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ABSTRACT
Carbon Quantum Dots (CQDs), which was synthesized from succinic acid and
glycerol through the esterification reaction, was used to increase the efficiency of
fluorescence intensity as well as with chitosan encapsulation. The results showed the
achieved highest fluorescence intensity. The encapsulation of 0.10 mg/mL CQDs and
0.20% chitosan showed the highest the percent of encapsulation was 17.954±0.73. The
cytotoxicity of Carbon Quantum dots and chitosan had been studied with
Staphylococcus aureus by using 0.25 mg/mL Carbon Quantum dots, 0.20% chitosan
and CQDs-CH (0.10 mg/mL CQDs, 0.20% w/v chitosan). These results indicated that
0.25 mg/mL Carbon Quantum dots, 0.20% chitosan and CQDs-CH (0.10 mg/mL CQDs,
0.20% w/v chitosan) are exhibited non-toxicity for Staphylococcus aureus, which
confirms that the Carbon Quantum dots and chitosan acted as eco-friendly biological.
Moreover, the trial of antibiotics (vancomycin) together with the main material (CQDsCH) was determined as being a biosensor for S. aureus detection. The results of this
research can be used as a guideline for the use of Carbon Quantum dots for further
biosensor applications.
Keywords: Carbon Quantum dots, chitosan, vancomycin, detection, encapsulation and
biosensor
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CHAPTER 1
INTRODUCTION

1.1

Problem and Statement
Staphylococcus aureus is a gram-positive bacterium. This disease is responsible
for many diseases, including pneumonia, meningitis, urinary tract infections and
hemophilia. This infection can be fatal. If a delayed treatment or medical treatment
does not match the pathogen that causes the disease. Therefore, the measurement
of S. aureus is very important. The reason for the development of this method of
detection of bacteria is due to the traditional way of limiting the problem. Take a long
time to analyze and low sensitivity (Jia, Duan et al., 2014)
Carbon Quantum dots (CQDs) are extremely interesting carbon nanotubes. It features
unique and unique features, highly fluorescent bright fluorescent, highly stable light,
small size and low toxicity material. Therefore, this Carbon Quantum dots material has
been applied in the field of nanotechnology, transportation measurement technology
and biological labeling. The surface of it can work with various molecules such as
polysaccharide, antibodies, peptides, enzymes and nucleotides. (Baker and Baker 2010)
In this research, chitosan was used to encapsulate Carbon Quantum dots
(CQDs), since chitosan is one of the most abundant polysaccharides derived from
natural sources, with low toxicity. Its surface can be adapted to various biomolecules.
To enhance the detection of gram positive bacteria. Vancomycin antibiotics are
interesting because they have large molecules, it is unable to cross the porins in the
outer membranes of the Gram negative bacteria. The vancomycin group of antibiotics
glycopeptides, it acts by inhibiting the synthesis of bacterial cell walls by forming a
hydrogen bond, vancomycin can bind to the terminal peptide of d-Ala-d-Ala on the
cell wall of the Gram-positive bacterium (Dancer, Try et al., 1996), suggesting it’s for
detecting Gram-positive bacteria.
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1.2

Objectives of Research
1.2.1 To study the optimum conditions for encapsulation Carbon
Quantum Dots in chitosan.
1.2.2 To study cytotoxicity of Carbon Quantum Dots, chitosan and
Carbon Quantum Dots – chitosan conjugated (CQDs-CH).
1.2.3 To study the determination of Staphylococcus aureus by using
Carbon Quantum Dots – chitosan conjugated (CQDs-CH).

1.3

Expected Benefits
1.3.1 The optimum conditions for encapsulation Carbon Quantum
Dots in chitosan
1.3.2 The cytotoxicity of Carbon Quantum Dots and conjugates
1.3.3 The system for detecting Staphylococcus aureus of Carbon
Quantum Dots conjugate with chitosan

1.4

Work Places
1.4.1 Department of Biotechnology, Faculty of Science and
Technology, Thammasat University
1.4.2 Department of Chemistry, Faculty of Science and Technology,
Thammasat University
1.4.3 Central Scientific Instrument Center (CSIC), Faculty of Science
and Technology, Thammasat University

Ref. code: 25615809032120PFB

3

CHAPTER 2
REVIEW OF LITERATURE
2.1

Carbon Quantum Dots (CQDs)
Quantum dot is a nanocrystal structure of semiconductor properties, consisting
of electrons of between 100 and 1,000 electrons, have a diameter ranging from 2 to
10 nanometers. When looking at the structure of this quantum, through a tool that
can explore nanoscale structure. It is seen that this structure is a dot which is a source
of nanostructures, called quantum dots, and when the structure of the quantum of
the synthesized nanoparticle is small. This structure will exhibit behavior within an
atom or within a quantum particle. According to the principle of quantum physics, the
nanostructures of materials such as quantum dots.
Quantum dots is a very small structure. If it is about 2 cm long, it can be roughly
the length of the structure of quantum dots can be about 4,000,000 dots together.
Quantum is a synthesized nanostructure. The nanostructures of quantum dots.
It consists of two parts: the core quantum dots and the core-shell coating.
Core-shell coating

Core quantum dots

Figure 2.1: Components of Quantum dots
Quantum dots is a synthetic nanostructure with exceptional properties. This is
due to the fact that the electrons inside the nanostructure of quantum dots. The
quantum dots confinement is restricted to electrons that are able to move in a
restricted volume. It can not move freely as it does in large structures.
Carbon Quantum Dots (CQDs) are a kind of fluorescent nanomaterials,
developed in recent years. CQDs have unique optical properties, such as a relatively
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high fluorescence intensity and high photostability, as well as tunable excitation and
emission spectra (Sun et al., 2006). Meanwhile, CQDs have exhibited some advantages
over widely used quantum dots, such as good biocompatibility, low toxicity, low
molecular weight and small size (Baker and Baker 2010). The superior optical properties
show that Carbon Quantum Dots CQDs have potential applications for bioimaging,
delivering drugs (Lin, Tsai et al., 2005) and sensing fields (Zhao, Qiu et al., 2011).
Zhong et al. (2015) studied fluorescent stability of the three conditions as
follows: first, fluorescent stability of CDs compare with CD@Van with varied pH values
in the pH range 4-10 (Figure 2.2). Next, fluorescent stability of CDs compare with
CD@Van for different temperature during the temperature range of 25-70 °C (Figure
2.3). Finally, fluorescent stability of CDs compare with CD@Van in the presence of
various concentrations of NaCl in the concentration ranges from 0.1-1.0 mol/L (Figure
2.4). Although these CQDs also provide stable light emission, it is connected with
antibiotics.

Figure 2.2: Fluorescent stability of CDs (A) and CD@Van (B) with varied pH values.

Figure 2.3: Fluorescent stability of CDs (A) and CD@Van (B) for different temperature.
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Figure 2.4: Fluorescent stability of CDs (A) and CD@Van (B) in the presence of various
concentrations of NaCl.
Mansur et al. (2015) studied fluorescent nanoparticle-based immunoassay was
developed for the in vitro detection of the biomarker CD20 antigen (B-lymphocyte
surface antigen CD20) by CD20 polyclonal antibodies (pAbCD20). This system is
effective in detecting CD20 biomarker in vitro because of its formation. Nanocomplexes
CdS / chitosan-pAbCD20 immunoconjugates are present in the distribution of colloids
and specific antigens adsorbed on the surface of microplates (Figure 2.5).

Figure 2.5: QLISA results
Mansur et al. (2015) studied QLISA immunoassay in cancer cells, Luminescence
microscopy shows that most TOLEDO tumor cells are specifically labeled.
Immunoconjugates dot dotum functionalized with anti-CD20 antibodies (Fig. 2.6a). On
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the other hand, there is no specific luminescence in the CD20 cells, although the HeLa
tumor cell test (Figure 2.6b), prove the specificity of the conjugate.

