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ABSTRACT

DEVELOPMENT OF FLUORESCENT CARBON-DOTS FOR
BIOLOGICAL IMAGING

Carbon dots are called carbon quantum dots or carbon nanoparticles (NPCs), and
their use has recently started to increase thanks to their good biocompatibility, unique
optical properties, easy synthesis, and low toxicity. Different kinds of carbon sources and
amine sources also used as different dopes of chemical create a different emission color
of CDs under UV-lamp. In this study, our aim to provide a simple synthesis of carbon
dots with high quantum efficiency and low toxicity for use in cell imaging. Nitrogen and
sulfur-doped carbon dots were synthesized using citric acid and thiourea, and emission
was obtained in the blue-green region. After the synthesized carbon dots were seeded to
the A549 cell culture, intracellular viability and cell toxicity results showed that carbon
dots did not affect cell viability at certain concentrations. Afterward, the carbon dots are
combined with gold nanoparticles and it is aimed to attach the gold to the surface of the
carbon dots. Our aim here is to increase the efficiency of carbon dots, which give an
emission peak at 550 nm, thanks to gold nanoparticles. As a result of these studies, it was
proved by DAPI staining that the carbon dot is directed to the nucleus of the cell. Since it
does not create a toxic effect and is transported to the cell nucleus, it allows it to be used

in intracellular drug transport and imaging processes in the next stages.
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OZET

BIYOLOJIK GORUNTULEME ICIN FLORESAN KARBON-
NOKTALARININ GELISTIRILMESI

Karbon noktalar, karbon karbon kuantum noktalar1 veya karbon nanopartikiiller
(KNP'ler) olarak adlandiriyor ve iyi biyouyumluluklari, benzersiz optik 6zellikleri, kolay
sentezleri, diisiik toksisiteleri sayesinde son zamanlarda kullanim alanlari artmaya
baslamistir. Farkli kimyasal katkil1 olarak da kullanilan farkli karbon kaynaklari ve amin
kaynaklari, farkli dalga boylarinda emisyon veren bir karbon noktalar1 UV lambasi
altinda rengi olusturur. Amacimiz, hiicre goriintilemede kullanilmak iizere yiiksek
kuantum verimliligi olan ve diisiik toksisiteye sahip karbon noktalarmi basit sekilde
sentezlenmesini saglamaktir. Sitrik asit ve tiyoiire kullanilarak nitrojen ve siilfiir katkili
karbon dotlar sentezlenmistir ve mavi yesil bolgede emisyon elde edilmistir. Daha
sonrasinda sentezlenen karbon noktalari A549 hiicresine ekildikten sonra, hiicre ici
canlilik ve hiicre i¢i toksiklik sonuglar1 carbon noktalarinin belli yogunluklarda hiicre
canliligini etkilemedigini gdstermistir. Sonrasinda karbon dotlar altin nanopargaciklar ile
birlestirilerek, altinlarin karbon dotlarin yiizeyine baglanmast hedeflenmektedir.
Buradaki amacimiz 550 nm de emisyon peaki veren karbon dotlarin verimini altin
nanoparcaciklar sayesinde arttirmaktir. Bu caligmalar sonucunda karbon noktalarmin
hiicrenin ¢ekirdegine yoneldigi DAPI boyamasi yapilarak kanitlanmistir. Hem toksik etki
yaratmadigr hemde hiicre ¢ekirdegine tagindig1 i¢in sonraki asamalarda hiicre i¢i ilag

tasinimi ve goriintiileme islemlerinde kullanilmasina olanak saglamstir.
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CHAPTER 1

INTRODUCTION

1.1. The Aim of This Study

The aim of this study synthesizes the high quantum yield of carbon dots which is
blue, green, red light emission under UV irradiation. Therefore, developing and
controllable synthesis to obtain high efficient carbon dots with high fluorescence quantum
yield are not relatively easy to synthesize. Here, All types of CDs are used which names

are blue, green, red emissive for cell imaging.

1.2. Carbon Dots

CDs, also known as carbon quantum dots, or carbon nanoparticles (NPCs), which
are a sort of newly discovered fluorescent nanomaterials, have become increasingly
popular over the past decade thanks to their good biocompatibility, unique optical
properties, easy synthesis, low toxicity, high aqueous stability. It is possible to regulate
the emission of CDs by checking. For example, chemical manipulation, condensing
reaction, or most often, doping of other elements. Whereas nitrogen is the major supplier
of doping, it is used in combination with nitrogen in boron, sulfur, phosphorus. Xu et. al'
was reported to have accidentally discovered in 2004 to separate fluorescent
nanoparticles from products while preparing single-walled carbon nanotubes by an arc
discharge. During this time, due to the simplicity of synthesis and its unique properties,
interest in the synthesis of carbon points has increased. Many different synthesis methods
have been applied and these are divided into two parts of top-down and bottom-up

techniques.

The carbon dots are almost spherical nanocrystals and are formed by combining
atoms in the form of some molecules or nanoclusters with diameters below 10 nm. When
carbon dots are compared with quantum dots, where quantum points are larger particles,

the carbon size is generally several nanometers. Carbon points generally have -OH -



COOH -NH and other clusters on their surfaces. (Figure 1.1) Provide the carbon points
with high water solubility and polymerization of various inorganic or biologically active

materials.

{a) 1]

Figure 1.1. Depiction of C-Dots a) after surface oxidation treatment and b) after
functionalization with surface passivation reagents. (Preparation and

Application of Fluorescent Carbon Dots)

Carbon dots have strong absorption in the ultraviolet region and this region can
extend into the visible region, whereas after the modification of the passivity, the
absorption region can switch to red. Carbon dots have some properties, they have high
fluorescence stability due to their optical properties, they contain adjustable excitation
and emission wavelengths that do not bind, making a significant contribution to all areas

of fluorescence nanomaterials.

The reactions were modified and reaction conditions were changed to prepare the
carbon dots. In addition, carbon dots radiating at different wavelengths were synthesized.
The best example of this is the first single-pot full-color light emitters reported by Ding
et al. Here it is thought that the luminescence on the surfaces of carbon dots is due to

conjugate bonding of atoms and variations created by these bound oxygen atoms.

In addition, if oxygen is added to the structure between the highest occupied molecular

orbital (HOMO) and the lowest empty molecular orbital (LUMO), the bandgap narrows,



eventually the PL starts to shift to the red region as shown in Figure 1.2. (Full-Color

Light-Emitting Carbon Dots with a Surface-State-Controlled Luminescence Mechanism)
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Figure 1.2. a)Eight CD samples under 365 nm UV light. b)Model for the tunable PL of
CDs with different degrees of oxidation c¢) Corresponding PL emission
spectra of the eight samples, with maxima at 440, 458, 517, 553, 566, 580,
594, and 625 nm.>



1.3. Types of Carbon Dots (CDs)

Carbon points have certain chemical properties which are easy, cost-effective, size
control can be made, and thanks to these features, it is possible to produce large-scale
carbon dots with different compositions. Depending on the direction of size development,
the generation of carbon points can be classified into two approaches which names are

top-down’” and ‘‘bottom-up methods.

According to the top-down approach, carbon dots are generally formed through
chemical or physical cutting procedures. These procedures of relatively, microscopic
carbon structures, comprise arc discharge, laser ablation/passivation, electrochemical
synthesis, and chemical oxidation most common representative sources for these
techniques are carbon nanotube and graphite. Also, bottom-up methods produce carbon
dots from molecular precursors such as citric acid, sucrose, and glucose via microwave

patterned pathways and plasma treatment.

Carbon dot types and their classifications, merits, and demerits features are shown

in Table 1.1

(Recent progress on carbon quantum dots: synthesis, properties, and applications in

photocatalysis)

Table 1. 1. Carbon dot types and their classifications, merits, and demerits®

Methods Merits Demerits
. Controllable The complicated
Laser ablation . . .
morphology and size | operation, high cost
Electrochemical High purity, h}gh yield, Complicated
S controllable size, good :
oxidation s operation
reproducibility
Top-Down :

Chemical Easy operatlon,. large Non-uniform size
N scale production, .
oxidation . distribution

no elaborate equipment
. Instrumental
Ultrasonic Fas . ¢ hioh
treatment y operation wastage, hig
energy cost

“ cont. on the next page”



“cont. Table 1.1”

Short reaction
Microwave time, uniform size .
: S High energy cost
synthesis distribution, easy
size control
Easy operation,
Bottom-up Thermal solvent-free, low Non-uniform size
decomposition cost, large scale distribution
production
High
Hydrothermal 1gh quantum .
efficiency, low Low yield
treatment !
cost, nontoxic

1.4. Synthesis Methods of Carbon Dots

1.4.1. Top-down Methods

1.4.1.1. Laser Ablation

To remove layers from solid metals and industrial compounds using the laser
beam, it breaks the chemical bonds and absorbs the laser directed to it. This process is
called laser ablation. At 900 °C and 75 kPa, Sun and colleagues created CQDs by laser-
ablation of carbon material in the presence of water vapor with argon as a carrier gas. *°
678 The acid-treated CQDs generated bright luminescence emission after using in HNO;
for 12 hours and surface modification the surface with simple organic substances such
PEGI500N (amine-terminated polyethylene glycol) and poly(propionylethyleneimine-
coethyleneimine) (PPEI-EI) 1,3.

Also, The synthesis of fluorescent CQDs by laser irradiation of a suspension of carbon
compounds in an organic solvent was reported by Du et al (Figure 1.3). 1 The surface
states of CQDs could be changed to generate adjustable light emissions by using organic

solvents.
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Figure 1.3. Synthesis of CQDs in PEG200N solvent by using laser irradiation. °

1.4.1.2. Electrochemical Oxidation

Electrochemical soaking'® is a successful approach for synthesizing CQDs from a
variety of bulk carbon sources. These CQDs methodologies, on the other hand, are on the
decline. Zhang et al.!' developed the electrochemical carbonization of low-molecular-

weight alcohols to produce CQDs.

The most common method for producing CQDs is electrochemical oxidation, which has
the advantages of high purity, low cost, high yield, easy size modification, and good
reproducibility. 12 1314151617 The electrochemical production of CQDs from multiwalled

carbon nanotubes was initially demonstrated by Zhou et al (MWCNTs).

1.4.1.3. Chemical Oxidation

Chemical oxidation is a useful technique for large-scale production that requires
no specialized technology. '* ! 20 2! Qiao et al. provided a convenient method for
producing CQDs with excitation-wavelength-dependent PL that can be scaled up.?' The
preparation of CQDs is shown in Figure 1.4 a). The absence of detectable lattice structures
in the TEM images indicates that the as-prepared CQDs are amorphous as shown in

Figure 1.4 b)-d).
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Figure 1.4. a) Preparation procedure of CQDs. TEM images for b) coal activated carbon
(CAC) c)coconut activated carbon (CNAC) d)The inset histograms are the
size distributions of the CQDs measured by TEM. 2!

1.4.1.4. Ultrasonic Synthesis

Ultrasound has been shown to generate alternate low-pressure and high-pressure
waves in liquid, causing miniature vacuum bubbles to develop and disintegrate. High-
speed impinging liquid jets, deagglomeration, and intense hydrodynamic shear forces are
all caused by these cavitations. 2! 22 2> As a result, the energy of an ultrasonic pulse can

be used to break macroscopic carbon materials into nanoscale carbon quantum dots

(CQDs).

1.4.2. Bottom-up Methods

1.4.2.1. Microwave Synthesis

Microwave irradiation is a technique of using organic compounds like sucrose
diethylene glycol (DEG), citric acid, and ethylenediamine (EDA) is a quick and
inexpensive way to synthesize highly luminescent carbon quantum dots. Microwave
irradiation was utilized to synthesis carbon dots with oxygen-containing groups, such as

EDA, from various carbon sources. All of the reactions were combined to form a



transparent solution that was heated in a microwave oven. After that, after dissolving,

sonication, and dialysis process, pure amino coated carbon dots were collected was shown

in Figure 1.5 %4,

Figure 1.5. Synthetic route of amine coated C-dots, Br coated C-dots, and Polymers

functionalized C-dot %

Liu et al., demonstrated that synthesized highly luminescent carbon quantum dots
produced with citric acid and 1,2- ethylenediamine increased as the N level of content in
the reaction.?>2® The amine molecules, particularly the major amine molecules, were used
as a starting material for N-doping as well as a surface passivating agent for the CQDs,

which improved PL quality. All reaction mechanisms as illustrated in Figure 1.6.

i EDA W‘&,F;’
Citric P ’ﬁl oy TS
| s |
SRR i
X 3 b e

P, EDA-CDs

Figure 1.6. Synthesis of CDs in the presence of various ethylenediamine 272



According to Zue et al,?” was reported for the first time that it formed a transparent
solution, different amounts of poly(ethylene glycol)(PEG200) and saccharide were added
to distilled water. When the reaction time was increased, the solution color changes from
colorless to yellow. After a while, a dark-brown solution was obtained which indicated

the production of CNPs as shown in Figure 1.7.

] ’

. N '
N . Jmin [ 10 min

\

Figure 1.7. Microwave pyrolysis approach to CNPs?’

1.4.2.2. Thermal Decomposition

In the past, different semiconductor and magnetic nanomaterials have been
synthesized by using the thermal decomposition method. External heat was contributed
to the dehydration and carbonization process of organics materials and these have been

proven to transform into carbon quantum dots.

Ma et al. ?® succeeded in synthesizing nitrogen-doped graphene quantum dot-like
graphene structure on the carbonization process formed by heating ethylene diamine
tetraacetic acid (EDTA) in a sand bath at 260-280 °C. The reaction process for GQDs was

illustrated in Figure 1.8.



Doped graphene oxide |-

b b _ T .

Precursor Polycyclic aromatics ] "L
Doped GQDs  Gaphene-like structures

Figure 1.8. Schematic illustration of the reaction process for the preparation of GQDs

derived from EDTA (E-GQDs) and their graphene-like structures 2®

1.4.2.3. Hydrothermal Treatment

Hydrothermal carbonization process is a technique of low cost, environmentally
friendly, and non-toxic materials that can be used to produce carbon-based products from
glucose?, citric acid, chitosan?!, protein®?, organic acids, and some vegetable products.
Using a hydrothermal reactor, the carbon dot technique was reacted at high temperatures

and pressures.

According to Zhu et al.*® a hydrothermal approach using citric acid and
ethylenediamine molecule can be used to synthesis polymers such as C-dots with a high
quantum yield of 54%. These CDs can be utilized to create printing inks that protect
multicolor designs against counterfeiting, as well as a biosensor reagent capable of

detecting Fe*® production. All chemical reactions were shown in Figure 1.9.

Polymer-like CDs
Carbogenic CDs

carbonization

+ + -xH0 -xH;0

Figure 1.9. A synthetic route using citric acid and ethylenediamine: from ionization to

condensation, polymerization, and carbonization
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Zeng et al. * reported that urea and citric acid was used to synthesize amine-coated
C-dots by using hydrothermal synthesis at different temperature. The structure of their
surface coating with amino groups and the composite were both affected by the reaction
temperature. It provided surface amino groups while simultaneously deactivating the
product's surface traps, allowing urea to be used as a very good carbon source. The
reaction was synthesized by changing the temperature of carbon dot synthesis, which

resulted in varied luminescence ranges in blue and green as shown in Figure 1.10.
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Figure 1.10. The schematic approach preparing for carbon dots **

Bhunia et al.>* It has been reported that the synthesized hydrophobic and
hydrophilic fluorescent nanoparticles (FCN) were synthesized with a quantum yield
ranging from 6% to 30%. This 1 - 10 nm FCNs were used for biological staining and
diagnostics due to their imaging probe and non-toxic properties. FCN-based nanoprobes
are stable and have emissions in the visible region. In this way, it exhibits properties
similar to those of semiconductor nanoparticle-based nanoprobes. However, another
advantage is the small hydrodynamic size and low toxicity. Smaller in size allows easier
subcellular access, while low toxicity allows applications for nanoprobes. Producing a

fluorescent nanoparticle process was shown in Figure 1.11.

