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Abstract

Original scientific paper
The objective of this work was to compare the optical performance of hydrothermally and solvothermal synthesized unique fluorescent
carbon quantum dots (FCQDs) from organic material and use it as a fluorescent ink for one of the significant information encryption
applications. The goji berry and sucrose were used as carbon sources for the experiment. FCQDs are obtained by simple hydrothermal and
solvothermal methods using water, isopropanol and acetone as a solvent. The crystal structure and optical properties of the obtained carbon
dots are investigated. All obtained FCQDs are amorphous phases. The maximum emission of the obtained FCQDs was found at 465 nm
when excited at 386 nm. Among the carbon dot samples synthesized using three different solvents, the sample with the highest PL peak
value was found in the sample synthesized with acetone solvent. The morphology of the carbon dot sample produced with acetone solution
was examined by TEM and the average diameter of the carbon dots was calculated as 7.2 nm. The fluorescent ink potential of the
synthesized FCQDs was compared and the best result found at the carbon dot that was synthesized from solvothermal methods with an
acetone solution.
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SAHTECILIKLE MUCADELE VE SIFRELEME UYGULAMASI iGiN HIDROTERMAL VE
SOLVOTERMAL YONTEM iLE FLUORESAN KARBON KUANTUM NOKTALARININ SENTEZi

Ozet
Orijinal bilimsel makale

Bu ¢aligmanin amaci, organik bir malzemeden hidrotermal ve solvotermal yontemle sentezlenen floresan karbon kuantum noktalarinin
(FCQDs) optik performanslarini karsilagtirmak ve bunlar1 6nemli bilgi sifreleme uygulamalarindan biri igin bir floresan miirekkep olarak
kullanmaktir. Goji berry ve sakkaroz, calismada karbon kaynagi olarak kullanilmistir. FCQD'ler, ¢6ziicii olarak su, izopropanol ve aseton
kullanilarak hidrotermal ve solvotermal yontemlerle elde edildi. Elde edilen karbon noktalarinin kristal yapilar1 ve optiksel 6zellikleri
arastirilmistir. Elde edilen biitiin FCQD'ler amorf fazdadir. FQCD'ler 386 nm'de uyarildiginda maksimum emisyonu 465 nm'de elde
edilmistir. Ug farkli ¢oziicii kullanilarak sentezlenen karbon nokta 6rnekleri arasinda en yiiksek PL pik degeri aseton ¢oziicii ile sentezlenen
ornekte bulunmustur. Aseton soliisyonu ile iiretilen karbon nokta drneginin morfolojisi TEM ile incelenmis ve karbon noktalarin ortalama
¢ap1 7,2 nm olarak hesaplanmistir. Sentezlenmis FCQD'lerin floresan miirekkep olarak kullanilabilme potansiyeli karsilastirilmis ve en iyi
sonug aseton ¢oziiciisiinde solvotermal yontemle sentezlenen karbon noktalari igin bulunmustur.

Anahtar Kelimeler: Karbon noktas:; bilgi sifieleme; Floresans miirekkep, goji beri; XRD.

1 Introduction types of nanostructured materials, carbon based
nanostructured materials have attracted specific interest.

Today, with the growth in scientific studies, there has The newest members of carbon nanostructures are called

been a significant increase in the development of new
materials with superior properties. Among them,
nanostructured materials are known as one of the most
researched and studied groups. Although there are various
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CDs (carbon dots) or CQDs (carbon quantum dots).
Carbon dots were found by chance in 2004 during the
purification of carbon nanotubes and were subsequently
obtained using laser ablation of graphite [1,2]. After this

Received 29 September 2022; Received in revised form 19 January 2023; Accepted 02 March 2023

2587-1943 | © 2023 IJIEA. All rights reserved.

Doi: https://doi.org/10.46460/ijiea. 1182009


https://doi.org/10.46460/ijiea.1182009
https://dergipark.org.tr/ijiea
https://orcid.org/0000-0001-8747-0635
https://orcid.org/0000-0002-2844-2033
https://orcid.org/0000-0002-4523-6573

M. Kavgaci et. al.

discovery, the attractive, impressive, superior and unique
properties of carbon dots were revealed and a new era
began in terms of engineering science [3].

The size of the carbon dots is 10 nm or less. They have
superior fluorescence properties in terms of their
characteristics [4]. Carbon dots have superior
fluorescence and optical properties as well as
biocompatibility. Moreover, they have easy synthesis
routes and pollution free precursors. Carbon dots, which
have been studied by many scientists in recent years, have
been found to have a number of exciting properties [5].
Carbon dots find a place in the theoretical and application
areas in many fields such as science, engineering and
health, thanks to their strength, optical, mechanical and
electrical properties [6-8]. The most important feature of
carbon dots is surface functionality that exhibits strong PL
(photoluminescence), according to their size and
excitation wavelength [6]. In addition to these properties,
it is very valuable for its excellent biocompatibility, water
solubility, low cost, low toxicity, easy synthesis,
photostability and chemical stability. Considering these
advantages, it has applications in many fields, such as
bioimaging, sensor, solar cells, photocatalysis and drug
delivery [9]. Carbon dots can be obtained from many
natural sources such as food, waste and nutrients with the
advantage of low cost [10].