Figure 2.6: Detection of the cancer biomarker CD20 internalization through
immunofluorescence (a) CD 20 positive cell (TOLEDO) and (b) CD20 negative cell
(HeLa cell line).
Mansur et al. (2015) conducted a cytotoxicity study in vitro by LDH assay, MTT
and resazurin assays. As shown in Fig. 2.7, there is no cytotoxicity when the different
concentrations of CdS-chitosan bioconjugates After 3 days, the bright field of VERO
cells was incubated for 24 and 72 h with CdS bioconjugates shown in Fig. 2.7 A, B and
C at different concentration. The general morphology of synthetic fibers like fibers
(VERO) creates a single cell covering the bottom of the plate, potentially observable.
A slight variation of the coating may be observed after a 72 hour test (Fig. 2.7B and C).
However, the LDH response is maintained at a high level (greater than 85%) cell versus
control (Fig. 2.7D).
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Figure 2.7: LDH assay results. VERO cell viability results after exposure to
CdS/chitosan bioconjugates in MEM with 2% of FBS: (A) 0.5% and 1.0% for 24 h; (B)
0.5% for 72 h and (C) 1.0% for 72 h. (D) Histogram of relative VERO cell viability.
Mansur et al. (2015) studied mitochondrial activity of SAOS cells and Melan A
cells was assessed by MTT and resazurin analysis. Figure 2.8 A 100% cellular
responsiveness in two cell types with no difference compared to control conditions.
(Reference) There were also similar findings in resazurin analysis without detecting
toxicity. Therefore, these results support the evidence that CdS-chitosan
bioconjugates. The toxicity of VERO, SAOS and Melan-A concentrations will provide
an interesting perspective for the use of tumor diagnostics.
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Figure 2.8: Cell viability assays. (A) MTT results (B) Resazurin results.
Mehta et al. (2014) studied one-pot green synthesis of carbon dots by using
Saccharum officinarum juice for fluorescent imaging of Escherichia coli and
Saccharomyces cerevisiae.
The CDs are well dispersed in water with an average size of ~ 3 nm (Fig. 2.9)
and exhibit bright blue fluorescence under UV (λex = 365 nm) (Fig. 2.9). An excellent
fluorescence enzyme for photoaging bacteria (Escherichia coli) (Fig. 2.11) and yeast
(Saccharomyces cerevisiae) (Fig. 2.12).
Also, studied the cytotoxicity of CDs in bacteria and yeast cells. Figure 2.13
shows the cytotoxicity study of CDs in E. coli and S. cerevisiae by using CD
concentration ranging from 0 to 400 mg/mL. These results indicate that CDs are
exhibited non-toxicity up to 400 mg/mL for bacteria and yeast, which confirms that
the CDs acted as eco-friendly biological fluorescent-labeling probes for cellular and in
vivo imaging applications.
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Figure 2.9: HR-TEM images of carbon dots at different magnification (a) 20 nm and (b)
10 nm. (c) DLS measurement of Carbon dots.

Figure 2.10: UV-visible absorption and fluorescence emission spectra of Carbon dots.
Inset picture shows the carbon dots under daylight (left) and UV light at 365 nm
wavelength (right).
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Figure 2.11: Confocal laser microscopic images of Escherichia coli (a) bright field
without CDs (b-d; at excitation 405, 448, and 561 nm respectively) (e-g; 405, 448 and
561 nm respectively, without bright field.)
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Figure 2.12: Confocal laser microscopic images of Saccharomyces cerevisiae (a)
bright field without CDs (b-d; at excitation 405, 448, and 561 nm respectively) (e-g;
405, 448 and 561 nm respectively, without bright field.)

Figure 2.13 Cytotoxicity of CDs on (a) Escherichia coli and (b) Saccharomyces
cerevisiae.
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2.2

Chitosan

In 1811 Henri Bracannot discovered the first chitin in mushrooms. Later in 1823,
Odier called the polymer "chitin". The word chitin comes from the word "chitin".
"Chiton" in Greek means a cladding and discovery of chitosan in 1859. Rouget by boiling
chitin with concentrated sodium hydroxide solution (Shahidi et al. 1999)
Chitosan is a derivative of chitin derived from good acetylation. (deacetylation)
of chitin in a concentrated solution. Chitin and chitosan are natural polymers.
Biodegradable (Biodegradable) does not cause any harm to the environment. Not
allergic Non-flammable and non-toxic. Non-phytotoxic sources of chitin and chitosan
are the major sources of chitin and chitosan. The waste from the frozen seafood
industry. Shrimp shell and crab shell are important components of chitin (20-30%),
protein (30-40%) and calcium carbonate (30-50%). Chitin and chitosan are white solids.
As shown in Fig. 2.14, there are also studies on the use of fungal fibers for the
production of chitin and chitosan. (Chandrkrachang, 2002)

Figure 2.14: Chitin and chitosan extracted from lobster shell.
Chitosan, or deacetylated chitin, is a copolymer composed of glucosamine and
N-acetylglucosamine. More than 90% of the glucosamine is a derivative of chitin
produced by the alkaline reaction. Get rid of acetyls. Make the molecule smaller.
Chitosan is composed of the amino group (-NH2) and the hydroxyl group (-OH) that
can react with other substances to convert to other derivatives.
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Figure 2.15: Chemical structures of chitosan
Chitosan is a biologically active polymer with a wide range of uses due to its
functional properties, such as its antimicrobial activity, its toxicity, ease of modification
and its ability to biodegrade. This review summarizes the most commonly used
chitosan processing methods and focuses on the application of chitosan in various
industrial and biomedical applications. Finally, the environmental concerns of
chitosan-based films, which are considered from raw material extraction to end-of-life,
are also intended to be environmentally friendly. (Muxika et al., 2017)
Chitosan is a bio-degradable polysaccharide and bioadhesive. It has been
proved that chitosan is a mild, non-toxic soft tissue in a single toxicity test (Aspden et
al., 1997). Has been widely used in pharmaceutical and industrial research as a drug
delivery and as a biomedical material. (Mao et al., 2001) Chitosan was chosen as a
nanoparticle because of its acceptability. Have you the practice of making rough skin
and have the ability to supplement the large molecules through the skin, the lining of
the uterus. (Illum, 1998).
Mansur et al. (2015) studied fluorescent nanoconjugates were effective for in
vitro detection of cancer antigen by using chitosan-antibody immunoconjugate ligands
(CdS QDs/chitosan conjugates). The polyclonal antibody anti-CD20 (pAbCD20) was
covalently coupled with the chitosan biopolymer, leading to the formation of the
immunoconjugates (chitosan-pAbCD20). The carboxyl-reactive EDC was utilized as the
crosslinker in the presence of sulfo-NHS (catalyst) for covalently coupling the
carboxylic group present at the “Fc” terminal of the antibody pAbCD20 to the
available amine groups of the chitosan chain (R-NH2) (Mansur et al., 2014 and
Hermanson, 2008). In addition, EDC is a water-soluble, “zero-length” crosslinker that is
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not incorporated into the conjugated network by the reaction (removed by dialysis),
and therefore, it does not raise concerns about its toxicity compared to that of other
common crosslinkers. The structure of the immunoconjugate designed and
synthesized based on pAbCD20 and chitosan is schematically represented in Figure 8

Figure 2.16: Schematic representation of the designed polymer-antibody
immunoconjugates.
Tan et al. (2007) studied the application of chitosan for encapsulation Carbon
Quantum Dots in chitosan. To reduce the toxicity of Carbon Quantum Dots, which is
synthesized from heavy metals and tested for toxicity in cells. The results showed that
the cell toxicity of Carbon Quantum Dots was significantly reduced after encapsulation
in chitosan (Figure 2.17). While, TEM images in Figure 2.18 show that the chitosan/QD
nanoparticles formed are spherical in shape and roughly around 60 nm.