11
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Figure 1.11. Synthesis of fluorescent carbon nanoparticle

1.5. Structural and Optical Characterization of Carbon Dots

1.5.1. Spectrophotometric Analysis

Carbon dots have some characteristic shapes consisting of amorphs and crystalline
parts with surface functional groups. Even though the crystalline sp? carbon section has
been demonstrated by several studies. *> 4. The following are some structural models of
the CQDs core that have been proposed: amorphous carbon structure, graphite/graphite

oxide structure,diamond-like structure.

The UV-visible spectrometer was used to discover the types of structures found
in carbon dots, as well as their unsaturated structure and appearance. Two types of
absorption peaks are observed in the UV-vis spectrum, resulting from the n-n* transition
of the C=C bond and the n-n* transition of heteroatoms to the carbon atom via multiple
bonds. The surface groups and a changeable value for synthetic parameters were

associated with the absorption position peak. 3

The ratio of the number of emitted photons to the number of absorbed photons is
known as photoluminescence quantum efficiency (PL QE). It is feasible to compute PL
QE in two distinct methods experimentally. Comparing the fluorescence and absorption
spectra of an unknown material with a dye with a known quantum yield is one of them.

When making this calculation, it is important to measure the dye with the appropriate

12



photoluminescence and absorbance range. Absorption and PL spectra of the appropriate
dye should overlap with the unknown sample. The following formula is used to determine

the PL QE:

This phoneme that quantum yields are referred QY, Intensity or area of the
emission peak in the emission spectrum is referred I, excitation wavelength for
absorbance spectrum is referred OD, and refractive index of the solvent as shown as 1.

Also, ref means is referred to as reference dye.

As indicated in the equation below, quantum yield can alternatively be defined as
the ratio of radiative and non-radiative processes. The rate constants of the sample's

radiative and non-radiative processes are k,. and k,,,-, respectively.

ky + Xkny

QY

Fluorescence spectroscopy relies heavily on time-resolved observations. Time-
resolved observations give more information than steady-state measurements in many
circumstances, such as the overlap of emission and absorption spectra. Exciting the
synthesized quantum dot sample with a light pulse at a certain wavelength and then
measuring the photon count over time is called time-correlated single-photon counting
measurement (TCSPC). This photodynamic information was obtained from fluorescent
decay traces of the synthesized quantum dots. FS5, Edinburgh Instrument was used to

analyze this information.

13



1.5.1.1. Absorbance

In general, CDs have high optical absorption in the UV—visible range. The peaks
are commonly attributed to n-nt* transitions in the C=0, C—N, or C—S groups, as well as
n-t*  transitions in the conjugated C=C system. Various surface

passivation/functionalization approaches could be used to alter the absorption band.*’

Lin et al, were synthesized multiple-emissive CDs with two distinct absorption peaks, at
247 and 355 nm using phenylenediamine®® (PD) and poly(vinyl alcohol) (PVA). These
peaks correspond to m-m*transition of C=C bonds and n-n* transition of C—N/C=N

bonds, respectively.

1.5.1.2. Fluorescence UV-visible and NIR region

Experimental procedures of synthesis CDs are developing in recent years and
carbon dots were obtained from different processes. Also, another method for the
understanding of carbon dots formation is the photoluminescence (PL) mechanism of the

materials.

Ding et al*® reported that the solvents formamide, dimethylformamide, ethanol, and
aqueous H2SOj4 solution were utilized to manufacture CDs from L-glutamic acid and o-
phenylenediamine, and all combinations of reactions produced PL emission from blue to
NIR. When the solvent of the material is changed during the synthesis, the
photoluminescence spectrum was shifted from blue to red. Also, when the emission range
is 600 nm to 700 nm, the material emits in the red region. B-CDs, G-CDs, Y-CDs, and
R-CDs are four common CD samples with blue, green, yellow, and red fluorescence
emission maxima are at 443 nm, 544 nm, 571 nm, 594 nm, 640 nm, 715 nm, and 745 nm.

Their photoluminescence spectra was shown in Figure 1.12. 38

Also, surface energy level and energy gap can be affected by surface functional
groups of the CDs. Sun et al. was reported that increasing the quantum yield of CDs,
PEG-1500N was used to enhance and passivate the fluorescence of CDs. As a result,
nitrogen-containing particles were used to demonstrate the importance of surface

passivation of CDs.>’

14
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Figure 1.12. a) Multicolor fluorescent CDs synthesized by using L-glutamic acid and o-

Normalized PL
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phenylenediamine b)CDs imaged under in daylight (upper) and UV light
(bottom), respectively. ¢) Normalized PL emission spectra showed under

excitation of 365 nm.?

1.5.2. FTIR Analysis

FTIR spectroscopy was used to determine if a surface functional group on the
CDs. For instance, a distinguishing link between the surface of the Carbon points and
amine-terminated molecules in amine-bonded carbon dots, materials having carboxyl and
amine groups, was amide (-CONH-). A high absorption at 1680-1630 cm™! in the FT-IR
spectra of amide (-CONH-) is attributed to the stretching vibration of C=0. N-H bending
vibrations will be 1570-1510 cm™, whereas C-N stretching vibrations will be 1335-1200

cm’!. All organic functional groups in FT-IR spectra was shown in Table 1.2.4
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Table 1.2. FTIR Absorption Bands of Typical Organic Functional Group

Bond type Freqit:::;l;silzcgm'l ) Intensity
C=N 2260-2220 medium
C=C 2260-2100 medium to weak
C=N 1650-1550 medium
Cc=C 1800-1600 medium
C=C (aromatic) 1600, 15001430 strong
C=0 1780-1650 strong
Cc—O 1250-1050 strong
C—N 1230-1020 medium
O—H (alcoholic) 3650-3200 strong and broad
O—H (carboxylic) 3300-2500 strong and broad
N—H 3500-3300 medium, broad

According to Sun et al citric acid (CA) and polyene polyamine (PEPA) was used
to synthesize new theranostic nanomedicine (CD-Oxa) CDs. Broad absorption bands at
3000- 3500 cm™! were attributed to O-H and N-H stretching vibrations, whereas bands at
1557 and 1352 cm™! were attributed to N-H and C-N bending vibrations, respectively. It

has been proven that amino fragments are formed in the carbon dots synthesized.*!

Zhang et al employed to synthesize amine-coated C-dots by using 4,7,10-Trioxa-
1,13-tridecanediamine (TTDDA) and citric acid. According to the article; The bands at
3430 cm™! and 1100 cm™ represent N-H and C-N vibrations, proving the presence of
NH>.*? According to Zang et al, was synthesized amine-capped C-dot by using citric acid
and urea in an autoclave at different temperature ranges. In addition, the FT-IR spectra

give the stretching vibrations of the -OH and -NH» groups assigned to the absorption
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bands at 3000-3500 cm™!. The absorption intensity of the N-H peak was observed at 1549
cm’!. Also, the absorption band for C=0 at 1648 cm™! at low temperature, the intense peak

is less at low temperature in contrast to a higher temperature.*

1.5.3. X-ray Photoelectron Spectroscopy (XPS)

XPS can be used to characterize the composition and chemical bonds of the C-
dots and the structural basic properties of the prepared C-dots. According to Shi et al.
reported that using citric acid and 2,2'-(Ethylenedioxy) bis(ethylamine) to synthesize C-
dots by microwave method. In the high-resolution C 1s and N 1s spectra, there were two
peaks centered at 286.1 and 400.05 eV, indicating the presence of C-N bonds in the amine
capped C-dots. +*

In addition to this Li et al, reported that synthesizing Luminescent carbon dots by
using citric acid and urea, hydrothermal method. XPS spectroscopy of L-CDs
characterized by Li et al. proved different types of chemical components are graphitic or
aliphatic (283.87 eV), oxygenated (286.13 eV) and nitrous (287.75 eV). Also, the same
L-CDS result of aromatic N and surface HoN- groups were centered at 399.25 eV and
400.49 eV.

1.6. Synthesis of different color emitting Carbon Dots

They have some structural properties that alter the fluorescence effect when
producing carbon dot synthesis. They may contribute indirectly to higher QY of C-dots
from bandgap transitions of conjugated m domains, related to energy levels of functional
groups, electron donor abilities, or bonding of nitrogen, sulfur, and different atomic

groups. All literature summaries have been given in Table1.3.

The functional groups want to donate electrons, the more energy they produce,
and when the functional groups on the surface of these carbon dots are changed, the

emission wavelengths can also be changed.

The color shift of carbon dots from blue to red varies depending on the mole ratios

of the reacting materials and the reaction temperature. Miao et al, * using different molar
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ratios of citric acid, and urea were able to synthesize carbon dot that emit in the blue,
green, and red region at different temperatures between 430 nm and 630 nm. All reactions

were shown in Figure 1.13%
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Figure 1.13. C-Dots synthesized by using CA and urea at different reaction conditions*

Ding et al.? reported that a gradual color change from blue to red to different
fluorescence properties using p-phenylenediamine and urea was obtained using silica
column chromatography. It is thought to emit radiation due to the oxygen atoms and
conjugated carbon atoms attached to the carbon dot surfaces. The bandgap between
HOMO and LUMO decreases, resulting in a redshift of the PL emission as it also

increases surface oxidation due to the increased oxygen atom.

0 H
ydrothermal
—
HN~ N, HaN < > NH2 ~160°C,10n
Urea ‘p—phen}'lenediami.tle ‘
Increasing degree of surface oxidation

B-CDs4 G-CDs4 Y-CDs4 R-CDs4

Figure 1.14. Different emission of C-Dots prepared from urea and p-phenylenediamine

by using column chromatography*
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Carbon dots are usually emitted in the blue region and most of these carbon dots
containing carbon, oxygen element have low quantum efficiency. To increase this
quantum efficiency, the light efficiency can be increased by improving the carbon dots
by contributing to the surface modification. By binding other elements to the carbon dot
surface, it can correct structural defects, increase surface functional groups and
interactions between carbon atoms and neighboring atoms. Thanks to the doped elements,
the energy band gaps can be changed as the energy levels change. In addition, these
doping elements can be modulated into the core structure of carbon dots and contribute

to the change of the fluorescence mechanism.

Quantum yield defines the ratio of emitted photons to absorbed photons. This
quantum yield can well control the bandgap and electron local density of C-dots due to
nitrogen sulfur and other heteroatoms, metal ions and precursor, surface passivation, and
elemental doping. As a result, the quantum yield increases, giving us the effect of a longer

PI degradation life in, which passivation defects on the surface are removed.

Nitrogen atom can easily be incorporated into the carbon material skeleton, its
radius is similar to that of a carbon atom. Thanks to the nitrogen atom, it increases the
quantum efficiency by red-shifting the emission wavelength of the material and producing
a new surface state energy level. Pan et al.*® succeeded in synthesizing F-CDs by using
citric acid and formamide by microwave method at 160 degrees, which emits from blue
to red due to the presence of functional groups related to C=N/C=0 and C-N. All reaction

mechanisms was shown in Figure 1.15.
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Figure 1.15. A schematic illustration of the preparation of the full-color emission CDs*
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Jian et al. succeeded in synthesizing photoluminescent (PL) carbon dots that emit
red, green, and blue fluorescence in different regions using three different isomers of

phenylenediamine and ethanol in a 180 °C hydrothermal pathway. (Figure 1.16)
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Figure 1.16. Preparation of the RGB PL CDs from three different phenylenediamine

isomers®

Another element that affects carbon dots is the addition of sulfur elements.
Although sulfur alone does not have a significant effect on the fluorescence emission
wavelength, N and S doped elements significantly affect carbon dot synthesis. Since the
last valence atom of nitrogen and sulfur is six, it makes it easier to bond with carbon and
can increase the possibility of electronic transition from the ground state. Thus, it causes
a change in the bandgap energy and increases the quantum efficiency. Bao et al.*’ using
L-cysteine and citric acid, synthesized N, S-CD at 70 °C by hydrothermal route as a result
of recombination of electrons and holes caused by surface doped nitrogen and/or sulfur

atoms as shown in Figure 1.17.
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Figure 1.17. Preparation of N,S-CDs from using L-cysteine and Citric acid*
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All reaction techniques and ingredients was summarized in Table 1.3.

1.6.1. Blue light-emitting Carbon Dots

Blue emitting carbon dots are the most widely used and have the most diversity

due to the highest quantum efficiency. They have a strong fluorescence emission for

synthesizing process. Liu et al.,* reported that using the hydrothermal method with

different concentrations using citric acid and ethylenediamine, they succeeded in

synthesizing blue emissions carbon dots with a maximum emission peak from 480 and

440 nm at 150 °C and 5 hours. All reactions were illustrated in Figure 1.18.
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Figure 1.18. A schematic illustration of the preparation of the CDs*®
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Another method is to synthesize nitrogen-doped CDs, Liu et al.* synthesized N-
CDs with 75% efficiency by hydrothermal carbonization with citric acid and
tris(hydroxymethyl)methyl aminomethane. These carbon dots have imparted an invisible
property in the ink. In addition, these carbon dots, the maximum emission peak at 408 nm
when excited at 330 nm and had a blue emission under the UV lamp was shown in Figure

1.19.
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NH, o} o 0 e
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Citric Acid

Figure 1.19. A schematic illustration of the preparation of the N-CDs*

1.°% reported that for the synthesis of nitrogen-doped carbon

According to Yangeta
dots with high fluorescence lifetime, they succeeded in synthesizing them for 6 hours at
160 °C using ammonium citrate and deionized water. These carbon dots give absorbance
peaks at 235 and 327 nm, and these peaks p—p* transition C=C bond and n—p* transition

band C=0 bond peaks.

Lu et al. °® succeeded in synthesizing water-soluble carbon dots simply and easily
using oxalic acid as a carbon source and urea as another material, using a one-step
microwave method with a quantum efficiency of 28.7%. All reaction mechanisms as

illustrated in Figure 1.20.
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Figure 1.20. A schematic illustration of the preparation of the Blue luminescent carbon

dots™®

Qgi et al.>! succeeded in synthesizing stable nanocrystalline CDs with 35.5% high
QY at varying temperature parameters using a custom-made autoclave apparatus thanks
to citric acid and urea hydrothermal reaction to synthesize blue luminescent nitrogen-
doped carbon dot. In the synthesis of colloidal solution, N-CD has an emission peak at
461 nm, whereas N-CD-PVA (polyvinyl alcohol) nanofibers composite nanofiber mat
has an emission peak at 449 nm with a higher intensity than N-CDs. All reaction

mechanisms was shown in Figure 1.21.

HGWOH y:
o ou HN™NH,
Citric Acid Urea

Figure 1.21. Proposed mechanism of the formation of N-CDs via hydrothermal reaction

of citric acid and urea °'

23



Xu et al.’”? succeeded in synthesizing S-doped C-dots at varying temperatures
using an autoclave with 67% quantum efficiency using sodium citrate and sodium
thiosulfate. While spherical S doped C dots give an emission peak at 440 nm, it was able
to be synthesized for the first time by the hydrothermal way, using it in biological

applications thanks to its high fluorescence feature at 4.6 nm as illustrated in Figure 1.22.

0. .0 S
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Figure 1.22. Proposed mechanism of the formation of S-CDs via hydrothermal reaction

of sodium citrate and sodium thiosulfate®?

1.6.2. Green light-emitting Carbon Dots

The synthesis of green carbon dots by modulating different surface functional
groups, which are stable, water-soluble, green fluorescent carbon dots that emit at 450

and 550 nm, have become more common in recent years.

Li et al.® using 2,3-diaminophenazine and folic acid, after 24 hours at 80 °C,
carbon dots that give green photoluminescence (PL) emission for application on tumor
cells with 93.40% quantum efficiency by binding to the modified N-doped carbon on the
folic acid (FA) surface by a hydrothermal way succeeded in synthesizing. All reactions

as illustrated in Figure 1.23.
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Figure 1.23. Proposed mechanism of the formation of FN-CDs via hydrothermal

reaction of 2,3-diaminophenazine and folic acid**

Mohan et al.>* using ascorbic acid and ethylene glycol, succeeded in synthesizing
carbon dots that emit green fluorescence, showing double band emission at 382 nm and
538 nm by hydrothermal route for 1 hour at 160 °C in deionized water. These carbon dots
were used in cell imaging applications because of their strong and changeable

fluorescence properties. All reactions as illustrated in Figure 1.24.
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Figure 1.24. A schematic illustration of the preparation of the CDs via hydrothermal

reaction of ascorbic acid and ethyleneglcol®*

Xu et al.>

were synthesized by hydrothermal route in an autoclave for 8 hours at 150°C
using tartaric acid and brain as the carbon source and DMF as the nitrogen source as the

organic solvent. This carbon dot was synthesized with 46% efficiency, green fluorescence
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emitting at 539 nm, and probes commonly used in detection fields were also used. All

reactions was shown in Figure 1.25.

