C with and without EBI pretreatment
(100 kGy—400 kGy).

The effect of hydrothermal temperatures on the chemical properties of as-
synthesised CDs without EBI pretreatment was investigated, as shown in
Figure 4(a). The O-H stretching intensities (3,288 cm ') decreased at hydrothermal
temperatures of 200°C and 250°C. The C-O stretching of alcohol at 1,050 cm™
also decreased significantly at 200°C and 250°C. The C-H stretching of all
CDs showed at 2,975 cm™'. However, the peak at 1,767 cm™' (C=O stretching
of carboxylic acid) disappeared at 200°C and 250°C. For the C=C stretching,
the peak at 1,650 cm™' decreases significantly at 200°C. Notably, the peaks at
1,684 cm™' and 1,598 cm™ were found at 250°C, attributed to the C=0 stretching
of aldehydes and the C=C stretching of aromatic compounds, respectively. During
hydrothermal processes, lignocellulose was depolymerised to produce monomers
from decomposition reactions such as cleavage, dehydration and decarboxylation.*’
A high range of ionisation constants indicates that a large amount of H" and OH"
ions activated the hydrolysis process of lignocellulose and functional groups such
as OH and COOH, which were cleaved to become small molecules and miscible
with water.!” Sugar units such as glucose derived from lignocellulose breakdown
can be converted to 5-hydroxymethylfurfural (HMF) and dehydrated further into
aromatic carbonaceous structures to create the carbon skeletons of CDs."’

The effect of EBI pretreatment on the surface chemistry of CDs via hydrothermal
at 250°C was also investigated, as presented in Figure 4(b). Almost all of the
EBIl-pretreated CDs contained similar functional groups as CDs without EBI
pretreatment. In the EBI pretreatment at 400 kGy, the CDs exhibited a low
intensity of O-H stretching (3,288 cm™) and had a strong peak at 1,150 cm™,
which was attributed to the C-O stretching of ether or ester.
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Figure 4: FTIR spectra of CDs synthesised via (a) hydrothermal method at 150°C, 200°C
and 250°C and (b) hydrothermal method at 250°C with EBI pretreatment at
100 kGy, 200 kGy, 300 kGy and 400 kGy.

The chemical composition was further investigated by the XPS technique,
as shown in Figure 5. The WH-derived CDs via hydrothermal at 250°C with
EBI pretreatment at 400 kGy consisted of Cls (285 eV, 43.20%), Ols (532
eV, 31.03%), N1s (400 eV, 2.25%) and S2p (169 eV, 5.93%), as illustrated in
Figure 5(a). The devolution Cls peak exhibited five components: C-C (284.2 eV),
C=C (285.2 eV), C-0O (286.1 eV), C=0 (287.4 eV) and O-C=0 (289.8 eV). The
N1s devolution peaks comprised pyridine-N (399.7 eV) and pyrrolic-N (401.1 eV).
A small amount of S2p was found, which included SO,* (163.7 eV) and C-SO,
(165.2 V). The Ols devolution peaks corresponded to Cls, which consisted of
C-0(531.5eV),C=0 (532.4 eV), O-H (533.9 ¢V) and H,0O (534.5 eV). Nitrogen

and sulfur are natural minerals found in WH. The XPS results agrees with the
FTIR results.



Irradiation Pretreated-Water Hyacinth to CDs 50

(a) 45000
40000 1 Ols ®) 432
35000 - S 10
n S 1 31.03
;', 30000 E
£ oo ] ]
g N1 § 20
5 15000 o 2 5.03
10000 S 10 1 .j 2.25
5000 S2p ES 0
0 T T i T T S2p Cls Nis Ols
1200 1000 800 600 400 200 0 Peak
Binding Energy (eV)
4500
(C) 1 —Raw data (d) 8000 —Raw data
4000 1 —c=c 7000 { —cC-0
3500 1 —C-C —co
’;.‘ {1 —c-0 56000 1 —oH
23000 1 o 5 —mo
; 2500 ] —o-c=0 55000 71 —Cumulative fit Ols
a 1 —Cumulative fit Cls 24000
£ 2000 7 'z
2 1500 g 3000 1
1000 1 2000 1
500 4 1000 A
0 e I B s s s e [ e e e T o e e e e
294 292 290 288 286 284 282 280 539 537 535 533 531 529 527 525
Binding Energy (eV) Binding Energy (eV)
(e
o ]~ Raw data (f) 600 —Raw data
450 ] =—Pyridinic N 500 .
400 o=—Pyrrolic N 1 — SO0
’; 350 ]—Cumulative fit N1s ~ 400 — c-s0,
< 300 ] ] — Cumulative fit S2p
Z 250 ] 300 1
£ 20 -
=150 4 g 200 A
100 § a
] 100 A
50 4
o'mﬂ'MAﬂlﬂ'“ﬂ. ghas A'N.\(\I\M 0 Do pflanl L Nen An o
408 406 404 402 400 398 396 394 175 173 171 169 167 165
Binding Energy (eV) Binding Energy (eV)

Figure 5: (a) Survey spectrum, (b) graph of % mass concentration and high-resolution
spectraof (¢) Cls, (d) Ols, (e) N1s and (f) S2p of CDs from WH via hydrothermal
at 250°C with EBI at 400 kGy.