Figure 2.17: (a) Light (b) confocal fluorescent images of myoblast cells labeled with
chitosan/QD nanoparticles. (c) Is the overlapped image of (a) and (b). The scale bar is
50 μm.
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Figure 2.18: TEM images of the chitosan/QD nanoparticles.

2.3

Vancomycin
Vancomycin is an antibiotic drug that has a glyco-peptide structure.
(Glycopeptide antibiotic, the antibiotic group that affects the cell wall of bacteria) was
first discovered in 1953, extracted from bacteria in the soil, called Amycolatopsis
orientalis is a clinically proven drug that is used to treat and prevent Gram-positive
bacteria.
2.3.1 Pharmacodynamics
Vancomycin has an antibacterial action against Staphylococcus or severe
antibiotic resistance to other antibiotics, especially in Gram-positive bacteria. The drug
will inhibit the formation of bacterial cell walls in different stages. The cell wall of
bacteria is not complete. It can not withstand the pressure inside the cell that is higher
than the pressure of the external environment. Many cells have lysis of the cell. The
drug that acts on this mechanism is bactericidal and is only active against the growing,
dividing, or building of cell walls. For bacteria that respond to vancomycin well such
as Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus pneumonia,
Streptococcus pyrogenes, Clostridium difficile, Actinomyces species, Bacillus anthracis,
Corynebacterium species and Listeria species
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Figure 2.19: Chemical structures of vancomycin.
2.3.2 Mechanism of action
The action of vancomycin bacteria mainly comes from the inhibition of cell
wall synthesis. In particular, vancomycin prevents aggregation. N-acetylmuramic acid
(NAM)- and N-acetylglucosamine (NAG)-peptide subunits from combination with the
drug. peptidoglycan matrix; This is an important structural component of the cell wall.
Gram-positive The hydrophilic molecule can interact with hydrogen. D-alanyl-D-alanine
moieties of NAM / NAG-peptides. The involvement of vancomycin with D-Ala-D-Ala
prevents the aggregation of the NAM / NAG-peptide subgroup with the peptidoglycan
matrix. In addition, vancomycin also modulates membrane and bacterial permeability.
RNA synthesis Vancomycin has no antimicrobial activity against Gram-positive bacteria,
bacteria or fungi (Reynolds and Somner, 1990).
Zhong et al. (2015) studied fluorescence intensity of CD@Van in the presence
of S. aureus, Bacillus subtilis, L. monocytogenes, Salmonella, P. aeruginosa and E. coli
(5.23×105 cfu/mL for each) respectively. To be specific, aggregations of CD@Van
occurred on the surfaces of Gram-positive bacteria rather than Gram-negative bacteria
negative based on the ligand–receptor interactions, thereby leading to their
fluorescence decrease (Figure 2.20).
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Figure 2.20: Fluorescence intensity decrease of CD@Van in the presence of S. aureus,
Bacillus subtilis, L. monocytogenes, Salmonella, P. aeruginosa and E. coli (5.23×105
cfu/mL for each) respectively.

2.4 Staphylococcus aureus
2.4.1 Structure of bacteria

Figure 2.21: Structure of bacteria
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(1) cytoplasmic membrane (cell membrane) is a 2-layer insoluble (hydrophobic)
and water soluble (hydrophilic) contains 20-30% phospholipid, 50-70% protein
and slightly carbohydrate. The lipids and proteins have been shifted (fluidity).
(2) Cytoplasmic matrix is composed of 70% water, inorganic charge, intermediates,
metabolites and DNA granules.
(3) Ribosomes are typically 15-20 nm granules distributed freely in the cell,
consisting of 60-90% RNA, 10-40% protein, depending on the protein
requirements.
(4) Nucleoid consists of single or double-stranded DNA, about 500 times the length
of the bacterial DNA in the nucleic or bacterial chromosome.
(5) Cell wall is the cellular component between the capsule and the cell
membrane. All bacteria except mycoplasma have this structure. The major
function of the cell wall is. Helps maintain cell shape, protect and heal. Internal
cell pressure is a precursor in the synthesis of various substances.
(6) Capsules does not match the color of the gram. Thickness varies by bacterial
species.
(7) Pili is longer than fimbriae, is less involved in reproductive tract in bacteria. Fpili (sex pili) acts as a passage of genetic material from the donor to the receptor
and possesses the antigen Fimbriae. Many have no duty to move, but there is
evidence that it allows the bacteria. Adheres to the skin.
(8) Flagella is characterized by a long filamentous line of 1-70 micrometers
extending outward from the cell wall in almost all spiral bacteria.

Ref. code: 25615809032120PFB

19

Table 2.1: Comparative Characteristics of Gram-Positive and Gram-Negative
Bacteria
Characteristic

Gram-positive
Retain crystal violet dye
Gram reaction
and stain dark violet or
purple
Peptidoglycan layer Thick (multilayered)
Teichoic acids
Present in many
Periplasmic space
Absent
Outer membrane
Absent
Lipopolysaccharide
Virtually none
(LPS) content
Low (acid-fast bacteria
Lipid
and
have lipids linked to
lipoprotein content
peptidoglycan)
Flagellar structure 2 rings in basal body
Toxins produced
Primarily exotoxins
Resistance
to
High
physical disruption
Inhibition by basic
High
dyes
Susceptibility
to
anionic
High
detergents
Resistance
to
High
sodium azide
Resistance to drying High

Gram-negative
Can be decolorized to
accept counterstain
(safranin); stain red
Thin (single-layered)
Absent
Present
Present
High
High (due to presence
of outer membrane)
4 rings in basal body
Primarily endotoxins
Low
Low
Low
Low
Low

Gram-positive bacterial cell wall. The cell wall is 20-80 nm thick, which is thicker
than gram-negative and accounts for 20-40% of cell weight when dried. Most of the
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elements are In addition, there are polysaccharides such as mannose, arabinose,
galactose, glucosamine, proteins, acidic sugars such as glucosamic acid, mannuronic
acid, teichoic acid, which are sugar alcohols. (A water soluble polymer composed of
ribityl or glycerol)