HO

Tartaric Acid Bran

Figure 1.25. A schematic illustration of the preparation of CDs via hydrothermal

reaction of tartaric acid and brain®

Using RhB-doped and citric acid, Dong et al.’® synthesized high quantum yield green-
emitting carbon dots with a hydrothermal pathway at 280 °C emitting isolated sp? clusters
at 534 nm. Also, these carbon dots were applied to potential bio-applications of the CDs

for cell imaging. All reactions are shown in Figure 1.26.

Tl

Citric Acid

Figure 1.26. A schematic illustration of the preparation of CDs via hydrothermal

reaction of RhB-doped and citric acid®
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As shown in Figure 1.27, Yang et al.”’

using citric acid monohydrate,
methylamine hydrochloride, and lanthanum chloride heptahydrate were able to synthesize
La-doped CDs (La-CDs) with 35% quantum efficiency, emitting in the green
fluorescence at 445 nm, by microwave method. And these CDs were used to detect Fe*?

in living cells.

Citric Acid methylamine hydrochloride

Figure 1.27. A diagram depicting the hydrothermal reaction of citric acid, methylamine

hydrochloride, and lanthanum chloride heptahydrate to produce CDs. >’

Also, Yang et al.>®

succeeded in synthesizing green-emitting CDs by
hydrothermal route using phenol and ethylenediamine at 180 °C for 10 hours for cartap

detection.

Qu et al.>° using citric acid as a carbon source and thiourea, urea as an S and N
source, succeeded in synthesizing S, N co-doped carbon dots that green-emitting
fluorescence at 360 and 435 nm by hydrothermal route for 4 hours at 160 °C in deionized
water. Also, S,N:GQD/TiO composites have a good photocatalytic effect thanks to these
carbon dots, it has been used for energy conversion in the solar energy system. It was

seen in Figure 1.28.
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Figure 1.28. A procedure for making CDs is presented based on the hydrothermal

reaction of thiourea and urea >°

While Liu et al.®* used sucrose as a carbon source and diethylene glycol as the
reaction medium, it was synthesized in 10 minutes by microwave method with green
luminescent DEG-CDs in 540 nm, with 54% quantum efficiency. (Figure 1.29) While
these DEG-CDs are easily soluble in water, these dots, which emit green fluorescence
under UV-lamp, are thought to originate from surface oxygen-containing groups, and thus

the carbon dots applied to the C6 cells show that these carbon dots can be taken into the

cell efficiently. This proves that DEG-CDs can be used as bioimaging and nanosensor.

B

A A b]@ =)

OH OH "OH

‘ Diethylene Glycol ‘ chmse

Figure 1.29. A schematic illustration of the preparation of CDs via microwave reaction

of diethylene glycol and sucrose
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Liu et al.*! succeeded in synthesizing CD-PEIs with a high QY of 54% in a very
short time using the microwave method, thanks to the reaction of polyethyleneimine,
glycerol, and phosphate to synthesize the passivated photoluminescent C-dots with green

route branched PEI. This CD-PEI was used to demonstrate bioimaging and bio labeling.

i INHz [oN
H2NA“~"NW[:|) .\ Pl
LY | @
NH ah A Ll
H S LS A / il

HzN‘/\HmeNm Nufﬂ-NHz

OH

H;Nmnmu—\_m T e |

NH, @

Polyethylenimine (PEI) Glyvcerol

Figure 1.30. A schematic illustration of the preparation of CDs via microwave reaction

of polyethyleneimine, glycerol, and phosphate

Zhang et al,% in Figure 1.31, using p-benzoquinone and ethylenediamine,
produced a dark brown product with a maximum emission peak at 530 nm by
exothermally for 16 hours, while the green fluorescent route of CDs containing abundant
amino groups allowed it to actively target lysosomes and was sensitive to lysosomal pH

visualized in vitro.

‘ P -benzoquinone ‘ ‘ EDA

Figure 1.31. Proposed mechanism of the formation of CDs via hydrothermal reaction of

p-benzoquinone and ethanediamine.®?
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1.6.3. Yellow and orange light-emitting Carbon Dots

The synthesis of the blue carbon dots gives strong emission in the blue emission
region, but its long wavelength emissions are very low, so the synthesis of carbon dots
that emit from yellow to red is very important. Yellow CDs have the large Stokes shift
however, quantum yields are relatively, low. But if obtained high-quality yellow
fluorescence CDs, they can be used for biological applications. Liu et al.,® dissolved a
solution of citric acid, urea, and manganese acetate in toluene, transferred to an autoclave,
and heated at 180°C for 12 hours, successfully synthesizing carbon dots with 46%
quantum efficiency, emitting at 550 nm and showing yellow fluorescence as shown in

Figure.1.32.
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Figure 1.32. A schematic illustration of the preparation of CDs via hydrothermal

reaction of citric acid, urea, and manganese acetate

Jiang et al.%* succeeded in synthesizing yellow carbon dots, a rare example of N-
doped CDs, using 1,2,4-triaminobenzene, and formamide by a hydrothermal pathway in
Figure 1.33, which gave an emission peak of 568 nm for 12 hours at 120 °C. It also shows
that as a result, of the gradual addition of Ag+ and Cys to the synthesized yellow carbon
dots, it emits three states called ON-OFF-ON, and these are practical, applied for the

detection of Cystine in human plasma samples.
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Figure 1.33. A schematic illustration of the preparation of CDs via hydrothermal

reaction of 1,2,4-triaminobenzene and formamide

Using citric acid and dicyandiamide, Hou et al.®®

succeeded in synthesizing N-
CDs with a maximum emission peak of 528 nm at 90 minutes, 170°C with a high quantum

yield of 73.2% without solvent. All reactions as illustrated in Figure.1.34.

N H Yellowish-green N-CDs

o] OH 0] O -
w + NC“HJ\NHE = Q%O
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Figure 1.34. A schematic illustration of the preparation of CDs via hydrothermal

reaction of citric acid and dicyandiamide

Using o-phenylenediamine and water as solvents, Song et al.’® succeeded in
synthesizing it in 20 minutes by microwave with 38.5% quantum efficiency, giving a high
emission peak in the 573 nm yellow region. In addition, it was predicted that these
synthesized 0-CDs could be detected efficiently in SW480 cells and used as fluorescence

probes for cell imaging.
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Figure 1.35. Proposed mechanism of the formation of CDs via microwave reaction of o-

phenylenediamine and water

Using citric acid and 2,3-phenazinediamine, Yan et al.,%’ succeeded in
synthesizing carbon dot with 24% quantum efficiency, maximum emission point at 568
nm, good fluorescence stability with large Stokes shift (188 nm), and fluorescence
emission in the yellow region. These types of carbon dots can be applied for the detection

of Ag(I) and GSH for using H1299 cells. (Figure 1.36)
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Figure 1.36. Proposed mechanism of the formation of CDs via hydrothermal reaction of

citric acid and 2,3-phenazinediamine
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Wang et al.®® succeeded in synthesizing P,C1-CDs using maltose, phosphoric acid,
and hydrochloric acid using an autoclave with a maximum emission peak at 590 nm for
6 hours at 180 °C. P and Cl atoms were replaced by C and H atoms by applying high
temperatures, and these structures showed a good fluorescence quenching effect in the

presence of Fe(Ill) while improving surface reactivity. (Figure 1.37)
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Figure 1.37. Proposed mechanism of the formation of CDs via hydrothermal reaction of

maltose, phosphoric acid, and hydrochloric acid

Geng et al,®

using citric acid, triethylenetetramine, rhodamine 6G, and ethanol,
were able to synthesize yellow carbon dots with a 130-degree microwave method,
emitting between 500-800 nm in 15 minutes, with 43% efficiency. Thanks to this carbon
dot, a new sensor system has been developed that opens after the acidic one enters the

lysosome and binds with ATP.
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Figure 1.38. A schematic illustration of the preparation of CDs via hydrothermal

reaction of citric acid, triethylenetetramine, rhodamine 6G
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N doped carbon dots were synthesized in a short time by using the microwave
method at 535 nm, which gives high emission in the orange region, using p-
phenylenediamine and ethylenediamine by Ding et al.”’ as shown in Figure 1.39. As a
result, it has a 65.93% quantum efficiency, is easily dispersed in water, and has a detection

feature in cells thanks to its low toxicity and biocompatibility.
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Figure 1.39. A schematic illustration of the preparation of CDs via microwave reaction

of p-phenylenediamine and ethylenediamine

Wu et al.”! succeeded in synthesizing organic soluble CQDs (0-CQDs) using TNP
and toluene at 180 °C for 12 h with a hydrothermal method with ~90% quantum
efficiency. By using this carbon dot different solvent, it was ensured to reach a high
emission peak of 715 nm and shifted to the red region, and this was used to make a

photoelectronic device.
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Figure 1.40. A schematic illustration of the preparation of CDs via hydrothermal

reaction of TNP and toluene
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Vedamalai et al.,”* using OPD (o-phenylenediamine) were dissolved in ultrapure
water, was synthesized at 567 nm by the water-dispersible simple hydrothermal method
with photoluminescence at 300 °C for 2 hours. Thanks to the Cu*? ion added to these
carbon atoms, it gives an orange emission with the formation of Cu(OPD), complexes on
the surfaces of the C points. Also, A549 has been used in the cell as it has great selectivity
and biocompatibility by mapping Cu*" ions.
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Figure 1.41. A schematic illustration of the preparation of CDs via hydrothermal

reaction of o-phenylenediamine and water

1.6.4. Red Light-Emitting Carbon Dots

Since carbon dots emitting red light show minimal damage to biological samples
and are applied in the lighting and biomedical field, numerous studies involving the

development of emitting CDs with this long-wavelength are given priority.

Liu et al.”

synthesized o-PD by hydrothermal route after 10 hours at 200 degrees using
HNO; with 31% yield. Looking at the absorption peak, optimum emission peaks exhibit
at 282 nm, 630 nm and give a shoulder peak at 677 nm. And these peaks give the n—m*
transition C=C band, while the n—n* transition gives C=N, C-N-C bands on the imine and
phenazine band. Thanks to this carbon dot synthesis, a new and highly efficient red-
emitting carbon dot in vivo biodistribution imaging system have been reported for the
first time. These carbon dots with good biocompatibility are also used in biomedical and

clinical analysis. The reaction mechanisms was shown in Figure 1.42.
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Figure 1.42. A schematic illustration of the preparation of CDs via hydrothermal

reaction of o-phenylenediamine and nitric acid

Huang et al.,”*

using 3-aminobenzene boronic acid and 2,5-diaminobenzene
sulfonic, were able to synthesize NBS-CDs in 11% efficiency with nitrogen, boron, sulfur
co-doped hydrothermal at 180°C for 8 hours maintaining the emission peak at 605 nm.
Thanks to the light quenching feature of Ag" ions on NBS-CDs, it enabled the
determination of L-Cys in human cells after Ag" and L-cystine interaction. In addition,
these ions have been detected in cancer cells and used as biosensors in clinical

applications.
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Figure 1.43. A schematic illustration of the preparation of CDs via hydrothermal
reaction of 3-aminobenzene boronic acid and 2,5-diaminobenzene sulfonic

(bottom of these imaged copied taken by 74)
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Li et al.,” using citric acid and thiourea, acetone was chosen as the solvent and
the hydrothermal reaction was at 160 degrees for 8 hours, and they were able to synthesize
S, N-CDs with sulfur and nitrogen co-doped carbon points emitting 593 nm as showed in
Figure 2.26. In addition, the carbon dot S synthesized after conjugation to these carbon
dots using phenylboronic acid is called N-CDs-PBA and this dot was quickly taken into
the PC12 cell. As a result, it was used in biomedical optical imaging and detection to

detect Fe*" ions.
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Figure 1.44. A schematic illustration of the preparation of CDs via hydrothermal
reaction of citric acid and thiourea (bottom of these imaged copied taken

by 75)
Sun et al.”® provided the synthesis of red carbon dots with high emission at 640
nm using the microwave method with 22.9% efficiency using citric acid and formamide.

In addition to synthesizing in a short time with high efficiency, it also offers use in

biomedicine and emission emitting devices.
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Figure 1.45. A schematic illustration of the preparation of CDs via microwave reaction

of citric acid and formamide
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Another area of use of red carbon dots is the use of LEDs. Wang et al.”” succeeded
in synthesizing 1,3-Dihydroxynaphthalene using KIO4 and ethanol as a solvent, using a
180 degree 1-hour autoclave reactor with 53% quantum efficiency and emission at 628
nm. Subsequently, a UV-pumped CQD phosphor-based hot WLED was reported by

magnifying the m-conjugated structure in carbon dots showing red fluorescence.
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Figure 1.46. Proposed mechanism of the formation of CDs via hydrothermal reaction of

1,3-Dihydroxynaphthalene using KIO4 and ethanol

By wusing 2,5-diaminobenzenesulfonic acid 4-aminophenylboronic acid
hydrochloride, Liu et al.”® succeeded in synthesizing BSN-CDs with an emission peak of
600 nm at 180°C with a yield of 5.44% after 8 hours. Thanks to this carbon dot, they used
colorimetric and fluorescent dual-mode detection methods to detect Fe** in the cell for its
effective and intracellular imaging.
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Figure 1.47. A schematic illustration of the preparation of CDs via hydrothermal
reaction of 2,5-diaminobenzenesulfonic acid 4-aminophenylboronic acid

hydrochloride
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Ali etc al.”’ succeeded in synthesizing a red fluorescent functional FCN emitting
550 nm with a method different from the others, using a three-necked round-bottomed
flask at 280 °C for 4 hours using ascorbic acid and oleylamine. Thanks to these dots, it is
converted into the desired nano bioconjugate thanks to the existing reagents and it is

possible to use it as nanoprobes.
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Figure 1.48. Proposed mechanism of the formation of CDs via hydrothermal reaction of

ascorbic acid and oleylamine

Su et al. succeed in synthesizing cancer-stem-cell-nucleus-penetrable R-CQDs
with 20.1% quantum yield at 195 °C 1 hours using an autoclave thanks to 4-
aminophenol and potassium periodate in an ethanol solution hydrothermal reaction to
synthesize these types of red CDs. In addition, CSCNP-R-CQDs show
photoluminescence emission at 620 nm and nitrogen functional groups are bound on the
surface of this carbon dot, and the destruction of cancer cells shows a new way to

design nano-drug.

NH,
© + KO,
OH

4-aminophencl potassium periodate

Figure 1.49. Proposed mechanism of the formation of CDs via hydrothermal reaction of

4-aminophenol and potassium periodate
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Another method for creating red carbon dots is nitrogen-doped carbon dots. Ju et
al.% succeeded in synthesizing o-phenylenediamine as a carbon and nitrogen source by
hydrothermal route using HCL and water as solvents, emitting at 620 nm at 150 °C for 8
hours in 12% yield quantum. These N-CDs allowed the rapid and reliable determination

of hematin in human red cells.

’ 00
qw’ = [« I
w o HCl (o) H
o-phenylenediamine Hydrochloric acid

Figure 1.50. A schematic illustration of the preparation of CDs via hydrothermal

reaction of o-phenylenediamine and HCl

Zhao et al.}! succeeded in synthesizing N and P co-doped red emissive carbon dots
using o-phenylenediamine and phosphoric acid with emission at 622 nm with 15%
quantum efficiency at 160 degrees after 5 hours. These long-wavelength emitting CDs
have been successfully applied in biological and medical applications and in vitro cell

imaging.

Zuo et al.®? dissolved phenylenediamine in ethanol and tartaric acid dissolved in deionized
water, the resulting carbon dot has an emission at 600 nm with 39.3% quantum efficiency.
This carbon dot can be used as a sensor or fluorescent label while contributing to the

design of lipophilic red emission materials.