Different organic sources have been used as carbon
precursors for CD synthesis. For example, tangerine
juice/onion Shell [11] turnip juice [12], rosemary leaves
[13], pigeon manure [14], cowberry [15], blueberry [16],
blackberry and raspberry [17]. The most known name of
the goji berry is “wolfberry”. This name is based on the
root "gou" meaning wolf [18]. The name goji is derived
from several local words and was first coined by TBRI
(Tanaduk Botanical Research Institute) researchers in
1973 [19]. Goji Berry, Latin name Lycium barbarum, is a
shrub of the Solanaceae family from Southeast Asia and
grows in China, Tibet and other parts of Asia. Its fruits are

1-2 cm long. It is bright red in color and elliptical in shape
[20,21]. Goji Berry fruit is highly nutritious. It has become
more popular in the last few years due to its recognition as
a "superfood" among people.

Due to its nutritional value, it has become more
preferred by people today. The fruit contains sugar [19].
Goji berry has several important biological functions,
such as boosting immunity, anti-aging, anti-tumor and
antioxidant [18]. Digital security is crucial in the
information era because counterfeiting not only results in
significant economic losses but also has negative effects
on people's physical and mental health. Luminescent inks
have drawn a lot of interest among the many anti-
counterfeiting substances due to their humerous uses in
information coding, information storage, and information
security. A significant barrier still exists in the production
of high anti-counterfeiting strategies and aqueous
luminous anti-counterfeiting nanomaterials [22-25].

Sucrose was also added to the goji berry to strengthen
the PL peaks of the synthesized carbon spots, based on a
related work in the literature [26,27]. Precursors, synthesis
procedures, particle size, fundamental PL characteristics,
applications, and findings from this work are summarized
in Table 1. In this study, goji berry (Lycium barbarum)
was used as a natural carbon source. CDs were
synthesized by hydrothermal and solvothermal methods.
While synthesizing carbon dots, acetone, ultrapure water
and isopropy! alcohol were used as solvents, and carbon
dot samples synthesized wusing this solvent were
compared. The structural properties of carbon dots were
researched by XRD analysis. In addition, the optical
properties of the synthesized materials were investigated
in  UV-Vis spectroscopy. The photoluminescence
properties of the obtained nanoparticles with carbon dots
were researched by photoluminescence spectrometry.
FTIR spectrometer was used to analyze its chemical
structure.

Table 1. Carbon source, size, PL properties and application examples used in preparing carbon dots.

Carbon precursors Synthesis methods  Size (nm) PL features Application Reference
. . . Ex: 330 nm -
Tea residue/ Choline chloride/ Urea Hydrothermal <10 Em- 410 nm Sensing [28]
. Ex: 310 nm - -
Chia seed Hydrothermal Em- 415 nm Cell imaging [29]
L Thermal Ex: 440 nm .
Aconitic acid/ PEI carbonization 11.12 Em: 485 nm Sensing [30]
o . 3.03to Ex: 320 nm Information encryption,
Citric Acid/ m-PD Hydrothermal Em: 466 nm Anti-Counterfaiting [31]
- Ex: 344 nm .
Laurus nobilis leaves Hydrothermal <10 Em: 425 nm Fluorescent ink [32]
Ex: 342 nm . .
Waste corn husk Hydrothermal Em- 428 nm Composite material [33]
Ex: 332 nm Food storage,
Rosemary leaves Hydrothermal 16.13 Em: 422 nm fmg_erprmt_ detec_tlgn, [13]
antibacterial activity
. . . . Ex: 354 nm L
Citric Acid/ PEI Microwave-assisted Em: 442 nm TNT determination [34]
Citric Acid Microwave-assisted Fish gelatin films [35]
Cowberr Hydrothermal Ex: 350 nm Composite material [15]
y y Em ~ 440 nm P
Facile liquid N2 Ex: 340 nm .
Blueberry treatment method Em: 450 nm Sensing [16]
. Hydrothermal Ex: 386 nm Information encryption, .
Goji berry Solvothermal Em: 465 nm Anti-Counterfeiting This work
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2 Materials and Methods
2.1 Material

Goji berry was obtained in the personal garden of the
author Hact Veli Kalmis. Solvents purchased from
standard manufacturers were used in the experiments. The
ultrapure water used in the experiments was supplied from
the KSU USKIM unit. All materials were used in their
current form without purification.