Figure 2.22: Comparative structure of Gram-Positive and Gram-Negative
Bacteria
2.4.2 Characteristics and properties of Staphylococcus aureus
Staphylococcus aureus is a Gram-positive bacterium with a rounded shape,
usually found in pairs, with a short line of branches or a spherical shape. The facultative
anaerobes are suitable for growing at 15 - 45 degrees Celsius and growing at a high salt
concentration of 15 percent, for example, tissue infection, food poisoning and yellow
pigment in colonies.
S. aureus can produce substances or structures that have antigenic properties.
(1) Capsule is a structure that covers the outside of the cell. Capsule
formation is found in strains that are highly susceptible to S. aureus.
Capsules can be created in living organisms. It may be lost when
cultured on culture media. Capsule-based strains can not be phagetyped and can not produce a clumping factor.
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(2) Teichoic acid is a species-specific carbohydrate antigen. This antigenic
strain is S. aureus with polysaccharide A and S. epidermidis with
polysaccharide B
(3) Protein A is a protein in the cell wall that is attached to the
peptidoglycan cell wall.
(4) The coagulase-type enzyme attached to the cell is called the clumping
factor, created by S. aureus, a strain that does not produce a capsule.
It is believed that the co-enzyme attached to this cell is a part of the
cell surface that reacts with α and β-ligand. β-chain of fires is a cross
linking.
2.4.3 The connection between Staphylococcus aureus with
humans
It is often found that people are carriers of S. aureus enough to be found in
food. If the carrier carries food by hand. Contamination and food poisoning can cause
food poisoning.
S. aureus is a disease that causes major skin diseases such as abscesses,
infections, surgical wounds, sores, etc. People who are carriers of this infection do not
only find people who are infected by this infection. In addition, S. aureus is found in
other parts of the body. The skin in the nose, throat and hair sometimes found in the
stool. Nose is a major source of contamination in the food and nose. (Varnam and
Evan, 1991).
When S. aureus enters the host body, S. aureus takes advantage of the protein.
Together with other proteins and surface factors, it helps the body to survive the
immune system. Because of this, the infection can cause inflammation of the tissue.
Protein A suppresses phagocytic ingestion and displays immune dysfunction. In S.
aureus, a mutant that is deficient in phagocyte protein A can effectively capture the
infection. And the disease will cause disease.
It is well known, Staphylococcus aureus is a bacterium of gram-positive. This is
a serious disease. Because of its high protein stability, S. aureus can cause serious
diseases such as pneumonia, pleurisy, urinary tract infections. S. aureus can be
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exposed to temperatures (7-48 ° C) and pH (4.2-9.3) and can survive in hypersaline
environments. (Jia, Duan et al., 2014)
Zhong et al. (2015) studied the fluorescent performance of CDs and the
interactions bacteria binding with vancomycin, we hereby established a facile approach
for fast and accurate detection of Gram-positive bacteria originated from CDs modified
with vancomycin (Figure 2.23). Specifically, the modified CDs aggregated on the
surfaces of bacteria owing to the interactions between vancomycin and bacteria,
thereby facilitating the decrease of CDs fluorescence. For this reason, we have provided
a promising opportunity to help overcome the problems faced by the general audit
process, which generally take a long time and are complex (Liu et al., 2011).

Figure 2.23: Schematic illustration of our method for detecting Staphylococcus
aureus.
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CHAPTER 3
RESEARCH METHODOLOGY
3.1 Materials and apparatuses
3.1.1 Reagents
(1) Succinic acid (C4H6O4, Assay 99.5%, Ajax Finechem, Australia)
(2) Glycerol (C3H8O3)
(3) Potassium Hydroxide (KOH)
(4) Seafresh Chitosan Powder (Assay 95%, DAC, 80 Mesh, Seafresh
Chitosan (Lab) Company Limited, Thailand)
(5) Acetic acid (CH3COOH, Assay 99.7%, RCI Labscan, Thailand)
(6) 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride
(EDC, C8H17N3HCl, Assay ˃98.0%, Tokyo chemical industry CO.,
LTD.)
(7) n-hydroxysulfosuccinimide (NHS, C4H4NNaO6S, Assay ˃98.0%,
Tokyo chemical industry CO., LTD.)
(8) Vancomycin hydrochloride powder for injection (Alken, India)
(9) Potassium dihydrogen phosphate (KH2PO4)
(10) Sodium hydrogen phosphate (Na2HPO4, Assay 99%, QReC, New
Zealand)
(11) Sodium chloride (NaCl, Assay 99.5%, Loba chemie, India)
(12) Sodium hydroxide (NaOH, Assay 99%, Merck, Germany)
(13) Potassium chloride (KCl, Assay 99.5%, Carlo erba reagenti, France)
(14) Tryptone Water (HiMedia, India)
(15) Yeast extract
(16) Nutrient Broth (Merck, Germany)
(17) Nutrient Agar (Merck, Germany)
(18) Ammonium chloride (NH4Cl, Assay 99.5%, Ajax Finechem,
Australia)

Ref. code: 25615809032120PFB

24

(19)
(20)
(21)
(22)
(23)

Magnesium sulfate (MgSO4, Assay 98%, Carlo erba reagenti, France)
Calcium chloride (CaCl2)
D-Glucose (C6H12O6, Ajax Finechem, Australia)
Tripolyphosphate (TPP)
Distilled water (H2O)

3.1.1
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)

Apparatuses
Fluorescence spectrophotometer
Fourier transform infrared spectrometer
Transmission electron microscope
Zetasizer nano
UV-Vis Spectrophotometer
Sonicator
Incubator shaker
Incubator
Freeze dryer
pH meter
Autoclave
Magnetic Stirrer
Centrifuge

3.1.2 Microorganisms
(1) Staphylococcus aureus (ATCC 25923)
(2) Escherichia coli (ATCC 25922)
3.2 Methods
3.2.1 Synthesis of Carbon Quantum Dots (CQDs) (Tomskaya et
al., 2018)
The Carbon Quantum Dots (CQDs) here were synthesized with 1.25 gram of
succinic acid in 25 mL of deionized water with mix 25 mL of glycerol. Then the solution
was sonicated in sonicator for 15 min until obtain homogenous solution. After that the
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solution was heated in oven at 200 °C for 6 hours. Subsequently, this product was
dissolved in 30 mL of deionized water and filter the solution with filter paper, and
adjust pH to neutral (about 7-8) (using nitric acid or potassium hydroxide), and dialysis
for 3 days using 1000 MWCO of dialysis membrane, and to centrifugation (10000 rpm,
15 minutes). The powder of Carbon Quantum Dots (CQDs) was obtained by freeze
drying.
3.2.2 Preparation of Carbon Quantum Dots-chitosan (CQDs-CH).
(Tan, Huang et al., 2007)
1% w/v chitosan stock solution was first prepared by dissolving 1 gram of
chitosan in 100 mL of 40% w/v acetic acid solution and stirred for 12 hours at room
temperature. In was further diluted to different concentrations for subsequent use.
Subsequently, 25 mL of different concentration of chitosan solution was next added
to 25 mL of 1 mg/mL Carbon Quantum Dots (CQDs), followed by 5 minutes for
sonication to dissolve chitosan completely. Centrifugation (8000 rpm, 30 minutes) and
washing of the chitosan- Carbon Quantum Dots (CQDs-CH) were then carried out. They
were then stored in DI water. The actual concentrations of Carbon Quantum Dots
(CQDs) encapsulation in chitosan were measured using fluorescence
spectrophotometer and chitosan- Carbon Quantum Dots (CQDs-CH) were validated by
fourier transform infrared spectrometer.
3.2.3 Preparation of Carbon Quantum Dots-chitosan (CQDs-CH)
modified with vancomycin (CQDs-CH-V) (Zhong, Zhuo et
al., 2015)
The Carbon Quantum Dots-chitosan (CQDs-CH) were first diluted by (10 mM,
pH 7) phosphate buffer (PB), then 2 mg of fresh 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (EDC) and n-hydroxysulfosuccinimide (NHS) were
successively introduced into 2 mL of the Carbon Quantum Dots-chitosan (CQDs-CH),
and follow by reacting with rotation for 4 h at room temperature. Next, 4 mg
vancomycin was dissolved in 2 mL (20 mM, pH 7.4) phosphate buffer saline (PBS),
forming a transparent solution. Simultaneously, 2 mL of vancomycin solution was
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added to Carbon Quantum Dots-chitosan (CQDs-CH) solution, and further gently stirred
for 6 h at room temperature.