Ding et al.®}

synthesized high-efficiency carbon dots with 53% efficiency and red
emission at 627 nm by heating a solution of citric acid and ethylenediamine and
formamide by hydrothermal way to 180 degrees for 4 hours. The nitrogen-derived
structures in the dot cores show us an intense red emission. Due to its low toxicity and
good dispersibility in water, it has been successfully used for both in vitro and in vivo

bioimaging.
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Figure 1.51. A schematic illustration of the preparation of CDs via hydrothermal

reaction of citric acid and ethylenediamine and formamide

Ghosh et al 3 synthesized 25% efficiency of CDs and red emission at 600 nm by
heating a solution of resorcinol, ethylene glycol, and NazPO4by hydrothermal way to 160
degrees for 6 hours. With the reaction of glycol and resorcinol in NazPO4under an oxygen
atmosphere, the formation of a graphitic structure between adjacent H/OH functional
groups with the formation of oligomeric products as a result of the phenol binding

reaction. It can be used as a bioimaging probe by converting to different colloidal

nanoconjugates.
OH
OH
Resorcinol |

Figure 1.52. A schematic illustration of the preparation of CDs via hydrothermal

reaction of resorcinol, ethylene glycol, and Na3PO4
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Yuan et al.® succeeded in synthesizing 1,2,4-triaminobenzene as carbon source
and PEG- 200 at 100 °C in 15% yield, emitting 650 nm red after 3 hours. Thanks to the
solvent effect on the formed carbon dots, it exhibited emissions in different regions. As a

result, warm white light is effective in emitting diodes.

NH,

Sy, b (B ]
ey 2 —

‘ 1.2 4-triaminobenzene ‘

Figure 1.53. Proposed mechanism of the formation of CDs via hydrothermal reaction of

1,2,4-triaminobenzene and PEG200

Another synthesis of red carbon dots is the synthesis of S and Se doped carbon
dots. Lan et al.,’ used PT2 polythiophene and diphenyl diselenide to produce red
fluorescent carbon dots. They succeeded in synthesizing S,Se-encoded CDs by a
hydrothermal method at 180° C with ~17.5% quantum efficiency, which emits two peaks
at 731 nm 821 nm, as a result of the reaction for 24 hours. These carbon dots have a TPA
cross-section at 880 nm, which resulted in NIR to NIR photoluminescence. This carbon

do was used to screen cancer cells in vivo and in vitro.

Two-phaoto NIR
‘ué %\emtatmn rfjlermsswe
PT2

Hydrothermal
)
U e
Se ,[\i:ﬂ H@a
-
o CDs
Ciphenyl diselenide Mear-infrared emissive

phototheranostic agent

Figure 1.54. Proposed mechanism of the formation of CDs via hydrothermal reaction of
PT2 polythiophene and diphenyl diselenide (bottom of these imaged
copied taken by )
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1.7. Application of Carbon Dots

Carbon dots have some application areas like bioimaging, sensing, drug delivery,
and catalysis. Synthesis of carbon dots emitting PL in the NIR region is used in
bionanotechnology and bioimaging due to the transparency of body tissues.®” Therefore,
NIR PL emission was significantly observed in vivo images for carbon dot injected mice

as shown in Figure 1.55.

White Light 455 nm 523 nm 595 nm

1
3
' Al

605 nm 635 nm 661 nm 704 nm

Figure 1.55. A digital picture of in vivo fluorescence images of CQDs-injected mice

taken at different excitation wavelengths. (Image adapted from *°)

According to Du et al, a carbon dot-based multifunctional FRET sensor for
detecting and visualizing mitochondrial H202 levels in L929 and Raw 264.7 cells has
been developed. Also, all fluorescence images for living cell lines co-stained by the
nanoprobe and rhodamine 123 were shown in Figure 1.56. 3% As a result of this study, the
fluorescence signals from 1929 and Raw 264.7 cells overlap with the fluorescent signals

from rhodamine 123, showing that the probe is primarily localized in the mitochondria.
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Nanoprobe Rhodamine 123 Overlay

L929

Raw 264.7

Figure 1.56. Images of a-c) L929 live and d-e) raw 264.7 cells by using Confocal
fluorescence with Mito-CD-PF1 (0.3 mg mL ') and rhodamine 123 (2
uM). (Image adapted from 5%)
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CHAPTER 2

SYNTHESIS AND CHARACTERIZATION OF CARBON
DOTS, AND GOLD NANOPARTICLE

2.1. Introduction

The emission of carbon dots in different regions depends on chemical structure,
size, and crystalline degree. The PL feature varies according to the size of the material. If
the synthesized cd is 1.2 nm in size (small), the UV region is located at 350 nm. It has a
medium-size between 1.5-3 nm (medium) and exhibits 400-700 nm emission in the
visible region. The 3.8 nm (large) carbon dot exhibits absorption spectra at 800 nm in the
near-infrared region. These particle sizes are related to the quantum confinement effect.
Two factors affect that the surface state of carbon dots, originating from surface
configurations and doping atoms. ¥ Polymers with different degrees of oxidation can vary
as a large-area structural type where functional groups, defects, and edge states are
important. Changes in the surface design of CDs can affect electron energy levels or light-
emitting regions. Redox processes, amino modification, and molecular modification all
modify the surface configuration. To control the electrode potential and current density
for manufacturing carbon dots, electrochemical techniques can be employed initially. Bao

1.89

et al.®” electrochemically synthesized CDs, which increased the surface defect density

with higher potential leading to smaller CDs and whose recombination yielded a red-

shifted emission band, enhanced surface oxidation. In addition, Liu et al.”

investigated
the effect of pH on carbon dots. Carbon dots formed under alkaline conditions, PL
emission is quenched under an acidic environment. The hydroxyl or carboxyl groups
electrons and holes on carbon dots radiatively recombine under illumination with
excitation light, resulting in PL. While these hydroxyl groups donate electrons and raise
PL, electron-withdrawing groups such as carboxyl groups absorb some of the radiation
signals, weakening the PL. We can provide the surface configuration of CDs by amino
modification. A single radiative transition mode of the sp? carbon occurs if all surface

states are passivated by the amino, independently of the excitation wavelength. Functional

groups for C-O, C=0, and O=C-OH emit fluorescence emission depending on the
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excitation energy if the surface groups are not passivated by amino groups. Heteroatom
doping can be achieved by using heavy atoms for example phosphorus, selenium, sulfur,
fluorine, and nitrogen since it changes the electronic structure of CDs. Nitrogen and sulfur
are similar to carbon atoms in terms of atomic radius and electronegative properties and

1. #7 succeeded in synthesizing o-

are therefore widely used as dopant atoms. Dong et a
doped O-CDs, N-doped N-CDs, and nitrogen- and sulfur-doped N,S-CDs using citric acid
and L-cystine. It expands the nitrogen band and shows excitation-independent PL
emission by eliminating the oxygen state with the addition of sulfur. In addition to this,
Song et al.”! syntheses of N-S co-doped carbon dots using citric acid, urea, and thiourea,
red-shifted photoluminescence peaks were observed independent of excitation points.
Fluorine and sulfur or selenium, which are more electronegative, are other doping
elements. It has been demonstrated that these elements cause PL spectra to shift to the red
region more effectively than nitrogen doping and that this shift is dependent on
heteroatom electronegativity. The surface state is mostly dependent on the carbon core

due to surface modification and heteroatoms, and the PL mechanism controls the

electronic structure and energy levels of CDs.

In this study, carbon dots with high photoluminescence wavelength, which can be
easily synthesized in one step, a cheap, reproducible, and high quantum yield that will not
cause toxic effects in the cell. Carbon dots were tried to be synthesized with high
efficiency by using different carbon and nitrogen sources, but while it gave high emission
in the blue region, the desired result could not be obtained in the green and red regions.
In the light of literature information, studies have been carried out for the synthesis of N-

S doped carbon dots by increasing the amine and sulfur source.

2.2. Various Synthesis Method for CDs

2.2.1. Experimental

2.2.1.1. Reagents

The Citric acid (99.9%), urea (99.9% ), were purchased from Sigma —Aldrich.
Thiourea (99.9%) were purchased from Alfa Easer. Ethylenediamine was purchased from

MERCK.
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2.2.1.2. Synthesis of Blue Luminescent Carbon Dots

Some experimental supplies are mentioned in this section. Using different types
of starting materials and experimental procedures, carbon dots exhibiting different types

of emission wavelengths were obtained.

Firstly, 0.005 mol of citric acid and 335 pL of ethylenediamine were added into
10 mL and 300 mL deionized water. Then the solution was well-stirred and transferred to
Teflon-autoclave and heated at 150 °C for 5 hours. After the reaction was cooled at room

temperature.

Secondly, in this study citric acid and urea were used to synthesize of N-CDs.
Carbon dot solutions with different molecular concentrations are prepared as 0.025M,
0.0763M, 0.25M, 1.27M. After 2 mixing compound was transferred to the Teflon-
autoclave and heated at 150 °C for 33 minutes. After heating, the reaction waited at room

temperature, and then the colorless solution was observed.

The third method is 0.009 mol of citric acid and 0.005 mol of L-cysteine was
added into 5 mL deionized water. Then the solution was well-stirred at 70 °C
approximately 4 hours and thick syrup was obtained. Then transferred solution to the
Teflon-autoclave and the solution was heated at 200 °C for 3 hours. After the reaction

was cooled at room temperature.

2.2.2. Experimental

2.2.2.1. Reagents

The P-benzoquinone (99.9%), o-phenylenediamine (99.9% ), were purchased
from Sigma —Aldrich. Ethylenediamine was purchased from MERCK. Tartaric acid was
purchased from Sigma —Aldrich.



2.2.2.2. Synthesis of Green Luminescent Carbon Dots

0.05 g of p-benzoquinone was dissolved in 5 mL, 10 mL, 15 mL ultrapure water,
followed by the addition of 150 pLL and 100 pL ethylenediamine and mixed for 8 and 16
hours and after a dark-brown component occurred. The mixtures were mixed completely
at ambient air, temperature, and pressure. After methanol was added to the reactions and
centrifuged at 6000 rpm, 20 minutes. Finally, the reaction was filtered by using a syringe
filter.

Table 2.1. Reaction parameters for Green-emitting Carbon-Dot synthesis

P-benzoquinone | Ethylenediamine | Water M Regctlon

Sample time
(mmol) (mmol) (L) (mol/L) (h)
1 0.5 22.4 0.015 1.52 8
2 0.5 22.4 0.01 2.28 8
3 0.5 22.4 0.005 4.57 8
4 0.5 22.4 0.015 1.02 8
5 0.5 22.4 0.01 1.53 8
6 0.5 22.4 0.005 3.07 8
7 0.5 22.4 0.015 1.52 16
8 0.5 22.4 0.01 2.28 16
9 0.5 22.4 0.005 4.57 16
10 0.5 22.4 0.015 1.02 16
11 0.5 22.4 0.01 1.53 16
12 0.5 22.4 0.005 3.07 16

2.2.3. Experimental

2.2.3.1. Reagents

The p-phenylenediamine (p-PD) (99.9%), o-phenylenediamine (0-PD) (99.9% ),
were purchased from Sigma —Aldrich. HCL(30-32%) and HNO 3 were purchased from
TEKKIM. Deionized water supply by IYTE.



2.2.3.2. Synthesis of Red Luminescent Carbon Dots

In this part, we tried to synthesize Red fluorescent emission carbon dots using o-
phenylenediamine, p-phenylenediamine with different kinds of solvents which are HCL

and HNO:s.

Firstly, 0.25 mmol of 0-PD and p-PD was mixed with different microliters of HCL and
HNO3; compounds which were added to 5 mL of ultrapure water. Then the compound
waited in the sonicator for obtaining a pure solution. And the solution was heated at 150
°C for 8 h in a Teflon-autoclave (20 mL). After the reaction waited at room temperature.
Deep red products were centrifuged at 6.000 rpm for 30 minutes and, then the solid

precipitate was removed by using a syringe filter.

Table 2.2. Reaction parameters for Red-emitting Carbon Dots synthesis

number | o-PD HCL water M Reaction pH
Time

(mmol) (mol) (L) (mol/L) (h)
1 0.25 0.05 0.005 0.0299 8 1.1
2 0.25 0.03 0.005 0.0279 8 1.31
o-PD HNO:; water M R?Faif:lleon pH

(mmol) (mol) L) (mol/L) (h)
3 0.25 0.05 0.005 0.0299 8 0.12
4 0.25 0.03 0.005 0.0279 8 0.74
p-PD HCL water M R?fai:;l:n pH

(mmol) (mol) L) (mol/L) (h)
5 0.25 0.05 0.005 0.0299 8 0.96
6 0.25 0.03 0.005 0.0279 8 1.32
p-PD HNOs3 water M R?ﬁfl?:n pH

(mmol) (mol) (L) (mol/L) (h)
0.25 0.05 0.005 0.0299 8 0.81
0.25 0.03 0.005 0.0279 8 1.03




2.2.4. Result and Discussion

2.2.4.1. Blue Luminescent Carbon Dots Experimental Results

In this study, the synthesis of the carbon dot, which varies depending on the solution
concentration and emits in the blue region, has been successfully carried out. At the end
of the reaction, the carbon dots prepared with 10 mL of water were yellowish, and the
carbon point prepared using 300 mL of water was obtained as colorless as shown in Figure

2.1a). All reaction colors were shown in Figure 2.1b) under UV-Lamp.

Figure 2.1. Reaction solution for 10 mL (left) an solution for 300 mL (right) under
a)day-light and b)UV-light

According to the article, The absorption peak at 243 nm is assigned to the CD solution
of C=C refers to =—n*, while the absorption peak at 346 nm is due to the C=O0 refer to
n— 7 * transition. Here, the absorption peak at 248 nm is assigned to the CD solution of
C=C refers to n—n*, while the absorption peak at 349 nm corresponds to the n— m *

transition was shown in Figure 2.2.
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Figure 2.2. The UV visible absorption spectrum of CDs for a)10 ml and b) 300 ml(right)

The emission spectra of the carbon dots prepared with 10 mL and 300 mL of water
are shown in Fig. 2.3. It exhibited emission from 480 to 450 nm at the same excitation

wavelength of 350 nm, and the pl intensity increases as the concentration decrease.

375 425 475 525 575 625
Wavelength(nm)

Figure 2.3. PL emission spectra of CDs in different volumes of water with an excitation
wavelength of 350 nm for preparing with 300 mL(red) and 10 mL(blue) of

water

According to the results of the second experiment, carbon dots emitting in the blue
region were successfully synthesized after 33 minutes using citric acid and urea. When
the concentration was increased, the pl emissions of carbon dots emitting in the blue

region decreased, and this was shown under the UV lamp in Figure 2.4b)
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Figure 2.4. Reaction solution for citric acid and urea for preparing different
concentration 0.025M, 0.076M, 0.25M, 1.27M under a)visible and b)UV-
light

As a result of the experiment prepared with citric acid and urea, PL density
increased at low concentrations, but no PL emission was obtained at high concentrations.
This is because reaction rates are quite slow when CA and urea concentrations are low.

As the precursor concentration is increased, the reaction time should be longer.

450
= 350 3 350
S5 300 300
250 "= 250
2 200 2 200
@ 150 @ 150
100 100
2 50 3 s
£ o0 c o0
300 500 700 300 500 700
wavelength(nm) wavelength(nm)

Figure 2.5. Effect of 0.025M and 0.076M concentration of the solution on PL spectra

of N-CDs under excitation at 350 nm

As a result of the third experimental procedure, the reaction was neutralized with 1
molL"! NaOH solution and then diluted with 30 mL deionized water, blue emission was

observed under the UV lamp as shown in Figure 2.6 b).

59



Figure 2.6. Bright yellow solution of the N,S-CDs under daylight and Blue emission
under UV irradiation of the N,S-CDs

According to Dong etc al. reported that N,S-CDs in an aqueous solution was
synthesized by using citric acid and L-cysteine. Only one absorption peak was seen at

345 nm as shown in Figure 2.7.