2.2 Preparation of CD Nanoparticles

Goji berry was chosen as a natural carbon source. Goji
beryy was cleaned by washing with tap water. It was then
washed with pure water. Then, the goji berry was kept in
an oven at 60°C for 96 hours to be dried. The dried goji
berry was sieved after grinding. 1.25 g of goji berry
powder and 1.25 g of sucrose were mixed in 150 ml of
solvent in an ultrasonic treatment. Ultrapure water,
acetone and isopropyl alcohol were used as solvents. The
carbon dots were synthesized using three different
solvents. The homogenized mixture was transferred to a
teflon box. The Teflon box was then placed in an
autoclave made of stainless steel. After being placed in the
autoclave oven, it was subjected to hydrothermal and
solvothermal treatment at 175°C for 8 hours. At the end
of the process, the autoclave was taken from the oven to
cool itself to room temperature. The resulting solution was
filtered. It was centrifuged and dried. It was stored at 4 °C
for experiments. The final concentration of the carbon
dots in solution for measurements was 0.25 mg mL*, The
schematic representation of the experimental setup is
given in Figure 1. While synthesizing carbon dots,
acetone, ultrapure water and isopropyl alcohol were used
as solvents, and carbon dot samples synthesized using this
solvent were named as GCDa, GCDw and GCDi,
respectively.

( )

Figure 1. Symbolic representation of obtaining carbon dots from Goji
berry.

2.3 Characterization

Structural characterization of the synthesized Carbon
dots samples was examined by XRD (X-ray diffraction).
Philips X'Pert PRO XRD device with Cu Ka radiation
(A=0,154056 nm, tuned at 40 kV and 30 mA) was used to
detect the XRD pattern. The optical properties of the

synthesized carbon dot samples were obtained by UV-
Visible Spectrophotometer (Shimadzu UV 1800) at room
temperature. FTIR Spectroscopy: Measured with a Perkin
Elmer Spectrum 400 instrument in the 4000-450 cm™?
range. The PL spectra of the CD samples were scanned
with the Varian Cary Eclipse spectrometer.

3 Results and Discussion

The XRD pattern showing the crystal structures of the
carbon dots synthesized from Goji berry is presented in
Figure 2. CDs synthesized in the XRD plot appear to have
flat amorphous peaks similar to the structure of 26=23"
graphene. Pure graphite has a significant peak at
20=26.42° that corresponds to the (002) plane in the X-ray
pattern, while GO has two distinctive peaks at 26=11° and
26=42° that correlate to the (001) and (100) planes [36].
For multi-walled carbon nanotubes, two diffraction peaks
with centers at 26° and 45° are often seen. These peaks are
designated as (002) and (001) planes [37]. Generally,
amorphous carbons with graphitic domains are indicative
of carbonaceous materials (sp2 domains). The two broad
Bragg peaks at 22.0 and 43.7 were indexed to the graphite
hexagonal structure's (002) and (100) planes, respectively
[38]. This broad and amorphous peak has also been
detected in XRD plots of CDs in many studies [32,39,40].

GCDa

GCDw

| GCDi
WWNMWWWW%
‘ [ I 0 6‘0 7‘0

10 20 30 40 5
20 (degree)

Figure 2 XRD pattern of CDs

Intensity

UV-Visible spectroscopy can be used to observe what
changes nanoparticles undergo as time passes. Carbon
nanoparticles can be characterized by UV-Visible
spectroscopy [41]. Carbon dots synthesized from Goji
berry were examined by UV-Visible spectroscopy. The
UV-Visible absorption graph is given in Figure 3. A sharp
absorption peak similar to a m-n* transition was seen in
the UV—Visible spectrum at 282 nm [42]. Figure 4a
illustrates PL spectra of the obtained carbon dots in
different solvents and when the samples are excited at 386
nm wavelength, they exhibit maximum emission at 465
nm (Figure 4b). The maximum PL intensity was found in
the carbon dots sample which is dissolved in acetone.
Photoluminescence spectra of carbon dot sample (GCDa)
dissolved in water were investigated using PL
spectrometry by varying the wavelength between 400-600
nm (Figure 5). It was observed that the synthesized CD
samples gave excitation-induced emission. When the

International Journal of Innovative Engineering Applications 7, 1(2023), 32-38
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excitation wavelength was changed from 386 nm to 456
nm with 5 nm intervals, the emission peak was redshifted
from 465 nm to 508 nm. The observed redshift in the
emission spectrum indicates the possibility of tunability of
the PL emission color. Depending on the increase in the
excitation wavelength, the intensity of the fluorescence
peak decreases and exhibits attenuation [33]. This result is
due to electron and hole recombination produced on the
surface of CDs. The redshift observed with the difference
in excitation wavelengths can be attributed to the
difference in the surface sizes of the CDs [42].