3.2.4 Cytotoxicity study of Carbon Quantum Dots, chitosan and
Carbon Quantum Dots-chitosan (CQDs-CH) (Mehta et al.,
2014).
Initially, Staphylococcus aureus grew in sterile nutrient broth (NB) media in an
incubator-shaker at 37 °C to reach the late log phase, after overnight incubation. The
growth curve of S.aureus was plotted by growing the cell in M9 media at 37 °C for 24
h. To these flasks, Carbon Quantum Dots (CQDs) and Carbon Quantum Dots, chitosan
and Carbon Quantum Dots-chitosan (CQDs-CH) were added and incubated by using
orbital shaker at 180 rpm. The culture broth was collected at different time intervals
(0-24 h) and measured for their optical density (at 600 nm) using a spectrophotometer.
3.2.5 Bacterial growth and assays (Zhong et al., 2015).
Initially, Staphylococcus aureus and Escherichia coli grew in sterile Luria-Bertani
(LB) media (2.0 g bacto-tryptone, 1.0 g bacto-yeast extract power, 2.0 g NaCl dissolving
in 200 mL distilled water, and adjusted to pH 7.4 with 3.0 M NaOH) in an incubatorshaker at 37 °C to reach the stationary phase, After overnight incubation, bacterial cells
was centrifuge (6000 rpm, 10 min) to remove the supernatant and washed 3 times with
(20 mM, pH 7.4) phosphate buffer saline (PBS), and resuspended in phosphate buffer
saline (PBS). The amount of bacteria per milliliter can be acquired by counting related
colony forming unit (CFU/mL) after incubation overnight at 37 °C. Towards the purpose
of detecting, bacteria samples were diluted into various concentrations by using
phosphate buffer saline (PBS). Then 1 mL of Carbon Quantum Dots-chitosanvancomycin (CQDs-CH-Van) was mixed respectively with 2 mL each bacteria samples,
and incubated for 50 min, and fluorescence variation of Carbon Quantum Dotschitosan-vancomycin (CQDs-CH-Van) were further recorded by fluorescence
spectrophotometer.
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CHAPTER 4
RESULTS AND DISCUSSION
4.1

Characterization of the Carbon Quantum dots
4.1.1 Fluorescence intensity at various Carbon Quantum dots
concentration
The Carbon Quantum Dots (CQDs) here were synthesized with succinic acid in
deionized water with glycerol. Then the solution was sonicated in sonicator for 15 min
until obtain homogenous solution. After that the solution was heated in oven at 200
°C for 6 hours. Subsequently, this product was dissolved in deionized water and filter
the solution with filter paper, and adjust pH to neutral (about 7-8) (using nitric acid or
potassium hydroxide), and dialysis for 3 days using 1000 MWCO of dialysis membrane,
and to centrifugation (10000 rpm, 15 minutes). The powder of Carbon Quantum Dots
(CQDs) was obtained by freeze drying.
Thus, all the work started with characterizing this Carbon Quantum dots. Firstly,
the maximum excitation and emission spectra of the synthesized Carbon Quantum
dots were recorded as 280 nm and 435 nm (Figure 4.1) respectively, and their
fluorescent properties were subsequently explored. Figure 4.1 show the result of the
fluorescence intensity of 0.01, 0.05, 0.10, 0.50 and 0.75 mg/mL Carbon Quantum dots.
When the concentration of CQDs increased, the fluorescence intensity value is higher,

Figure 4.1: Graph of fluorescence intensity at various Carbon Quantum dots
concentrations
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Which, provided the emission spectra of the synthesized Carbon Quantum dots that is
equal (435 nm) to the experiment of Jia et al., (2014) that has been used citric acid
and urea substrates.
4.1.2 Characterization the morphology with TEM of the Carbon
Quantum dots
In order to investigate the morphology of synthesized Carbon Quantum dots,
we studied TEM for the characterization of Carbon Quantum dots.

Figure 4.2: (A) TEM image of the as-synthesized CQDs and (B) the diameter distribution
of the CQDs
Figure 4.2 shows the typical TEM images of Carbon Quantum dots at 20 nm
scale bar, in which most of Carbon Quantum dots are well dispersed in aqueous
solution with uniform in size and possessed a nearly spherical shape with an average
size of ~ 1-4 nm.
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4.1.3 Characterization the average size with DLS of the Carbon
Quantum dots
In order to investigate the average size of synthesized Carbon Quantum dots,
we studied DLS for the characterization of Carbon Quantum dots.

Figure 4.3: DLS measurement of Carbon Quantum dots in aqueous solution.
Figure 4.3 shows the DLS data of Carbon Quantum dots, in which Carbon
Quantum dots are well monodispersed with an average hydrodynamic diameter of ~
2.8 nm.
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4.1.4 Characterization the zeta potential of the Carbon
Quantum dots

Figure 4.4: Zeta potential curves of the Carbon Quantum dots in
aqueous solution.
The surface charge of the Carbon Quantum dots, was analyzed by zeta
potential measurements (Figure 4.4), the values of zeta potential of Carbon Quantum
dots were equal to -25.2 mV. It could be concluded that gold nanoparticles had
warped with anionic compounds and that the particles were fairly stable due to the
electrostatic repulsion (Farideh et al., 2015).
When comparing the particle size with both analytical methods, TEM and DLS,
it was found that both analyzes gave the average particle size equal to 1-4 nm and 2.8
nm respectively.
It was confirmed by the zeta potential that the nanoparticles were stable and
well dispersed in aqueous solution.
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4.1.5 Characterization the functional groups with FTIR of the
Carbon Quantum dots
In order to investigate the surface functional groups of synthesized Carbon
Quantum dots, we studied Fourier transform infrared spectrometer (FTIR) for the
characterization of Carbon Quantum dots.

Figure 4.5: FTIR spectrum of Carbon Quantum dots
The surface functional groups of the Carbon Quantum dots were validated by
Fourier transform infrared spectrometer (FTIR). As shown in Figure 4.5, the absorption
band appearing at 2900-3500 cm−1 was assigned to stretching vibrations of O–H that is
overlapped is C-H stretching of CH3 and CH2 of CQDs. Meanwhile, the absorption band
appearing at 2100-2270 cm−1 referring to the stretching vibrations of C=C=O of Carbon
Quantum dots. Moreover, the band at 1600-1700 cm−1 was related with the stretching
vibrations of C=O of Carbon Quantum dots has been previously attributed (Rajar,
Sirajuddin et al., 2018).
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4.2 Optimization for encapsulation Carbon Quantum Dots in chitosan (CQDs-CH)
4.2.1 The percent of encapsulation of Carbon Quantum Dots in
chitosan (CQDs-CH) with various chitosan concentrations.
Table 4.1: The percent of encapsulation of Carbon Quantum Dots in chitosan (CQDsCH) with various chitosan concentrations
CQDs-CH

% Encapsulation

CQDs-CH (0.10 mg/mL CQDs, 0.01% Chitosan)

n/a

CQDs-CH (0.10 mg/mL CQDs, 0.05% Chitosan)

0.029±0.30

CQDs-CH (0.10 mg/mL CQDs, 0.10% Chitosan)

0.520±0.49

CQDs-CH (0.10 mg/mL CQDs, 0.15% Chitosan)

1.138±0.85

CQDs-CH (0.10 mg/mL CQDs, 0.20% Chitosan)

18.045±0.87
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In order to investigate the optimization for encapsulation Carbon Quantum
Dots in chitosan (CQDs-CH). We used 0.1 mg/mL Carbon Quantum Dots with 0.01, 0.05,
0.10, 0.15 and 0.20% w/v chitosan.
As shown in Table 4.1, the result of the percent of encapsulation of Carbon
Quantum Dots in chitosan (CQDs-CH). At 0.01 mg/mL Carbon Quantum dots with 0.01,
0.05, 0.10, 0.15 and 0.20% w/v chitosan encapsulation, the percent of encapsulation
value of CQDs-CH were n/a (cannot detected) , 0.029±0.30, 0.520±0.49, 1.138±0.85 and
18.045±0.87 respectively.
At 0.10 mg/mL Carbon Quantum dots with 0.20% w/v chitosan encapsulation
is optimized condition, because it had the highest percent of encapsulation value and
showed statistically significant difference at p-value 0.05. Therefore, researchers used
this condition for encapsulation in chitosan with various Carbon Quantum dots
concentration.
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4.2.2 The percent of Encapsulation of Carbon Quantum Dots in
chitosan (CQDs-CH) with various Carbon Quantum dots
concentration
Table 4.2: The percent of Encapsulation of Carbon Quantum Dots in chitosan (CQDsCH) with various Carbon Quantum dots concentration
CQDs-CH