0.5

Absorbance

250 300 350 400 450 500
Wavelength(nm)

Figure 2.7. The UV visible absorption spectrum of main N-CDs solution

The emission spectrum of N,S-CDs of an aqueous solution was shown in Figure

2.8. According to the article; the maximum excitation and emission wavelength of N,S-

CDs aqueous solutions are 345 and 415 nm, respectively.
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Figure 2.8. PL spectra of the aqueous solution of the obtained N-CDs under excitation

at 350 nm

2.2.4.2. Green Luminescent Experimental Results

At ambient air, temperature, and pressure, the mixes were well mixed. Because
the change in Gibbs energy (G) was less than zero, the reaction between p-benzoquinone
and ethylenediamine was determined to be spontaneously exothermal. Before the
characterization process, The color of the CD solution changed from dark brown to red

after each sample was collected 8 and 16 hours later as shown in Figure 2.9 and Figure
2.10.

Figure 2.9. The color of the CD solution after 8 hours under daylight and UV-lamp
(from left to right 1,2,3,4,5,6)
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Figure 2.10. The color of the CD solution after 16 hours under daylight and UV-lamp
(from left to right 7,8,9,10,11,12)

Also after characterization of the process, all samples were shown in Figure 2.11 and

Figure 2.12

Figure 2.11. The color of the CD solution after 8 hours under daylight and UV-lamp
(from left to right 1,2,3,4,5,6)
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Figure 2.12. The color of the CD solution after 16 hours under daylight and UV-lamp

(from left to right 7,8,9,10,11,12)

Zhang et al succeed the synthesizing green-emitting CDs by using p-benzoquinone
and ethylenediamine. According to the article; the CD solution of the absorption peak at
234 nm is attributed to n—n* of C=C, and the absorption peak at 410 nm corresponds to
n— 7 * transition of the C=0 and C=N bond. Also, CDs solution of PL spectra was
shown in Figures 2.13.c) and 2.13.d) which is changeable of emission wavelength when
the sample is prepared by exciting different wavelength. In addition to this, absorption
spectra of CDs diluted by different volumes of deionized water show an absorption peak

at 400 nm for every different volume of water was shown as Figure 2.13.a) and Figure
2.13.b).
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Figure 2.13. The absorption spectra of Green CDs synthesis a)8 hours b)16 hours and

The PL emission spectra of Green CDs for ¢) 8 hours, d)16 hours under

excited at 400 nm
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Figure 2.14. FT-IR Spectra of green emission CDs

The second trial is that, before the characterization process, The color of the CD solution
changed from colorless to bright yellow after each sample was collected from the reaction
at the beginning of each hour. Also, blue emission was observed for samples collected

each hour as shown in Figure 2.15, under UV irradiation.

Also, this reaction was controlled 2 weeks later and we observed the green

emission under UV light. After checking the PL emission characterization process.
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Figure 2.15. The color of the CD solution after 10 hours later under daylight (left) and
UV-light (right) from left to right (5h,6h,7h,8h,9h,10h)

After 2 weeks later we observed green fluorescent emission under UV-Lamp. Also, look

at the absorbance and PL emission was mentioned about the characterization part.

Figure 2.16. The color of the CD diluted solution after 10 hours later under daylight
(left) and UV-light (right) from left to right (5h,6h,7h,8h,9h,10h)

Zuo et al reported that red-emitting oligomeric carbon dots synthesis by using o-
phenylenediamine and tartaric acid. However, while the red emission carbon points were
desired to be synthesized, the green emission carbon point was obtained. And all rection

images was shown in Figure 2.17.
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Figure 2.17. After the reaction, every hour was be taken (2,4,5,6 hours from left to
right)

Figure 2.18. After reaction every hour solid particle was diluted with ethanol under

daylight (left) and UV-Lamp (right) (2,4,5,6 hours from left to right)

Zuo et al succeed in synthesizing green-emitting CDs by using o-
phenylenediamine and tartaric acid. According to the article, they want to synthesize red
emissive organic oligomeric carbon dots but we do not obtain red fluorescence emission
CDs. The UV-vis absorption spectra of L-ODs reveal two absorption bands at 250-300
and 450-600 nm, which correspond to the n—n* transition of C=N or C=C and n—n* of
C=0 or intermolecular hyperconjugation, respectively, according to the paper. On most
CDs with fluorophores, you'll see wavelength-dependent fluorescence. But the end of the
experiment, only one absorption peak was observed at 450 nm as shown in Figure 2.19.
Also, a PL emission peak was observed at 525 nm when excited at 430 nm as shown in

Figure 2.20.
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Figure 2.19. The UV-vis absorption spectrum of CDs at 6 hours
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Figure 2.20. Emission spectra of prepared CDs under excited at 430 nm
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2.2.4.3. Red Luminescent Experimental Results

First experimental procedure results, products of these 8 different synthesis
experiments gave different pH values (Table 2.2), whose color varied from purple to red.
Then each sample was diluted with water and all samples results were shown under UV-

lamp in Figure 2.21. As a result, solvent effects on the reaction were observed.

Figure 2.21. a) o-PD with HCL for 1,2 and o-PD with HNO3 for 3,4 and b) p-PD with
HCL for 5,6 and P-PD with HNO; for 7,8 samples, respectively under UV-
Lamp

According to the article; HCL(50 puL) plays a vital role in the formation of red fluorescent
CDs. And also, HNOs plays an important role in synthesizing red CDs. The UV-vis
absorption spectrum of nitrogen-doped carbon dots (N-CDs) exhibits a characteristic
band centered at 277 nm and two weak absorption peaks at 413 and 475 nm in the range
of 410-630 nm because of n-n* transition of C=C bond, and n-n* transitions of C=N and
C=0 bonds. The UV-vis absorption spectrum of red emissive CDs exhibits at 400 nm and
500 nm but the PL intensity of these types of CDs has not the high quality of red emission

was shown in Figure 2.22.
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Figure 2.22. All UV- vis absorption spectrum of N-CDs for a)o-PDs and b)p-PDs

2.2.5. Conclusion

In this study, blue, green, and red emission and high-quality carbon dot
nanoparticles were synthesized by using a hydrothermal method in an autoclave and two-
necked bottom flask. Different kinds of carbon sources like citric acid, p-benzoquinone
and o-PDs, p-PDs, and amine sources which names are ethylenediamine, urea, L-cystine,
tartaric acid create a different color of CDs under UV-lamp. We want to synthesize high-
quality blue luminescent carbon dots because it was easy to synthesize by using the
hydrothermal method. Firstly, it was desired to achieve the best result by trying 2
synthesis methods for the synthesis of blue and green carbon dots, which are easy to
synthesize. Using autoclave, materials are synthesized at a certain pressure and under a
certain temperature, but when the pressure and temperature of the gas inside cannot be
followed, this method is not given high-quality CDs. Therefore, the test results could not
be optimized because the autoclave method used was not controllable for synthesizing
process. After increasing only the amino modification for the synthesis of carbon dots,
we had difficulty synthesizing the material in the green and red regions. Also, adding
some functional groups, polymers, defects and state of edges was important for surface
configuration. And solvent effects were important to act synthesizing high quality of CDs.
After all, procedures choosing the best method and compounds to synthesize highly

fluorescent CDs will mention in below side(2.3)
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2.3. Synthesis of N,S-Carbon Dots, and Gold Nanoparticles

2.3.1. Experimental

2.3.1.1. Reagents

The Citric acid (99.9%), Dimethylformamide(99.9% ), ethanol (99.8) %were
purchased from Sigma —Aldrich. Thiourea (99.9% ) were purchased from Alfa Easer.

2.3.1.2. Characterization of Carbon Dots

Firstly, Absorbance and Photoluminescence and quantum yields measurement by
Edinburg FS5 Spectrophotometer (IYTE-MAM), Particle size measurement was
measured by DLS (Malvern ZS-Zetasizer) (IYTE) SEM analysis SEM-EDS and High-
Resolution SEM images analysis was measured by using FEI, QUANTA 250 FEG (IYTE
MAM). XRD pattern was measured by Philips X’Pert Pro (IYTE MAM). The
ultracentrifuged method was measured by OPTIMA MAX-XP (IYTE MAM).
Lyophilization was used to obtain powder by using LABCONCO (IYTE). Also, Fourier
Transforms Infrared Spectroscopy( FT-IR/PERKIN ELMER FRONTIER) was used.

2.3.1.3. Synthesis Method of N,S-Carbon Dots

Here, highly luminescent carbon dots in the visible region was synthesized. Two
different types of methods were mentioned in this chapter. Firstly, all reaction was tried
to synthesize by using autoclave, after reaction type was changed by using a two-nacked

bottom flask.
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2.3.1.4. Using Autoclave

All reaction was synthesized in a Teflon-lined autoclave at 160 °C for 6h. This
system was developed for an experimental procedure for hydrothermal reaction under
constant pressure and heating the reaction by using an oil bath. But this system is not
controllable for the synthesizing process. After the end of the reaction, a carbon dot can
be obtained by using Teflon-autoclave. All reaction mechanisms were illustrated in

Figure 2.23. and shows the reaction experimental apparatus Figure in 2.24.

Pressure gauge

Cooling
water
f Sampling
}E tube

Thermocouple .
|~ Reactor

| Stirring
Heater s

Figure 2.23. A schematic illustration of the reaction apparatus for Teflon-lined

Autoclave

Figure 2.24. Images of a reaction mechanism
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2.3.1.5. Two-Necked Round-Bottomed Flask

Firstly, thiourea and citric acid were mixed in DMF (20 mL) solution. And then,
the mixture was transferred into a two-necked round-bottomed flask and heated at 160
°C. After 5 hours, 1 mL of sample was taken from the reaction. End of the 6 hours, the
reaction was completed. After cooling room temperature, samples were imaged under

UV-Lamp.

Figure 2.25. Reaction mechanism images of Two-Necked Round-Bottomed Flask

The second method is to synthesize carbon dot synthesis by using different
parameters with another method which name is a two-nacked bottom flask. The weight
of the 1:2 mixture is citric acid and thiourea. Then, 15 mL of DMF solvent was added to
the solution and the reaction was stirred until a white solution was obtained. After all
processes, the reaction was put into two nacked bottom flasks and heated under nitrogen
gas and all mechanism was illustrated in Figure 2.26.a). And 4 hours of reaction, the
reaction was allowed to cool. DMF was used in the synthesis of the reaction and we had
difficulty in obtaining the material in powder form because the DMF boiling point was
very high. First of all, we tried to remove the solvent as much as possible by attaching it
to the rotary evaporator, then an oil vacuum was applied. The second method, the
lyophilizer was applied after waiting for -80 °C in the freezer. However, solid material
could not be obtained. This lyophilizer method was not suitable for solidifying high
boiling point materials such as DMF DMSO, because the small amount of DMF

remaining in it affects the strength of the vacuum. We tried to separate the carbon dot
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points in the material by establishing the Colon Chromatography, but it was not preferred
due to the use of too much solvent and the long process. As a result of all these, it has
been contributed to the literature by applying the ultracentrifuge method to obtain the
powder part from the solvent in high milliliters for half an hour at 40,000 rpm by diluting

it with ethanol solvent. All reaction procedures was shown in Figure 2.26.b).

a)
Citric acid
DMF

b)

Figure 2.26. a) Systematic illustration for synthesizing N,S-CDs b) images of the
reaction characterization set-up by using Ultra Centrifuged Method
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2.4. Synthesis of Gold Nanoparticles (AuNPs)

2.4.1. Experimental

2.4.1.1. Reagents

Hydrogen tetrachloroaute (III) trihydrate HAuCl4.3H20, 99%, sodium
borohydride (NaBH4, 99%) used for synthesizing gold nanoparticles supplies by Sigma

Aldrich. Ultrapure water was obtained from Millipore instrumentation.

2.4.1.2. Characterization for Gold Nanoparticles (AulNPs) Synthesis

Optical and Structural techniques were used to synthesize AuNPs. The spectrum
of UV-Visible absorption was measured by using Varian Cary 50 UV-Visible
Spectrometer and Edinburg FS5 Spectrophotometer. Dynamic Light Scattering (DLS,
Malvern Zetasizer-ZS) was used to measure size distribution and zeta potential. Also,
structural characterization of a particle was measured by using a field emission scanning
electron microscope (FEI, QUANTA 250 FEG) for scanning electron microscopy (SEM)

analysis.

2.4.1.3. Synthesis of 40 nm Gold Nanoparticles (AuNPs)

Turkevich’s method was used to synthesize gold nanoparticles.”® Also, trisodium
citrate (Na3CgHs0O7) is a reducing agent in an aqueous solution. 50 mL of water and 0.25
mM HAuCls (Chloroauric Acid) were mixed into 100 mL of ballon and heated the
temperature to approximately 120 °C on a hot plate by using a condenser system. 0.3 mL
of trisodium citrate was added to the reaction after sea the boiling of water. And waiting
15 minutes, the reaction color was turned to a bright red solution. And the reaction was
waited in the stirrer at 90 °C for 30 minutes to remain stable. AuNPs were obtained after

centrifuging process (4000 rpm 10 minutes).

74



2.5. Result and Discussion

In this study, green to red emission carbon dot was preferred to synthesize because
these types of carbon dots can be applicable for imaging. Citric acid, thiourea, and DMF
solvent were used to synthesize high luminescent emission CDs. Firstly, N,S-CDs was
synthesized by trying different reaction temperature rising from 160 °C to 200 °C and

different method using an autoclave, and a two-nacked bottom flask.

2.5.1. Results of Autoclave Method

After obtaining results, the absorbance spectrum of the N,S-CDs was diluted in
different solvents as shown in Figure 2.27. According to the absorption peak, optimum
emission peaks exhibit at 350 nm, 500 nm and give a shoulder peak at 550 nm. And these

peaks give the m—m* transition C=C band, while the n—n* transition gives the C=N band.

1.0+
— DMF solvent
—— Methanol solvent
0.8 - —— DMSO solvent

0.6 1

Absorbance

300 400 500 600 700
Wavelength(nm)

Figure 2.27. UV—vis absorption spectra of N,S-CDs in different solvent
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Figure 2.28. Reaction images of N,S-CDs in DMSO, DMF, and Methanol, respectively
under daylight (left) and UV-Lamp (right)

According to Figure 2.29, when the solvent of the reaction was changed, the
photoluminescent of spectra was shifted green to red emission of the spectrum. DMSO
DMF and ethanol solvent were used to measure PL spectra. If the solvents are more polar,
PL emission was shifted to the red emission range. Because spectrally, we can divide the
shift in two ways as general solvation effect and specific solvation effect. The general
solvation effect is the polarity change of the solvents, the specific solvation effect is due
to the hydrogen bonds, internal charge transfer, probe-probe interactions between the

probe and the solvents.

Hydrogen bonding in protic solvents is stronger than in aprotic solvents, thus giving larger
spectral shifts and resulting in shorter fluorescence lifetimes. It is known that the
photoluminescence (PL) property of carbon dots is dependent on the H bond effect.
Carbon dots exhibit different emission ranges in protic and polar aprotic solvents and are
known to form strong H bonds in these solvents. When DMSO solvent is added to the
solution, nitrogen atoms on carbon dots form strong Hydrogen bonds with DMSO,

shifting the emission energy level and spectral shift to red.
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Figure 2.29. Photoluminescence Spectra of N,S-CDs in a)DMSO b)DMF with an

excitation wavelength of 350 to 550 nm

Photoluminescence lifetime is another optical parameter for CD synthesizing were

measured by using Time-correlated single-photon counting (TCSPC) system in different
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solvents. These obtaining CDs decay curve excitation with 450 nm laser is shown in
Figure 2.30. It is known that in excited states, 3 different photophysical processes occur
and these carbon dots have 3 different decay times. These findings show that at the excited
states, three separate photophysical processes take place. The fastest decay time is 11 ns
with 50% contribution, the slowest decay is 1 ns with 11% contribution in DMSO
solution. Another is the fastest decay time is 10 ns with 60% contribution, the slowest
decay is 0.7 ns with 4.7% contribution in DMF solution as shown in Table 2.3. In
particular, the proportion of Tl declined from 1.05 to 0.76 percent, while the proportion
of 13 grew from 50.05 to 60.93 percent, showing that the carbon core's contribution to N-
Cdot emission reduced with time, whereas surface states such as function groups became

increasingly.