Two optical absorption bands at approximately 285 nm and 325 nm were observed,
corresponding to the T — 7* transition of S2p carbons and the n — 7* transition of
C=0 bonds in the structure of the CDs, respectively.*® Figure 6 shows no difference
in the absorption peaks of CDs synthesised at the same hydrothermal temperature
with or without EBI pretreatment. The maximum absorption wavelength of the
CDs synthesised at 250°C with the EBI pretreatment at 400 kGy exhibited a slight
red-shift compared to the other doses tested.
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Figure 6: UV-Vis absorption spectra of CDs from WH via hydrothermal at (a) 150°C,
(b) 200°C and (c) 250°C with EBI pretreatment at 0 kGy, 100 kGy, 200 kGy,
300 kGy and 400 kGy.

The fluorescence emission spectra of CDs were also studied in deionised water at
excitation wavelengths of 240 nm—500 nm, as shown in Figure 7. The fluorescence
emission spectra of all as-synthesised CDs with or without EBI pretreatment
displayed tunable fluorescence emission with different excitation wavelengths.
The fluorescence emission spectra of CDs synthesised at 150°C—-250°C without
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EBI pretreatment showed a blue shift of the maximum emission wavelength (A,,)
from 150°C to 250°C. For EBI pretreatment, A, of the as synthesised-CDs at
150°C exhibited a blue shift when the excitation at the UV region, whereas the
excitation in the visible region showed A, in the range of 551 nm—563 nm. With
the increasing EBI dose, A, in the visible region slightly decreased. Interestingly,
the CDs synthesised at 200°C and 250°C showed an increase A, with the EBI
dose. However, the higher doses of EBI, the lower A, in the UV region and the
greater A, in the visible region.
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Figure 7: Fluorescence emission spectra of CDs synthesised via hydrothermal method at
(a, d, g, j, m) 150°C, (b, e, h, k, n) 200°C and (c, f, i, 1, 0) 250°C with EBI
pretreatment at (d—f) 100 kGy, (g—1) 200 kGy, (j-1) 300 kGy and (m—o0) 400 kGy.
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In addition, the photostability and photobleaching of CDs with the EBI
pretreatment of 400 kGy synthesised via hydrothermal at 250°C were also
studied in deionised water (Figure 8). The CDs exhibited higher than 90% of the
relative fluorescence intensity (F/F) under UV illumination at 365 nm for 60 min,
indicating that the CDs did not show photobleaching. The fluorescence emission
of the CDs also showed no change under visible light at room temperature,
suggesting that the CDs had a high photostability property. Furthermore, the
effects of pH buffer and high salt medium of CDs with the EBI pretreatment of
400 kGy synthesised via hydrothermal at 250°C were investigated for fluorescence
emission. Figure 8(c) shows that the relative fluorescence intensity of CDs
was higher in weak acidic (pH 5) and neutral (pH 7) than in basic conditions
(pH 9-11). The CDs exhibited 97% of the relative fluorescence intensity in the
presence of NaCl (2.0 M), indicating that high salt concentrations did not affect
the fluorescence emission of the CDs. These results indicated that CDs could
potentially be applied in several potential applications, such as bio-imaging or
fluorescence sensors.
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Figure 8: The relative fluorescence intensity of CDs (1.0 mg/ml) with EBI pretreatment
of 400 kGy synthesised via hydrothermal at 250°C (a) under UV irradiation at
365 nm, (b) under visible light at room temperature, (c) in the buffer solution at
different pH and (d) in the presence of NaCl (0 M-2 M).



Irradiation Pretreated-Water Hyacinth to CDs 54

4. CONCLUSION

This research showed that EBI pretreatment at 400 kGy can assist in the
hydrothermal conversion (250°C) of WH biomass to CDs. The method resulted in
a higher product yield (7.5%) and better fluorescence properties (QY of 14.5%).
At hydrothermal temperatures of 150°C and 250°C, the QY of as-synthesised CDs
was only 1.0%—1.5%. The hydrothermal temperatures affected the particle sizes
and surface chemistry of the CDs. The EBI pretreatment induced the degradation
of the lignocellulose structure in WH and facilitated the depolymerisation of
hydrothermal conversion. Furthermore, the CDs with higher doses of EBI
pretreatment displayed a lower emission wavelengthin the UV region and a greater
emission wavelength in the visible region. The as-synthesised CDs exhibited high
photostability and no photobleaching. The effect of the high salt concentration
showed no influence on the fluorescence emission of the CDs.
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