% Encapsulation

CQDs-CH (0.01 mg/mL CQDs, 0.20% Chitosan)

n/a

CQDs-CH (0.05 mg/mL CQDs, 0.20% Chitosan)

9.362±0.70

CQDs-CH (0.10 mg/mL CQDs, 0.20% Chitosan)

17.862±0.59

CQDs-CH (0.50 mg/mL CQDs, 0.20% Chitosan)

4.068±0.55

CQDs-CH (0.75 mg/mL CQDs, 0.20% Chitosan)

6.903±0.97
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In order to investigate the optimization for encapsulation Carbon Quantum
Dots in chitosan (CQDs-CH). We used 0.20% w/v chitosan with 0.01, 0.05, 0.10, 0.50 and
0.75 mg/mL Carbon Quantum dots.
As shown in Table 4.2, the result of the percent of encapsulation of Carbon
Quantum Dots in chitosan (CQDs-CH). At 0.01, 0.05, 0.10, 0.50 and 0.75 mg/mL Carbon
Quantum dots with 0.20% w/v chitosan encapsulation, the percent of encapsulation
value of CQDs-CH were n/a, 9.362±0.70, 17.862±0.59, 4.068±0.55 and 6.903±0.97
respectively.
At 0.10 mg/mL Carbon Quantum dots with 0.20% w/v chitosan encapsulation
is optimized condition, because them has the percent of encapsulation value highest.
Therefore, researchers used this condition for encapsulation in chitosan used for
optimization of CQDs-CH modified with vancomycin.
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4.3 Characterization of the Carbon Quantum dots-chitosan conjugated
(CQDs-CH).
4.3.1 Characterization the morphology with TEM of the Carbon
Quantum dots-chitosan conjugated (CQDs-CH)

40 nm

Figure 4.6: TEM image of the Carbon Quantum dots-chitosan
conjugated (CQDs-CH) in aqueous solution.
Figure 4.6 shows the typical TEM images of Carbon Quantum dots-chitosan
conjugated (CQDs-CH), in which most of Carbon Quantum dots are well dispersed in
aqueous solution with uniform in size and possessed a nearly spherical shape with an
average size of ~ 40 nm.
The results of the particle size study of the Quantum Carbon Chitosan
conjugated (CQDs-CH) showed that the particle size was close to that of Tan et al.
(2007) experiment. Which uses 1% w/v chitosan stock solution was first prepared by
dissolving 1 gram of chitosan in 100 ml of 1.5% w/v acetic acid solution. TEM images
of the chitosan/QD nanoparticles around 60 nm.
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4.3.2 Characterization the average size with DLS of the chitosan
In order to investigate the average size of chitosan, we studied DLS for the
characterization of chitosan.

Figure 4.7: DLS measurement of chitosan in aqueous solution.
Figure 4.7 shows the DLS data of chitosan, in which chitosan are well
monodispersed with an average hydrodynamic diameter of ~ 142.9 nm.
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4.3.3 Characterization the average size with DLS of the Carbon
Quantum dots-chitosan conjugated (CQDs-CH).
In order to investigate the average size of CQDs-CH, we studied DLS for the
characterization of CQDs-CH.

Figure 4.8: DLS measurement of CQDs-CH in aqueous solution.
Figure 4.8 shows the DLS data of CQDs-CH, in which CQDs-CH are well
monodispersed with an average hydrodynamic diameter of ~ 182.9 nm.
Compared to the CQDs-CH prepared using 1.5% w/v acetic acid solution and 4
h of sonication (Tan, Huang et al. 2007), analyzing the size of CQDs-CH with TEM, CQDsCH had an average particle size of about 60 nm. In addition, compared to the CQDsCH prepared using tripolyphosphate as a crosslinking agent, analyzing the size of CQDsCH with TEM and DLS, CQDs-CH had an average particle size of about 60-28 nm and
DLS 270-370 nm respectively. (Bodnar, Hartmann et al., 2005)
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4.3.4 Characterization the functional groups with FTIR of the Carbon
Quantum dots-chitosan conjugated (CQDs-CH)
For encapsulation Carbon Quantum Dots in chitosan. The surface functional
groups of the Carbon Quantum dots, chitosan and CQDs-CH were validated by Fourier
Transform Infrared spectrometer (FTIR).

Figure 4.9: FTIR spectrum of Carbon Quantum dots, chitosan and CQDs-CH
As shown in Figure 4.9, for Carbon Quantum dots, the absorption band
appearing at 2900-3500 cm−1 was assigned to stretching vibrations of O–H that is
overlapped is C-H stretching of CH3 and CH2 of CQDs. Meanwhile, the absorption band
appearing at 2100-2270 cm−1 referring to the stretching vibrations of C=C=O of Carbon
Quantum dots. Moreover, the band at 1600-1700 cm−1 was related with the stretching
vibrations of C=O of Carbon Quantum dots has been previously attributed (Rajar,
Sirajuddin et al., 2018)
For chitosan, the absorption band appearing at 3300 cm−1 was assigned to
stretching vibrations of N-H that is the broad peak of O-H stretching at 3200-3500 cm−1.
Meanwhile, the absorption band appearing at 1630-1695 cm−1 referring to the
stretching vibrations of C=O of amide (CONCH2) group and the absorption band
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appearing at 1400-1430 cm−1 represents the vibration of O-H bending. Moreover, the
band at 1000-1300 cm−1 was related with the stretching vibrations of O-C may was the
vibration of O bridge of chitosan. Meanwhile, the absorption band appearing at 28003000 cm−1 shows the vibration of C-H stretching of CH3, CH2, or CH which is overlapped
with the vibration of C=O of amide group (CONHR) of chitosan and the absorption band
appearing at 890 cm−1 represents the vibration of C-H from polysaccharide structure
has been previously attributed (Sathiyabama and Parthasarathy 2016).
For Carbon Quantum Dots–chitosan conjugated (CQDs-CH), the absorption
band appearing at 3200-3550 cm−1 was assigned to stretching vibrations of O-H that is
the broad peak of chitosan and Carbon Quantum Dots. Meanwhile, the absorption
band appearing at 2800-3000 cm−1 referring to the stretching vibrations of C-H (CH3,
CH2, or CH) which is overlapped with the vibration of C=O of amide group (CONHR) of
chitosan. Moreover, the absorption band appearing at 1630-1695 cm−1 was related with
the stretching vibrations of C=O of amide (CONCH2) group of chitosan and carbonyl
group of Carbon Quantum dots and the absorption band appearing at 1000-1300 cm−1
was related with the stretching vibrations of O bridge of chitosan has been previously
attributed (Rajar, Sirajuddin et al., 2018 and (Sathiyabama and Parthasarathy 2016).
In comparison to FTIR spectrum of Carbon Quantum dots and chitosan, the
peaks at 3388 and 1635 cm−1 could be observed for the Carbon Quantum Dots–
chitosan conjugated (CQDs-CH) arising from NH band, which indicated that chitosan
had been modified on the Carbon Quantum dots.
Furthermore, the same characteristic absorption peaks of the chitosan
appeared in the spectrum of Carbon Quantum dots. Compared the spectra of Carbon
Quantum dots and Carbon Quantum Dots–chitosan conjugated (CQDs-CH), there were
some changes on the peaks (3000–3700 cm−1) due to the interaction of Carbon
Quantum dots with NH stretching band (Luo et al., 2016).
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4.4 Optimization of CQDs-CH modified with vancomycin (CQDs-CH-V)
4.4.1 Fluorescence intensity of CQDs-CH-V at various EDC and NSH
concentration at pH6
The results of the study of the optimal conditions of for encapsulation Carbon
Quantum Dots in chitosan (CQDs-CH). At 0.10 mg/mL Carbon Quantum dots with 0.20%
w/v chitosan encapsulation is optimized condition, because them has the percent
ofencapsulation value highest. Therefore, researchers used this condition for
encapsulation in chitosan used for Optimization of CQDs-CH modified with
vancomycin.
To achieve specific sensing, vancomycin was then modified on the surfaces of
CQDs-CH through the condensation reaction of amine and carboxyl, in which EDC and
NHS functioned as crosslinking agents.