Table 2.3. The lifetime values and relative percentages of each process for carbon dot

synthesized
S 1 (ns) * (ns) * (ns) * (ns) 2
ample | T1 (nS T2 (NS T3 (NS Taverage (1S
P Rel; Rel Rels ¢ x
DMSO | 1.05 | 11.72 | 3.36 | 3823 | 11.32 | 50.05 8.25 0.949
DMF | 076 | 475 | 3.95 [ 3432 | 10.62 | 60.93 9.42 1.049

7000
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50004 ——inDMSO
——in DMF
4000

3000

Fluorescence Count
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Time(ns)

Figure 2.30. A lifetime of N, S-CDs in DMSO and DMF

78



2.5.2. Results of Two-necked Bottom Flask

And all solution was diluted with DMF and the UV absorption spectrum was

shown in Figure 2.31. In here, best timing analyzed for synthesizing process.

a)
1.4+
1.2+
—— After 5h
1.0 —— After 6h
8
c 0.8
®©
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8 06+
Q
<
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0.2 1
0.0 T T T 1
300 400 500 600 700
Wavelength(nm)
b)

Figure 2.31. UV—vis absorption spectra of N, S-CDs in different time at Sh and 6h and
reaction images under daylight(left) and UV-Lamp(right) for Sh(left) and
6h(right)

As a result of carbon dot synthesis prepared at different time intervals, it was
observed that the emission wavelength of the sample shifted to the right when the
excitation wavelengths between 350 and 520 nm were changed as shown in Figure 2.32

and Figure 2. 33. When the excitation is at 400 nm, the maximum emission peak is at 500

nm.

79



——350nm
—— 370nm
—— 400nm
—— 450nm

200000 - ——470nm

E)
S
2
2 100000 -
[0}
=
0 T T T T
300 400 500 600 700 800
Wavelength(nm)

Figure 2.32. Fluorescence emission spectra of N,S-CDs for 5h with the excitation

wavelength of 350 to 520 nm
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Figure 2.33. Fluorescence emission spectra of N,S-CDs for 6h with the excitation

wavelength of 350 to 520 nm



The emission spectrum of CDs of a DMF solution was shown top-side for 5 and
6 hours. According to the article’ ; At 300 nm to 500 nm as excitation wavelength, the
CDs show maximum emission gradually increases from 375 nm to 590 nm. Here, when
exciting the CDs with 350, 370, 400, 450, 470, 500, and 520 nm, the emission peak was
shifted from 450 to 600 nm as shown in Figure 2.32 and Figure 2.33. Also, all excitation-
emission and quantum yield was shown in Table 2.4 and Table 2.5. According to these
results, 20 mL solvent was used and time was stable at 160 °C. As a result of the time-
dependent increase, the quantum yield increased slightly. increasing the excitation

wavelength from 350 to 520 nm, the emission peak red shifted from 450 to 600 nm

Table 2.4. All Quantum yields of CDs in different excitation, emission wavelength for

Sh
Excitation .. Time
uantum PL Emission
cos | g @) | Vavelength b k(nm) dhours)
(nm)

1 2.83 350 455 5
2 4.76 370 458 5
3 10.2 400 473 5
4 16.7 450 531 5
5 19.3 470 540 5
6 10.5 500 571 5
7 9.1 520 578 5

Table 2.5. All Quantum yields of CDs in different excitation, emission wavelength for

6h

Quantum B i PL Emission .
CDs Yield (%) Wavelength e ) Time(h)
(nm)
1 3.57 350 456 6
2 5.77 370 459 6
3 12.2 400 478 6
4 21.5 450 530 6
5 23.6 470 540 6
6 11.4 500 571 6
7 9.12 520 581 6
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Figure 2.34 shows time-resolved PL decay curves to further investigate the
impacts of surface states and intrinsic states. The recombination activity in the carbon
core after 5 h expression is attributed to a short-lived 1 component with a lifetime of
about 1.17 ns, while the recombination process at the surface is attributed to a long-lived
13 component with a lifetime of about 12.58 ns. Another recombination activity in the
carbon core at the end of the 6 h synthesis process is attributed to a short-lived 1l
component with a lifetime of about 0.76 ns, further the recombination process at the
surface is attributed to a long-lived 13 component with a lifetime of about 11.79 ns. All
results are shown in Table 2.6. The weighted average PL lifetime is estimated to be 10.32

ns for 5h and 9.87 ns for 6h.

Table 2.6. The lifetime values and relative percentages of each process for carbon dot

synthesized for 5h and 6h

% % % )

Sample | 1 (ns) Rely T2 (ns) Rely T3 (nS) Rels Taverage (1NS) X

Sh 1.17 6.65 4.59 | 48.01 | 12.58 | 45.35 10.32 1.093

6h 0.76 3.92 4.15 46.2 11.79 | 49.88 9.87 1.007
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Time (ns)

Figure 2.34. The lifetime of N,S-CDs for 5h and 6h in DMF



Also, the same procedure was repeated by using the different volumes of DMF
solvent. 4.0 g of thiourea and 2.0 g of citric acid were mixed in 15 mL and 20 mL of DMF
solution. And then, the mixture was transferred into a 100 mL two-necked round-
bottomed flask and heated at 240°C for 4h under Nitrogen gas. After 4 hours, the reaction
was complete and the reaction was left at room temperature until it had cooled. The UV-
absorption spectrum of samples exhibited three absorption peaks at 347 nm, 451 nm, and
give a shoulder peak at 502 nm for DMF at 240 °C for CDs solution as shown in Figure

2.36. And all reaction images was shown in Figure 2.35.

Figure 2.35. Reaction images for CDs sthesis by using 20 mL(left) and 15 mL (right)
under UV light

—— CA+thiourea using 15 mL DMF
—— CA+thiourea using 20 mL DMF

Absorbance

300 400 500 600 700 800
Wavelength(nm)

Figure 2.36. The UV-vis absorption spectrum of N,S-CDs for 15 mL and 20 mL DMF

solution

CDs solution of PL spectra was shown in Figure 2.37 and Figure 2.38 where is
changeable of emission wavelength when changed the exciting wavelength of 350 to 500

nm. The maximum emission wavelength of CDs solution is 540 nm. Its difference from
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other carbon dot synthesis is that it takes place at high temperatures. When using high
temperature and 15 mL of DMF solution, the photoluminescence emission intensity
increased compared to the other procedure. According to these results, the quantum yield
was estimated as 17.9% for preparing 15 mL of DMF solution also, the quantum yield
was estimated as 18.4% for preparing 20 mL of DMF solution in the same concentration

as shown in Table 2.7. There are no big differences in the quantum yield of these results.

Table 2. 7. Table of estimated QY for carbon dots using 15 mL and 20 mL of DMF

solvent
oY Excitation Emli)sI;ion e
CDS o Wavelength Figures
(%) peak (h)
(nm)
(nm)
15 mL DMF 17.9 470 550 4 Figure 2.37
solvent
20 mL DMF 18.4 470 550 4 Figure 2.38
solvent
180+
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S 1004
g 80
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40-
20
0
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Wavelength(nm)

Figure 2.37. Fluorescence emission spectra of N,S-CDs for 4h with the excitation

wavelength of 350 to 500 nm in 15 mL DMF at 240 °C
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Figure 2.38. Fluorescence emission spectra of N,S-CDs for 4h with the excitation

wavelength of 350 to 500 nm in 20 mL DMF at 240 °C

In the light of all these studies, we were able to synthesize N,S CDs that emit
photoluminescence in the blue-green region, but we were able to synthesize these carbon

dots with AuNPs to increase the emission intensity.

Second experimental results, the same optical and structural characterization
method was applied for observing only N,S-CDs synthesis by using powder after
characterization process. Thiourea and citric acid were mixed in DMF (15 mL) solution.
After centrifuging process, powder solution was obtained and all solution was diluted
with DMF and UV absorption spectrum was shown as Figure 2.39 by using Edinburg FS5
Spectrophotometer. According to the absorption peak, optimum emission peaks exhibit
at 350 nm and give a shoulder peak at 470 and 500 nm. And these peaks relevant to the
n—m* transition gives the C=C band, while the n—* transition gives the C=N band.
Reaction images were shown in Figure 2.40 demonstrating that green-luminescent was

obtained.
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Figure 2.39. UV-visible absorption spectrum for N,S-CDs

Figure 2.40. Reaction images for N,S-CDs synthesis at 240 °C

CDs solution of PL spectra was shown in Figure 2.41 where is changeable of

emission wavelength when changed the exciting wavelength of 300 to 550 nm. The

maximum emission wavelength of CDs solution is 530 nm. The QY yield of reaction

was estimaed as %14.2.
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Figure 2.41. Fluorescence emission spectra of N,S-CDs for 4h with the excitation

wavelength of 300 to 550 nm in 15 mL DMF at 240 °C

2.5.3. Gold nanoparticle (AuNPs) Synthesis

In this study, firstly AuNPs were synthesized with the combination of N,S-CDs
solution. The reaction was adjusted by trying different concentrations of AuNPs. The
formation of the AuNPs was measured by using absorption spectroscopy and DLS
measurements. This particle size and surface potential were measured and as found as -
40 mV, -30 mV. And all procedure formation of the spherical sphere of particle images
was supported by using SEM measurement. Optical characterizations of the synthesized
gold nanoparticles were measured using the UV vis spectrophotometer, utilizing its
distinctiveness by showing a specific peak centered around 510 nm to 540 nm. Figure
2.42 shows the optical and structural characterization of AuNPs produced by the
interaction of HAuCls with NaBH4 in water under ambient conditions. According to this
graph, The UV-absorption spectrum of samples exhibited at 540 nm. All these conditions

were supported by using DLS measurements and a Scanning electrin microscope (SEM).
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The surface potential of particles was estimated as -37 mV and -22.0 mV. These results

were supported by using SEM measurements as shown in Figure 2.43.
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Figure 2.42. UV-visible spectrum for 40 nm of gold nanoparticles

Figure 2.43. SEM images for 40 nm gold nanoparticles (AuNPs)
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CHAPTER 3

SYNTHESIS AND CHARACTERIZATION OF CARBON
DOTS WITH GOLD NANOPARTICLE

3.1. Introduction

Carbon dots are designed to improve the adsorption capacity and catalytic activity
of gold nanoparticles (AuNPs) thanks to some functional groups such as -OH, -COOH,
C=0 on their surface. There are many different ways to synthesize carbon dot reactions

with gold nanoparticles. According to Liu et al, **

using sodium hydroxide and
polyethylene glycol (PEG-200) were able to synthesize CDs using the reflux method at
6h for 120 °C. After producing carbon dot solution, gold nanoparticle was synthesized.
When all process was completed, two reactions were mixed under room temperature.

According to this article, AuNPs was surrounded by carbon dot.

Zheng et al,”

succeeded in synthesizing carbon dots at 150 °C by microwave method by
using citric and urea. After this procedure, gold nanoparticles are synthesis when the
addition of carbon dot solution. In this synthesis, while the gold nanoparticles were being
synthesized, the synthesized carbon dot solution was added to the medium, and
AuNPs@CDs nanocomposites were synthesized in sodium polyacrylate-HAuCls.
According to this article, carbon dots were used as conventional reducing agents and acted
as both electron donors and acceptors. However, the sem images of the study showed that
carbon dots were attached around the gold nanoparticles. Considering the PL emission
peak of this article, the emission intensity of AuNPs-CDs at 524 nm is quite low. This is

because, during the formation of AuNPs-CDs, electrons are transferred from the shell of

the carbon dots to the core of the gold nanoparticle.

Song et al,”® synthesized carbon quantum dots with emission at 300 nm by heating
a solution of chitosan and acetic acid by hydrothermal way to 180 °C for 12 hours. After
gold nanoparticles and CQDs were mixed after synthesizing process was done. In
addition, the CQDs/AuNPs combination was employed in a colorimetric technique to

detect iodine ions.
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Zhu et al,”” reported that gold-effect catalysts were used to reduce 4-aminophenol
(4-NP). According to this article, 4-NP is a p-rich molecule in nature. The catalytic
activity of metal nanoparticles for the reduction of 4-NP to 4-AP was effectively enhanced
by NaBHs. High decoration of carbon dots by the catalytic activity of AuNPs can be
enhanced for 4-NP reduction. The room-temperature in situ carbonization of
cetylpyridinium chloride monohydrate (CPC) pre-adsorbed on AuNPs as an organic
ligand has been presented as a practical and straightforward approach for synthesizing
CD-decorated AuNPs (AuNPs/CDs). A nanocomposite of AuNPs/CDs was synthesized
by carbonization at room conditions, while CPC acted as a capping agent for gold

nanoparticles.

In all these literature summaries, we want to synthesize gold nanoparticles with
carbon dot solution. Firstly AuNPs were synthesized. After carbon dot synthesis was
carried out in the presence of gold nanoparticles. Unlike the literature, no addition could
be made while synthesizing gold, and carbon dot and gold nanoparticle were synthesized
not separately and not reacted again. Because the literature summary showed that
materials to act as an linker were used to synthesize gold nanoparticles and carbon
together. Our goal is to generate the high photoluminescence emission of carbon dot

synthesis in the presence of gold nanoparticles.

3.2. Experimental

3.2.1. Reagents

The Citric acid (99.9%), Dimethylformamide(99.9% ) %were purchased from
Sigma —Aldrich. Thiourea (99.9% ) were purchased from Alfa Easer. Hydrogen
tetrachloroaute (III) trihydrate HAuCl4.3H20, 99%, sodium borohydride (NaBH4, 99%)
used for synthesizing gold nanoparticles supplies by Sigma Aldrich. Ultrapure water was

obtained from Millipore instrumentation.
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3.2.2. Characterization

Optical and Structural techniques were used to synthesize AuNPs. The spectrum
of absorption and photoluminescence spectra was measured by using Varian Cary 50 UV-
Visible Spectrometer, Varian Cary Eclipse Fluorescence Spectrometer and Edinburg FS5
Spectrophotometer. XRD pattern was measured by Philips X Pert Pro (IYTE MAM). The
ultracentrifuged method was measured by OPTIMA MAX-XP (IYTE MAM). Fourier
Transforms Infrared Spectroscopy( FT-IR/PERKIN ELMER FRONTIER) was used.
Also, structural characterization of a particle was measured by using a field emission
scanning electron microscope (FEI, QUANTA 250 FEG) for scanning electron
microscopy (SEM) analysis.

3.2.3. Synthesizing N,S-CDs in the presence of AuNPs

Firstly, By applying the gold nanoparticle precipitation process, the concentration
amounts added to the solution from the absorbance value were adjusted. 4.0 g of thiourea
and 2.0 g of citric acid were mixed in 15 mL of DMF solution. After number of AuNPs
per volumes were added to the solution. And then, the mixture was transferred into a 100

mL two-necked round-bottomed flask and heated at 240°C for 4h under Nitrogen gas.

Table 3.1. Table of Experimental Data for CDs with AuNPs (Number of AuNPs is

represented for a given volume of AuNPs)

Number (;ict;;c Thiourea | DMF | Number of | Temperature
(mmol) (mmol) (L) | AuNPs/mL °O)
1 10 50 0.015 | 2.5x10° 240
2 10 50 0.015 | 5.0x10° 240
3 10 50 0.015 | 1.0x10" 240
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In the second experiment, the concentration amounts were kept constant and
different microliters of AuNPs were added to the solution. These AuNPs were observed

to bind to carbon dots when the microliter of AuNPs solution was changed.

Table 3.2. Table of Experimental Data for CDs with AuNPs (Number of AuNPs is

represented for a given volume of AuNPs)

Number (;lct;(;c Thiourea | DMF | Number of | Temperature
(mmol) (mmol) (L) | AuNPs/mL °O)
4 10 50 0.015 | 35x10° 240
5 10 50 0.015 | 58x10° 240
6 10 50 0.015 | 1.06x10" 240
7 10 50 0.015 | 1.7x10" 240

3.3. Result and Discussion

3.3.1. Synthesizing N,S-CDs in the presence of AuNPs with for using
Table 3.1

The absorbance graph of the material synthesized using the data Table 3.1, which
is the result of the combination of AuNPs and N,S-CDs is given in Figure 3.1. According
to the absorption peak, optimum emission peaks exhibit at 350 nm, 470 nm and give a
shoulder peak at 500 nm. And these peaks give the —n* transition C=C band, while the

n—m* transition gives the C=N band.
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Figure 3.1. UV-visible Absorption Spectrum for N,S-CDs synthesizing in the presence
of AuNPs

The different concentrations of AuNPs and N,S-CDs were mixed to obtain gold
nanoparticles with N,S-CDs while other reaction conditions were kept constant as shown
in Table 3.1. As the concentrations increase from 0.05 to 0.1, the photoluminescence
intensity increases at the emission peak at 550 nm. The maximum emission wavelength
of the CDs solution is changeable from 450 nm to 550 nm when changed the exciting
wavelength of 350 to 500 nm. All PL emission peak was observed in Figure 3.2 a)-c) by
using Varian Cary Eclipse fluorescence spectrometers. AuNPs with CDs synthesis of

quantum yields were estimated and shown in Table 3.3.