= GCDa
— GCDw
= GCDi

Absorbance

T T T T T T
250 300 350 400 450 500 550 600
Wavelength (nm)

Figure 3. UV-Vis spectrum of synthesized carbon dots from Goji

berry.
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Figure 4. a) PL spectra of CDs synthesized in different solvents b)
Excitation and emission spectrum of product GCDa.
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Figure 5. a) Excitation dependent PL spectra of GCDa,
b) after normalization.

FTIR measurements were taken in the 450-4000 cm!
range to examine the chemical structure of the synthesized
samples. FTIR results are presented in Figure 6. The broad
peak seen at 3324 cm™ is attributable to O-H or N-H
stretching vibrations [43]. The absorbance peak of the
samples at 2924 cm™ and 2846 cm'* coincides with the C—
H bonds [44-46]. The 1706-1605 cm™ double peak can
be attributed to the stretching vibrations of the C—N and
C-O bonds, respectively [44]. The C-N bonds observed in
the FTIR analysis may be due to the amino groups in the
proteins found in the structure of the goji berry [47]. The
peaks of stretching vibration of the C—C, C-N, and C-O
groups can be seen at 1372 cm?, 1200 cm™ and 1100
cmL, respectively [48].

GCDa
S
(4]
e
© GCDw
€
;]
c
o
. GCDi
C-H C=N QZQ
C=0 OO0

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)
Figure 6. FT-IR spectrum of the CDs.
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The morphological properties of synthesized CDs
were studied, and Figure 7 depicts the form and size
distribution of the carbon dots sample produced in acetone
solution. GCDa sampe have homogeneous size and
distribution, as observed in the TEM picture. The average
diameter of the studied carbon dots was calculated to be
7.2 nm.

U RS
Partical diameter (nm)

Figure 7. TEM image of GCDa sample.

Carbon dot samples were dissolved in distilled water.
Then the carbon dots were centrifuged to separate large
particles. The fluorescent abilities of the CDs obtained in
Figure 8 are observed at a distance of 10-15 cm under UV
light (365 nm). Under UV light, GCDa and GCDw carbon
dot samples glowed turquoise. When the synthesized
samples were compared, it was observed that the
fluorescence irradiation was ordered as PGDa > PGDw >
PGDi [14].

GCDw

Figure 8. Image of GCDa, GCDi and GCDw samples under UV light,
respectively.

CQDs are materials with serious potential as
fluorescent inks that can be used in various applications
due to their non-toxicity, fluorescent stability and similar
properties. Fluorescent inks obtained using CQDs are
environmentally friendly and permanent. Additionally,
such fluorescent inks can be used in anti-fraud and
encryption applications [14]. Interestingly, some
luminescent materials with exceptional invisible
transparency capabilities may be used spontaneously as
luminescent inks (Figure 8). A brush and commercial
papers without any background luminescence were used.
The similar pattern may be readily obtained, as shown in

Figure 9, by utilizing obtained GCDa, GCDw, and GCDi
labeled carbon dots as luminous inks. This pattern was
invisible in the daylight but was immediately visible under
UV light. The best outcome for the GCDa carbon dot
sample was produced, and it may be utilized as direct anti-
counterfeiting luminescent inks. Utilizing carbon dots
with a higher PL peak intensity can help luminescent inks'
anti-counterfeiting capabilities.

GCDa GCDw GCDi

Figure 9. Images drawn with fluorescent ink created from CQDs in
daylight and under UV light (365 nm).

4 Conclusion

Fluorescent carbon dots were synthesized from Goji
berry simply, non-toxic, environmentally friendly and
cost-effective. CDs were obtained by the hydrothermal
and solvothermal methods using Goji berry and sucrose as
a precursors and water, isopropanol and acetone as a
solvent. The crystal structures of carbon quantum dots
synthesized using different solvents were investigated by
XRD and the crystal structure of obtained carbon dots
consists of amorphous phases. The obtained peaks in the
UV spectrum of carbon dots are attributed to m—m*
electronic transitions. As a result of the excitation of the
samples at a wavelength of 386 nm, it was observed that
they exhibited maximum emission at a wavelength of 465
nm. By increasing the excitation wavelength, a redshift of
the emission peak was detected. The sample with the
highest PL peak value among the carbon dot samples
generated using three different solvents was discovered in
the sample synthesized using acetone solvent. TEM was
used to study the morphology of the carbon dot sample
synthesized with acetone solution, and the average
diameter of the carbon dots was determined to be 7.2 nm.
Obtained GCDa, GCDw, and GCDi carbon dots was
utilized as luminous inks. This pattern was invisible in the
daylight but was immediately visible under UV light. The
best outcome for the GCDa carbon dot sample was
produced, and it may be utilized as direct anti-
counterfeiting luminescent inks.
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