Figure 4. 10: Graph of fluorescence intensity of CQDs-CH-V at various EDC and NSH
concentration at pH6
In order to investigate the optimization for higher fluorescence intensity value
of CQDs-CH modified with vancomycin (CQDs-CH-V). We used with 0.25, 0.50, 1.00 and
2.50 mg/mL EDC and NHS at pH6. As shown in Figure 4.10, the result of fluorescent
intensity of CQDs-CH modified with vancomycin (CQDs-CH-V). At 2.50 mg/mL EDC and
NHS, the fluorescence intensity value highest of CQDs-CH modified with vancomycin
(CQDs-CH-V). But because the researchers want to use the EDC and NHS in small
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quantities. But the CQDs-CH modified with vancomycin (CQDs-CH-V) still provides good
exposure. Therefore, the researcher chose the 1.00 mg/mL EDC and NHS functioned
as crosslinking agents (pH6).
4.4.2 Fluorescence intensity of CQDs-CH-V at various EDC and NSH
concentration at pH7
The results of the optimization for higher fluorescence intensity value of CQDsCH modified with vancomycin (CQDs-CH-V) when used with 0.25, 0.50, 1.00 and 2.50
mg/mL EDC and NHS functioned as crosslinking agents (pH6). At 1.00 mg/mL EDC and
NHS functioned as cross linking agents (pH6) researcher chose.

Figure 4.11: Graph of fluorescence intensity of CQDs-CH-V at various EDC and NSH
concentration at pH7
Then the researcher studied the optimization for higher fluorescence intensity
value of CQDs-CH modified with vancomycin (CQDs-CH-V). We used with 1.00 and 2.5
mg/mL EDC and NHS at pH7. As shown in Figure 4.11, the result of fluorescent intensity
of CQDs-CH modified with vancomycin (CQDs-CH-V). At 1.00 mg/mL EDC and NHS, the
fluorescence intensity value highest of CQDs-CH modified with vancomycin (CQDs-CHV). Therefore, the researcher chose the 1.00 mg/mL EDC and NHS functioned as
crosslinking agents (pH7).
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4.4.3 Fluorescence intensity of CQDs-CH-V at pH 6 and pH 7
The results of the optimization for higher fluorescence intensity value of CQDsCH modified with vancomycin (CQDs-CH-V) when used with 1.00 and 2.50 mg/mL EDC
and NHS functioned as crosslinking agents (pH7). From the result, the chosen condition
was 1.00 mg/mL EDC and NHS functioned as cross linking agents (pH7).

Figure 4.12: Graph of fluorescence intensity of CQDs-CH-V at pH 6 and pH 7
Then the researcher studied the optimization for higher fluorescence intensity
value of CQDs-CH modified with vancomycin (CQDs-CH-V) at 1.00 mg/mL EDC and NHS
functioned as cross linking agents with pH6 and pH7. As shown in Figure 4.12, the result
of fluorescent intensity of CQDs-CH modified with vancomycin (CQDs-CH-V) at 1.00
mg/mL EDC and NHS functioned as cross linking agents with pH6 and pH7. At 1.00
mg/mL EDC and NHS pH7, the fluorescence intensity value highest of CQDs-CH
modified with vancomycin (CQDs-CH-V). Therefore, the researcher chose the 1.00
mg/mL EDC and NHS functioned as crosslinking agents at pH7.
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4.4.4 Fluorescence intensity of at vancomycin various
concentration at pH7
The results of the optimization for higher fluorescence intensity value of CQDsCH modified with vancomycin (CQDs-CH-V) has been showed in figure 4.13. At 1.00
mg/mL EDC and NHS pH7, revealed the highest fluorescence intensity value of CQDsCH modified with vancomycin (CQDs-CH-V). Therefore, the condition of 1.00 mg/mL
EDC and NHS functioned as crosslinking agents at pH7 was chosen for the follower
investigations.

Figure 4.13: Graph of fluorescence intensity of at vancomycin various concentrations
Then the researcher studied the optimization of higher fluorescence intensity
value of CQDs-CH modified with vancomycin (CQDs-CH-V). Firstly, we studied of
fluorescent intensity of vancomycin, as shown in Figure 4.13: graph of fluorescence
intensity of at vancomycin various concentrations (1.00, 2.00, 3.00, 4.00 and 5.00
mg/mL vancomycin). The fluorescent intensity of vancomycin increased when
vancomycin concentrations were increased. At 1.00 mg/mL vancomycin, the
fluorescence intensity value was the highest one. Therefore, the researcher chose the
1.00 mg/mL vancomycin for used modified with CQDs-CH.
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4.4.5 Fluorescence intensity of CQDs-CH-V at various vancomycin
concentrations at pH7
The results of the optimization for higher fluorescence intensity value of CQDsCH modified with vancomycin (CQDs-CH-V). At 1.00 mg/mL vancomycin, the
fluorescence intensity value highest. Therefore, the researcher chose the 1.00 mg/mL
vancomycin for used modified with CQDs-CH.

Figure 4.14: Graph of fluorescence intensity of CQDs-CH-V at various vancomycin
concentrations at pH7
Then the researcher studied the optimization for higher fluorescence intensity
value of CQDs-CH modified with vancomycin (CQDs-CH-V). We used with 1.00, 2.00,
3.00, 4.00 and 5.00 mg/mL vancomycin. As shown in Figure 4.14, the result of
fluorescent intensity of CQDs-CH modified with vancomycin (CQDs-CH-V). At 1.00
mg/mL vancomycin, the fluorescence intensity value highest of CQDs-CH modified with
vancomycin (CQDs-CH-V).
Results of the optimization of CQDs-CH modified with vancomycin (CQDs-CHV). When analyzing the value of fluorescence intensity of CQDs-CH-V at various EDC
and NSH concentration at pH6 and 7 and various vancomycin concentrations. At 1.00
mg/mL EDC, NHS and vancomycin at pH 7, the fluorescence intensity value highest of
CQDs-CH modified with vancomycin (CQDs-CH-V) (Zhong et al., 2015). Therefore, the
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researcher chose the 1.00 mg/mL vancomycin for used modified with CQDs-CH for
detection for biosensor application.
4.5 Characterization of the Carbon Quantum dots-chitosan-vancomycin
conjugated (CQDs-CH-V)
4.5.1 Characterization the functional groups with FTIR of the
Carbon Quantum dots-chitosan-vancomycin conjugated
(CQDs-CH-V)
For the CQDs-CH modified with vancomycin. The surface functional groups of
the Carbon Quantum dots, chitosan, vancomycin and Carbon Quantum dots-chitosanvancomycin conjugated (CQDs-CH-V) were validated by Fourier Transform Infrared
spectrometer (FTIR).