Table 3.3. All quantum yields for synthesizing N,S-CDs in the presence of AuNPs for
the first synthesis

Excitation | PL Emission
Number ACIIEE 0T QY Wavelength | wavelength Figures
AuNPs/mL (%)
(nm) (nm)
1 2.5x10° 18.7 470 535 Figure 3.2 a)
) 5.0x10° 21.3 470 535 Figure 3.2 b)
3 1.0x10'° 31.2 470 537 Figure 3.2 ¢)
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Figure 3.2. Fluorescence emission spectra of CDs for 4h with the excitation wavelength
of 300 to 550 nm in 15 mL DMF at 240 °C with different amounts of AuNPs
a)1.5x10'°AuNPs/mL b)1.9x10'°’AuNPs/mL ¢)3.0x10'® AuNPs/mL

After all reaction images were shown in Figure 3.3 under day-light (left) and UV-Lamp.

Figure 3.3. AuNPs with CDs solution under day-light (left) and UV-Lamp for 3.0x10'°
AuNPs/mL, 1.9x10'° AuNPs/mL, 1.5x10'® AuNPs/mL from left to right
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3.3.2. Synthesizing N,S-CDs in the presence of AulNPs for using Table

The absorbance graph of the material synthesized using the data Table 3.2, which
is the result of the combination of AuNPs and N,S-CDs is given in Figure 3.4. In the N,S-
CDs solution prepared with 250, 330, and 400 microliters of AuNPs, the absorbance
points are given at 350 and 400 nm and short shoulder peak at 500 nm. If 970 microliters
AuNPs were added and the concentration is kept at 0.1 mol, as a result of increasing
concentration, the emission at 350 nm increases, while other peaks were disappeared.
Also, The black absorbance spectrum given in Figure 3.4 is the absorbance spectrum

given in Figure 2.42.

Only CDs

—— AuNPs and CDs for 4
—— AuNPs and CDs for 5
—— AuNPs and CDs for 6
AuNPs and CDs for 7

Absorbance

500 600 700 800
Wavelength(nm)

300 400

Figure 3.4. UV-visible Absorption Spectrum for all reactions

The maximum emission wavelength of the CDs solution is changeable when
changed the exciting wavelength of 350 to 500 nm for using different microliters of
AuNPs. 200 microliters of AuNPs of PL emission peak were observed at 550 nm when
excited at 470nm (Figure 3.5 b). However, in carbon dot synthesis prepared with 970
microliters of AuNPs, emission peaks are observed at 400 nm when excited at 460 nm as
shown in Figure.3.5d). All spectrum was measured by Varian Cary Eclipse Fluorescence
Spectrometer. Also, reaction images were shown in Figure 3.6 under visible and UV-

irradiation. AuNPs with CDs synthesis of quantum yields were estimated and shown in
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Table 3.4 for each excitation peak. When 3.5x10° number of gold nanoparticle was added

into the solution, the quantum efficiency was calculated as 3.0% at 450 nm. When

1.7x10'° number of gold nanoparticle was used, the quantum efficiency was calculated

as 66.00% at 450 nm. However, when 3.5x10° number of gold nanoparticle was used, the

quantum efficiency was calculated as 14.0% at 550 nm. When 1.7x10'° number of gold

nanoparticle is used, the quantum efficiency cannot be calculated at 550 nm.
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Figure 3.5. Fluorescence emission spectra of CDs for 4h with the excitation wavelength

0of 300 to 550 nm in 15 mL DMF at 240 °C with different amounts of AuNPs
a)1.5x10'° AuNPs/mL b)2.5x10'® AuNPs/mL and ¢)3.0x10'° AuNPs/mL d)

7.4x10'° AuUNPs/mL
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Table 3.4. All quantum yields for synthesizing N,S-CDs in the presence of AuNPs for

the second synthesis

Number 2311\1111‘))51;10]{ (Q(y:{) V%:\c:litli(g)?h Emli)sI;ion T(l]l:; ‘ Figures
(nm) peak(nm)

4 3.5x10° 3 350 460 4 Figure 3.5 a)
14.9 470 537

5 5.8x10° 6 350 443 4 Figure 3.5 b)
23.8 470 535

6 1.06x10'% | 14.5 350 450 4 Figure 3.5 ¢)
37 470 537

7 1.7x10'° | 66.4 350 450 4 Figure 3.5 d)

Figure 3.6. Reaction images for AuNPs with N,S-CDs under visible and UV-irradiation
for 1.5x10' AuNPs/mL, 2.5x10'° AuNPs/mL, 3.0x10'® AuNPs/mL, 7.4x10"
AuNPs/mL from left to right



3.3.3. Synthesizing AuNPs with N,S-CDs for High QY of CDs

After the synthesis of gold nanoparticles with N,S-CDs with high
photoluminescence intensity, it was solidified after the characterization process applied
to the material. The resulting material was dissolved in DMF and absorbance and PL
emission were measured using Edinburgh FS5 Spectrophotometer. According to
literature, do not obtain direct synthesis without linkers. According to Figure 3.7, UV-
visible absorption spectra of 350 nm, 460 nm and short shoulder peak at 500 nm for N,
S-CDs synthesis in the presence of gold nanoparticles. In addition, after the
characterization process of the material in Figure 2.42, the absorbance points give at 350

nm, 470 nm and short shoulder peak at 500 nm for N,S-CDs synthesis.
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Figure 3.7. UV-visible Absorption Spectrum for AuNPs and N,S-CDs (1.0x10'° AuNPs/
mL for 3, 5.8x10° AuNPs/mL for 5, and 1.0x10'® AuNPs/mL for2)

The maximum emission wavelength of the CDs solution is changeable from 450
to 550 nm when changed the exciting wavelength of 350 to 500 nm for using different
number of AuNPs. In Figure 3.8, this type of carbon dots synthesis with gold
nanoparticles has the highest photoluminescent intensity at 550 nm. Table 3.5, All

99



quantum yields were calculated by using a coumarin reference point. According to this

result, the quantum yield of N,S-CDs was found as 14.2%. Also, the quantum yield of

N,S-CDs with gold nanoparticles was changed when the concentration of AuNPs

solutions was changed. If the gold nanoparticles concentration was stable 0.05 from the

0.1 and volume of concentration 250 to 400 microliters, the quantum yield of the reaction

was increased with the addition of gold nanoparticles.

Table 3.5. All quantum yields for AuNPs with CDs

L5 GLELIT Pl Emission Time
CDs QY (%) | Wavelength Figures
peak(nm) (h)
(nm)

N,S-CDs | 14.20% 460 550 4 Figure 2.44

250 uL
AuNPs + | 10.20% 460 537 4 Figure 3.8 a)
N,S- CDs

330 uL
AuNPs + | 19.20% 460 534 4 Figure 3.8 b)
N,S- CDs

400 pL
AuNPs + | 17.10% 460 535 4 Figure 3.8 ¢)
N,S- CDs
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Figure 3.8. Fluorescence emission spectra of CDs for 4h with the excitation wavelength

0of 300 to 550 nm in 15 mL DMF at 240 °C with different amounts of
a)3.0x10'°AuNPs/mL b)2.5x10'°’AuNPs/mL and c) 1.9.0x10'°AuNPs/mL
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3.3.4. FTIR results for All Synthesis

The functional groups of N,S-CDs synthesis were analyzed by the FT-IR
spectroscopy (Perkin Elmer Frontier) whereas all possible chemical band was shown in
Figure 3.9. The O-H bond make the wide band was centered at 3320 cm™'. The presence
of the band at 2974 cm! indicates the stretching vibration bond C-H bending. Another
band at 2067 cm™ indicated the stretching vibration mode of N-C=0. The presence of
amide bonds is visible in the FTIR spectrum, as indicated by their usual peaks of 1648
cm™ and 1180 cm™!, which correspond to C=0 and C-N stretching vibrations. In addition,
the C-O=C stretching vibration has a distinctive peak at 1348 cm’'. The absence of the
band at 1044 cm™! indicating the stretching vibration mode C=S proved that the thiourea
ligand was bound to the nanoparticle surface successfully. And the final bands at 878 cm’

Uindicate the stretching vibration mode of N-H.

[—Only N,5-CDs]
M-C=0
100+ 0-H ;}
o 0-C=0
_ o MN-H
ckO LC N f‘_s/
_ A | }
=2 50 4 M~
0

T T 1 T T T T T T ' T 1
4000 3500 3000 2500 2000 1500 1000 300

Wavenumber (cm ')

Figure 3.9. FT-IR spectra for synthesizing N,S-CDs
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Another FTIR spectra of gold nanoparticles with N,S-CDs were shown in Figure
3.10. The bands at 3320 cm™ 2067 cm™ 1648 cm™, 1180 cm™!, and 1348 cm! are assigned
to O-H N-C=0, to C=0, C-N, C-O=C stretching. The absence of the bands at 1044 cm!
and 887 cm’ indicating the stretching vibration mode of C=S and N-H bonds

demonstrated that gold nanoparticles were bounded to carbon dots via sulfur atoms.
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Figure 3.10. FT-IR spectra for synthesizing N,S-CDs in the presence of AuNPs

3.3.5. XRD Results for AuNPs with CDs

In Figure 3.11 measurement of the XRD pattern of CDs(red line) and AuNPS with
CDs(black line) exhibits a broad peak at around 25° confirming the formation of these
structures, corresponding to the interlayer gap of 3.2 A and the characteristic diffraction
peak (002) of graphite. The honeycomb structure based on sp? hybridized carbon atoms

corresponds to the reflection. Also, the blue line is the AuNPs, a sharp peak was observed.
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AuNPs with N, S-CDs synthesis of the black line did not see a sharp peak because our
percentage of AuNPs was very low. SEM-EDS result also proved this.
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Figure 3.11. XRD pattern for CDs (N,S-CDs) (red line), AuNPs CDs (N,S-CDs
+AuNPs) (black line) c)only AuNPs (blue line)

3.3.6. Scanning Electron Transmission Microscope (STEM) Results
for All Results

Another widely utilized approach is electron microscopy, which may provide
structural information over a wide variety of modifications. Using electrons instead of
light, the morphology and topography of materials are provided by Scanning Electron
Microscopy (SEM), producing an image with a resolution of 100 A to 10 micrometers.
Also, the size and shape information of CDs due to their higher resolution information
can be detectable by using Scanning Electron Transmission Microscope (STEM) when
compared to SEM due to its transmission detector. The energy dispersive X-ray detector,
or EDS, is the most often used SEM device. Using the EDS detector makes it possible to
analyze the composition of the sample taken from a region, point, or line. It is possible to
provide an EDX analysis spectrum with data expressed as an atomic percent or weight
percent. STEM images of carbon dots were shown in Figure 3.12 which has obtained

from 30-50 nm carbon nanoparticles. All images proved that N,S-CDs particles have a
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spherical form. And also, implying that the applied potential as 15.000 kV was important
in determining the size of the C-dots The smaller the C-dots produced, the higher the
applied potential.

IYTERAR

Figure 3.12. Typical STEM images for Carbon Dot synthesis
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In addition to this, according to the SEM-EDS analysis, carbon dots were formed,

while the carbon and oxygen source in it was provided by citric acid, while the nitrogen

and sulfur source came from thiourea. The increase in N, S, O, and C fractions in these

materials proves the formation of N,S-CDs. Figure 3.13, shows SEM-EDS results of N,S-

CDs. In addition, SEM-EDS analysis was carried out in carbon dots synthesized 3 months

ago and no difference was found proportionally as shown in Figure 3.14.

Electron Image 3
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Figure 3.13. SEM-EDS analysis for N,S-CDs
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Electron Image 1
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Figure 3.14. SEM-EDS analysis for N,S-CDs for synthesized 3 months ago

Then, to find out how gold nanoparticles and carbon dots affect each other, an

image was obtained by applying. Because gold has a greater molecular weight and is

denser than carbon dots, electrons pass through this point more. Thus, while electrons

encountering more atoms appear darker, they take on a lighter color as they pass through

the less dense area, which shows us the carbon dots formed as shown in Figure 3.15.
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Figure 3.15. Typical STEM images for N,S-CDs synthesizing in the presence of
AuNPs
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Also, SEM-EDS results of gold nanoparticles with N,S-CDs solution was

analyzed and all atomic percentage of these compounds was shown in Figure 3.16. High-

resolution images showing the distribution of an element are obtained from high-energy

electrons, and a backscattering detector was used for this. Backscattered electrons differ

according to the weight of the elements, and so because of their larger nuclei, heavier

elements can deflect incoming electrons more strongly than lighter elements. Heavy

elements with a larger atomic number appear brighter than other lighter elements because

more backscattered electrons are emitted from the sample surface. Here, gold

nanoparticles percentages are very low as found in particles because my material looks

dark because it is a carbon dot, and the device has difficulty detecting it because gold is

embedded in the material.

Electron Image 6

Element Wt% Atomic %
C 41.12 48.37
N 21.74 21.93
O 30.48 26.91
S 6.27 2.76
Au 0.39 0.03
Total: 100.00 100.00

Figure 3.16. SEM-EDS analysis of N,S-CDs synthesizing in the presence of AuNPs

110



CHAPTER 4

BIOLOGICAL IMAGING OF CARBON DOTS

4.1. Introduction

In general, CDs are used mostly for fluorescence imaging, particularly
bioimaging. Carbon dots that emit blue are difficult to apply in bioimaging because of the
blue autofluorescence of the biological background and the destructiveness of ultraviolet
or blue light for excitation. For this reason, the synthesis of carbon dots with red
fluorescence emitting with high photoluminescence emission and low cytotoxicity has an
important place for biomedical applications to obtain high-quality bioimaging.”®*® Zhang

et al.!%

succeeded in synthesizing N, S-CD in 16 hours at 160 degrees using p-
phenylenediamine and cysteamine hydrochloride. They were able to visualize carbon dots
with minimal cytotoxicity and excellent biocompatibility, showing bright yellow-green
emission when excited with a 405 nm laser, in MCF-7 cells by in vitro cellular uptake.
Lin et al. %! succeeded in synthesizing multicolor CDs that emit ions in different regions
by solvothermal pathway using o-PD, m-PD, and p-PD. These different nitrogen-doped
carbon dots have been used for low cytotoxicity and cellular imaging under single
wavelength excitation. In addition, these carbon dots performed bioimaging proving that

they are in the cytoplasmic regions of MCF-7 cells with confocal micrographs as a result

of 405 nm laser excitation.

Gao et al.,'” using (3-aminopropyl)trimethoxysilane (APTMS) and glycerol,
were able to synthesize fluorescent emission carbon dots by hydrothermal route at 260
°C for 12 h. These carbon dots, which have easy synthesis, water solubility, appropriate
biocompatibility and high fluorescence properties, can efficiently distinguish cancerous
cells from normal cells and visualize their mitochondria. Guo et al.!®® succeeded in
synthesizing fluorescent carbon dots at 160 degrees for 10 hours by microwave method

using citric acid and N,N-dimethylaniline.

In this study, it was used in unique cell imaging and biological applications
without a washing process that can switch between mitochondria and nucleolus. Using

m-phenylenediamine and L-cysteine, Hua et al.! succeeded in synthesizing fluorescent
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carbon quantum dots that are easily dispersed in water by a hydrothermal route at 160 °C
for 10 hours. Perform nucleus imaging and nucleus targeting at the end of synthesis uses

105 gucceeded in

drug delivery in organelle-targeted imaging for cancer therapy. Ji et al.
synthesizing carbon nanodots by microwave using citric acid and urea. Considering that
these dots perform an energy-dependent transport within the cell with low cytotoxicity,
they mostly target mitochondria, and as a result, they have been used in applications of
bioimaging and antioxidation fields in A549 cells. Su et al'® succeeded in synthesizing
red carbon dots emitting in the red region after 1 hour at 195 °C by hydrothermal route
using 4-Aminophenol and KIO4. As a result, they used carbon dots with 20.1% quantum
efficiency, which are water-soluble, can be synthesized in one dimension and enter the
nucleus, and exhibit a killing effect on tumor cells. As a result of all these studies, it has
been tried to synthesize carbon dots with high quantum efficiency, water solubility

feature, no toxic effect in the cell, and high photoluminescence feature to be used for

imaging in cancer cells.

4.2. Experimental

4.2.1. Materials

Citric acid and DMF were used for synthesizing carbon dot solution was
purchased from supplier Sigma Aldrich. Also, Thiourea was a supplier from Alfa Easer.
Cell mediums DMEM/F-12 (Dulbecco’s Modified Eagle Medium/Nutrient Mixtiure) and
other solutions FBS(Fetal Bovine Serum), L-glutamine, Pen-strep (penicillin), Trypsin

EDTA were obtained from Biological Industries.

4.2.2. Instrumentation

Optical and structural techniques were characterized for synthesizing carbon dots.
Absorbance and Photoluminescence and quantum yields measurement by Edinburg FS5
Spectrophotometer. Particle size measurements were measured by DLS (Malvern ZS-
Zetasizer) (IYTE) SEM analysis SEM-EDS and High-Resolution SEM images analysis
was measured by using FEI, QUANTA 250 FEG. Fourier transform infrared
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Spectroscopy was measured by using PERKIN ELMER FRONTIER. Also, Confocal
Microscope (Andor Revolution) was used to image cells by taking 20X and 40X

objectives as shown in Figure 4.1.

Figure 4.1. The Confocal Microscope

4.2.3. Cell Culture

The cellular uptake and distribution of produced carbon dots were investigated
using an A549 cell which was obtained from the ATTC (Amerikan Culture Collection).
The basal medium contains these solid materials, 10% FBS (fetal bovine serum),%]1
penicillin, and L-glutamine. In a humidified incubator with 5% CO-, cell culture was kept
at 37°C. Discard the old medium from the cell culture. After 1 mL of PBS buffer was
used to wash, discarded into the PBS buffer into the cell culture. 1 mL of trypsin was
added to the solution and put in the incubator for 3 minutes at 37°C with 5% CO,. After
7 mL of medium was added because inactivating of trypsin solution. Finally, these cells

were a seed in the six-wall plate.
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4.2.4. Cytotoxicity Assay

4.2.4.1. MTT Assay

The intracellular viability of carbon dots was determined using the colorimetric
MTT assay by using A549 cells. 4500 cells were seed in 100 pL. DMEM solution for each
well in 96 well plates. Cell medium was removed after overnight incubation and replaced
with 100 pL of medium treated with different concentrations of carbon dot solution
(0.1/1.0/50.0/100.0 pg/mL). Cells were incubated for another 24 hours to investigate the
toxicity of carbon dots added to the cell.

After the incubation process, carbon dot with the medium was removed, and then,
10 uL MTT in including 100 pL medium was added and incubated for 4h.

After 4h incubation, 100 pL DMSO was added to each well and kept on shaker
another 15 minutes. The absorbance of each cell was measured by using a

spectrophotometer at 540 nm.

4.2.4.2. Colony Formation Assay (CFA)

1500 cells (A549) were seeded into each well in 6 wall plate. Before this
procedure, cell number was optimized for CFA assay. After this procedure cell was
incubated for 24h because of the attachment of these cells to the bottom of the flask. After
the carbon dot in different concentrations (0.1/1.0/50.0/100.0 pg/mL) was added and
waited in an incubator for another 24h.

After CD was included, the medium was replaced with a fresh medium. After, 7
days was waited because of controlling colon information process.

Finally, removed the media, each cell was fixed and cell colony staining was
performed with a crystal violet solution containing paraformaldehyde (PFA). ImageJ was

used to count for stained cell colonies.
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4.2.5. Immunofluoresence Imaging of C-dots

Immunofluoresence imaging procedure was applied to. 250.000 cells (A549) were
seeded into each well in 35 mm of the cell culture dish. After, the cell was incubated for
24h. 50 pg/mL of carbon dot solution was added to the dish. Live-cell images were taken
with confocal microscopy 3 hours later. In addition to this, the carbon dot solution was
taken and washed with PBS solution. After 6 hours, imaging was taken again. Another
procedure is that remove the medium and rinse with PBS and fixation methanol was added
to fix the cells. Permeabilize cells with PBS buffer containing Triton-X-100 for 5 minutes
gentle rockings. After rinsing once with PBS and add 70% of ethanol and pick up
coverslip to dry. After the dried process, DAPI was added to visualize nuclei of cells.

Finally, cell images were taken with confocal microscopy.

4.3. Result and Discussion

4.3.1. Confocal Imagining for Live Cells

To detect intracellular localization of CDs A549 cells were treated with 50 pg/mL of
carbon nanoparticles. To detect nanoparticles with or without targeting capabilities,
optical approaches rely on scattering contrast. After 3 hours of the incubation process,
light scattering characteristics of CDs were imaged by confocal microscope using a bright
field and 532 nm laser as shown in Figure 4.1. After 6h of incubation, CDs medium
removed and cells rinsed with PBS and fresh media added. Live cell imaging was taken
in the period of incubation and after the washing process by using bright field and 488

nm, 532 nm laser in the confocal microscope.

Red spots were observed in all treated cells, which are referred to as carbon dots
and these dots were imaged by using a 532 mm laser. Green spots were observed in all
treated cells, which are referred to as carbon dots and these dots were imaged by using a

488 mm laser. All confocal imaged of A549 cells were shown in Figure 4.2.
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Figure 4.2. Confocal images of A549 living cells incubated with 50.0 pg/mL for 24
hours by using 532 nm laser and 488 nm laser. Cells observed bright fields

by using confocal microscopy.

Live cell imaging of CDs treated A549 cells, confocal imaging taken in the period
(3 h) of incubation, shows CDs targets nucleus. After 6 h of incubation, CDs were
removed, cells rinsed with PBS, and the culture medium was replaced with a fresh one.
After-washing images show that CDs are still located in the nucleus. To make sure about
CDs targets, the same treatment procedure was applied and cells fixed, afterward, DAPI

was used as a nucleus dye.

4.3.2. Confocal Imagining for Fixed Cells Treated with CDs

AS549 cells were treated with 50 pg/mL of carbon dots after 6 for analyzing nuclear
localization of CDs. After that cells were fixed by methanol and the cell nuclei stained
blue with DAPI and cell imaged captured by the confocal microscope. After staining the
nucleus of the cell with DAPI, images taken with carbon dots were compared.
Immunofluorescence images show that carbon dots target the nucleus as shown in Figure
4.3. In here, nucleus stained by DAPI which shown in Figure 4.3, it is blue imaged
captured. And also, After CDs were imaged by confocal microscope using and 532 nm

laser as shown in Figure 4.3 and red spots were observed.
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Figure 4.3. Confocal images of A549 living cells incubated with 50.0 ug/mL for 24
hours by using a 532 nm laser. Cells observed bright fields by using confocal
microscopy. Nucleus was stained DAPI (blue), merged images of darkfield

and blue fluorescence
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Confocal image of fixed A549 cells treated with 50 ug/mL CDs for 6h, stained
with DAPI. CDs detected by 488 (A) and 532 nm (B) channels. Colocalization analysis
between CDs and DAPI made by Coloc2 plugin in ImageJ. Analyzed only a region of

interest by making an ROI (region of interest) as shown in Figure 4.4.

Pearson's R value:0.60

Pearson's R value: 058

Figure 4.4. Colocalization Analysis (A) 488 and (B) 532 nm channels

4.3.3. Results for MTT Assay

The cytotoxicity of the prepared CDs was tested on A549 cells by colorimetric
MTT assay. Cells were treated with concentrations of 0.1, 1, 10, 50, 100 and 150 pg/mL
of CDs solution. After 24 h labeling, the viability of the cancer cells was measured by
MTT assay. In Figure 4.5, CDs stimulated proliferation at a very low concentration (0.1
ug/mL) up to 10 pg/mL, after which viability declined with increasing concentration. The
apparent low toxicity of CDs is consistent with previous studies, showing CDs exhibit
IC50 values from 100 pg/mL. This indicates low cytotoxicity and superior
biocompatibility of the CDs, ensuring their feasibility for intracellular imaging. MTT

results obtained after 48 and 72 hours showed a decrease in cell viability as the
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concentration increased. MTT results obtained after 48 and 72 hours showed a decrease

in cell viability as the concentration increased.
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Figure 4.5. The cell viability of A549 cells treated with 0.1, 1, 10, 50, 100, and 150
pg/mL of CDs for 24h, 48h, 72h

4.3.4. Results for Colony Formation Assay

The cytotoxicity was further validated via colony formation assay(CFA), which
confirmed MTT results after treatment with CDs. This assay is an in vitro cell
proliferation assay based on the ability of a single cell to grow in a colony. The viability
of A549 cells (Figure 4.6) was still maintained at approximately, 110%. These cells did
not decrease below 60% for 24h. It is seen that a little toxic effect was observed after the

addition of 100 pg/mL of CDs.
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CHAPTER 5

CONCLUSION

We developed the various kind of carbon dots and N,S-CDs with gold
nanoparticles by using different synthesis methods and precursors to obtain highly
efficient carbon dot nanoparticles. Reactant concentrations, reaction time, and volume
were optimized to obtain carbon dots with high photoluminescence quantum efficiency.
Absorption and  photoluminescence  spectra, confocal  microscope  for
microphotoluminescence measurements were performed for optical characterization. To
investigate the elemental composition and crystal structure, X-ray powder diffraction
(XRD), scanning electron microscopy and its X-ray energy dispersive spectroscopy
detector (SEM and SEM-EDS), Scanning Electron Transmission Microscope (STEM),
dynamic light scattering (DLS), were used. Citric acid and thiourea were used to
synthesize N,S-doped CDs by hydrothermal treatment. Results show that temperature
range and solvent effect are also important to synthesize high efficient green-emitting
CDs. Absorption peak, optimum emission peaks exhibit at 340 nm, 470 nm and give a
shoulder peak at 500 nm. And these peaks relevant to the n—n* transition gives the C=C
band, while the n—n* transition gives the C=N band. Our carbon dot solution contains
different particle sizes of carbon nanoparticles. This particle size dependence is consistent
with the quantum confinement effect. If increase the particle size can be explained by
decreasing bandgap due to p-electron delocalization the quantum confinement effect.
Therefore, we have different emission wavelengths for carbon dot synthesize because of
different particle sizes. Also, the solvent effect was analyzed to observe PL property of
carbon dots is dependent on the H bond affect hydrogen bonding in aprotic solvents is
weaker than in protic solvent, therefore obtaining larger spectral shifts and resulting in
shorter fluorescence lifetimes. DMSO is more polar than DMF and Methanol solvent.
When the polar aprotic DMSO solvent is added to the solution, the nitrogen bonds form
strong hydrogen bonds with the DMSO, causing the emission energy level to increase
and shift to the red zone. Also, the same procedure was repeated by changing time and
temperature. If the reaction temperature increase, time can be reducible. We obtained
optimum procedure when time stable at 160 °C for 6h and quantum yield was obtained as
%17.9 for preparing 15 mL of DMF solvent and %18.4 for 20 mL of DMF solvent. After
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the characterization process, the quantum yield of carbon dots was estimated as 14.2%
for preparing 15 ml of DMF solvent at 240 °C for 4h. After the optimum condition was
done, we tried to synthesize carbon dots in the presence of AuNPs. Firstly, different
amounts of AuNPs such as 2.5x10°, 5.0x10°, and 1.0x10'° were added to the reaction at
the start of carbon dot synthesis, and the reaction concentration of AuNPs is also
important to obtain high photoluminescence of carbon dots. When using these numbers
of AuNPs, quantum vyields of reaction were estimated as %18.7, %21.3, %31.2,
respectively. And also we tried to optimize the synthesis carbon dots in the presence of
gold nanoparticles. Another experimental procedure is that different amount of 3.5x10°,
5.8x10°, 1.06x10', and 1.7x10'° of AuNPs was used to synthesize carbon dots in the
presence of gold nanoparticles solution. If the carbon dot synthesis prepared with 3.5x10°
of gold nanoparticles/volume, emission peak was observed at 460 nm when excited at
350 nm. Also quantum yield was estimated as % 3.0 at 460 nm. If the carbon dot synthesis
prepared with 1.7x10'° of gold nanoparticles/volume, emission peaks are observed at 450
nm when excited at 350 nm and quantum yield was extimated 66.4 percentage at 450 nm.
And also quantum yield was estimated as %14.9, %23.8, %37.0 when emission
wavelength at 550 nm for each 3.5x10°,5.8x10°, 1.06x10'° number of gold nanoparticles
/volume. As a results, 1f the number of gold nanoparticles was increased, emission of the
gold nanoparticle was shifted to the blue-site. After the purification process,
agglomeration can occur and radiative recombination is reduced and thus the quantum
yield can be lower. After all procedures, the best results were repeated for analysis after
the purification process. 1.9x10'® 3.0x10'® 2.5x10'° number of AuNPs/uL components
was centrifuged using 40.000rpm at 15 minutes and powder was diluted with DMF and
reaction of quantum yield was estimated as %10.2, %19.2 and 17.1%. These results show
that 1f the amount of gold nanoparticle amount is kept from 5.0x10° to 1.0x10'° and its
concentration is kept from 0.05 mol to 1 mol, it will give high photoluminescence green
emission at 550 nm. Also, explaining AuNPs with carbon dot was demonstrated that FTIR
results and SEM results. FTIR results proved that this carbon dot has a rich carboxyl
group. The stretching vibrations (2067, 1180, and 1044 cm™) suggested the presence of
S- and N-containing groups, as well as a conjugated aromatic structure. The peak at 1044
cm™! and 887 cm'were attributed to v(C=S) and v(N-H) groups of carbon dot. These
groups disappeared after being treated with AuNPs. The disappearance of the C=S band
could be explained by the direct binding of sulfur to the empty surface of AuNPs.
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Similarly, the disappearance of the N-H signal stems from the bond between nitrogen and
oxygen of the citrates which are on the surface of the AuNPs. According to the HTEM
analysis, the particle size is found out as 30-50 nm in diameter for CDs synthesis and the
increase in the sulfur, nitrogen amounts of carbon dots results in a red shift. The results
of optical spectra and proved with SEM-EDS results. The decrease in sulfur as atomic
percentage in SEM-EDS results supports this FTIR theory for AuNPs with CDs synthesis.
Also, The HTEM images revealed the presence of gold nanoparticles on the surface of
the carbon dots. Electrons flow through this spot more easily because gold has a higher
molecular weight and is denser than carbon dots. As a result, while electrons pass through
more dense atoms, the point appeared darker, but they travel through the less dense area,
they appear lighter which proved that the lighter area is carbon dot and another darker
point is AuNPs. SEM-EDS results of carbon dot peresence of gold nanoparticles was
analyzed and our atomic percentages of gold very low as shown in Figure 3.13. Since the
amount of gold nanoparticles is low at the beginning of the experiment, the SEM-EDS
analysis prove this result. Also, SEM-EDS results proved that XRD pattern of black line.
Finally, obtaining carbon dot solution, a cell imaging study was applied. 50 pg/mL of
carbon nanoparticles was treated with A549 cells. After 3 hours of the incubation process,
light scattering characteristics of CDs were imaged by confocal microscope using a bright
field and 532 nm laser. Before and after the washing process, images demonstrated that
CDs were still located in the nucleus. To ensure that CDs targets, the same procedure was
applied cell fixation and DAPI procedure. IC-50 values estimated as 100 pg/mL, this
results proved that the low toxicity of CDs is consistent with previous studies. Also, the
cytotoxicity was subsequently verified using a colony formation assay (CFA), which
corroborated MTT findings following CD treatment. The viability of these cells was
calculated as 110%. These MTT results do not decrease below the % 60. When the
addition of 100 pg/mL of CDs, a slightly toxic effect was observed. As a result of these
investigations, carbon dots with high quantum efficiency, water-solubility, no hazardous
impact on cells, and strong photoluminescence have been attempted to be employed for

imaging in cancer cells.
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