Figure 4.15: FTIR spectrum of Carbon Quantum dots (red), chitosan (green),
vancomycin (purple) and CQDs-CH-V (blue)
As shown in Figure 4.15, for Carbon Quantum dots, the absorption band
appearing at 2900-3500 cm−1 was assigned to stretching vibrations of O–H that is
overlapped is C-H stretching of CH3 and CH2 of CQDs. Meanwhile, the absorption band
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appearing at 2100-2270 cm−1 referring to the stretching vibrations of C=C=O of Carbon
Quantum dots. Moreover, the band at 1600-1700 cm−1 was related with the stretching
vibrations of C=O of Carbon Quantum dots has been previously attributed. (Rajar,
Sirajuddin et al., 2018).
For chitosan, the absorption band appearing at 3300 cm−1 was assigned to
stretching vibrations of N-H that is the broad peak of O-H stretching at 3200-3500 cm−1.
Meanwhile, the absorption band appearing at 1630-1695 cm−1 referring to the
stretching vibrations of C=O of amide (CONCH2) group and the absorption band
appearing at 1400-1430 cm−1 represents the vibration of O-H bending. Moreover, the
band at 1000-1300 cm−1 was related with the stretching vibrations of O-C may was the
vibration of O bridge of chitosan. Meanwhile, the absorption band appearing at 28003000 cm−1 shows the vibration of C-H stretching of CH3, CH2, or CH which is overlapped
with the vibration of C=O of amide group (CONHR) of chitosan and the absorption band
appearing at 890 cm−1 represents the vibration of C-H from polysaccharide structure
has been previously attributed (Sathiyabama and Parthasarathy 2016).
For vancomycin, the absorption band appearing at 3300 cm−1 was assigned to
stretching vibrations of N-H that is the broad peak of O-H stretching at 3200-3500 cm−1.
Meanwhile, the absorption band appearing at 1630-1695 cm−1 referring to the
stretching vibrations of C=O of amide (CONCH2) group. Moreover, 1400-1430 cm−1
represents the vibration of O-H bending (Kaur, Goyal et al., 2018). The bands at 1653
cm-1 for C=O stretching (Amide-I), at 1505 cm-1 for C=C stretching, at 1230 cm-1 for CO-C stretching and at 1062 cm-1 for C-N (aliphatic amine) stretching; which is in
accordance with the standard FTIR data of vancomycin (Mills et al., 2018).
In case of CQDs-CH-V, all the characteristic bands that are observed in Carbon
Quantum dots, Chitosan and vancomycin have again appeared indicating that the
vancomycin is compatible with the selected polymer chitosan.
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4.6 Cytotoxicity of Carbon Quantum Dots, chitosan and CQDs-CH
4.6.1 Growth curves of Staphylococcus aureus for 24 h. in nutrient
broth
Because carbon is non-toxic, so we studied the toxicity of Carbon Quantum
Dots, chitosan, vancomycin and CQDs-CH on Staphylococcus aureus. The growth
curves of Staphylococcus aureus for 24 h in nutrient broth show in Figure 4.16: Growth
curve of Staphylococcus aureus in nutrient broth.

Figure 4.16: Growth curves of Staphylococcus aureus for 24 h. in nutrient broth
Because the growth of bacteria at “late stationary phase” was the one that
required for the investigation, so we kept the bacteria up to that point in time to get
the bacteria to test the toxicity of the Carbon Quantum Dots, chitosan, vancomycin
and CQDs-CH (Ding et al., 2017). During 8-10 h of growth curve, the growth rate was
“late stationary phase”. Therefore, at 8-10 h of growth curves was selected for the
following investigation of the toxicity of the Carbon Quantum Dots, chitosan,
vancomycin and CQDs-CH.
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4.6.2 Cytotoxicity of CQDs, chitosan vancomycin and CQDs-CH on
Staphylococcus aureus for 24 h. in M9 minimal medium
The results of the growth curves of Staphylococcus aureus for 24 h in nutrient
broth. At during 8-10 h of growth curves, the growth rate was “late stationary phase”.
Therefore, the researcher chose at during 8-10 h of growth curves for test the toxicity
of the Carbon Quantum Dots, chitosan, vancomycin and CQDs-CH.
Then the researcher studied the cytotoxicity of CQDs, chitosan, vancomycin
and CQDs-CH on Staphylococus aureus in M9 minimal medium. We used with 0.25
mg/mL Carbon Quantum dots, 0.20% w/v chitosan, 0.02 mg/mL vancomycin and
CQDs-CH (0.10 mg/mL CQDs, 0.20% w/v chitosan) for 24 h. in M9 minimal medium
show in Figure 4.17

Figure 4.17: Cytotoxicity of CQDs, chitosan vancomycin and CQDs-CH on
Staphylococcus aureus for 24 h. in M9 minimal medium
As shown in Figure 40, the result of Cytotoxicity of CQDs, chitosan, vancomycin
and CQDs-CH on Staphylococcus aureus for 24 h. in M9 minimal medium. These
results indicate that 0.25 mg/mL Carbon Quantum dots, 0.20% w/v chitosan, 0.02
mg/mL vancomycin and CQDs-CH (0.10 mg/mL CQDs, 0.20% w/v chitosan) are
exhibited non-toxicity for Staphylococcus aureus, which confirms that the 0.25 mg/mL
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Carbon Quantum dots, 0.20% w/v chitosan, 0.02 mg/mL vancomycin and CQDs-CH
(0.10 mg/mL CQDs, 0.20% w/v chitosan) acted as eco-friendly biological.
When analyzing the statistics, growth curves of Staphylococcus aureus in M9
minimal medium with growth curves of Staphylococcus aureus in M9 minimal medium
at mixed 0.25 mg/mL Carbon Quantum dots, 0.20% w/v chitosan, 0.02 mg/mL
vancomycin and CQDs-CH (0.10 mg/mL CQDs, 0.20% w/v chitosan) , showed no
statistically significant difference at p-value 0.05.
Compared to the cytotoxicity of CQDs in Escherichia coli and Saccharomyces
cerevisiae by using CQDs concentration ranging from 0.00 to 400 mg/mL (Mehta, Jha
et al., 2014). The results indicate that CQDs are exhibited non-toxicity up to 400 mg/mL
for E. coli and S. cerevisiae. However, vancomycin are still toxic to Staphylococcus
aureus. Vancomycin is recommended for the treatment of S. aureus and methicillinresistant S. aureus (MRSA) infections (Liu, Bayer et al., 2011).
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4.7 Detection of Staphylococcus aureus by using CQDs-CH-V
4.7.1 Growth curves of Staphylococcus aureus for 27 h in luria
bertani broth
The results of the optimization for higher fluorescence intensity value of CQDsCH modified with vancomycin (CQDs-CH-V). At 1.00 mg/mL vancomycin, the
fluorescence intensity value highest of CQDs-CH modified with vancomycin (CQDs-CHV). Therefore, the researcher chose the 1.00 mg/mL vancomycin for used modified
with CQDs-CH for detection of biosensor application.
Because we want to grow bacteria at “stationary phase”, so we kept the
bacteria up to that point in time to get the bacteria for detecting with CQDs-CH
modified with vancomycin (CQDs-CH-V).
Growth curve of Staphylococcus aureus in Luria Bertani broth

Figure 4.18: Growth curves of Staphylococcus aureus for 27 h in Luria Bertani broth
The growth curves of Staphylococcus aureus for 27 h in Luria Bertani broth
show in Figure 4.18. At during 15-27 h of growth curves, the growth rate was “stationary
phase”. Therefore, the researcher chose at during 15-27 h of growth curves for for
detecting with CQDs-CH modified with vancomycin (CQDs-CH-V).
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4.7.2 Detection of Staphylococcus aureus by using CQDs-CH-V
The growth curves of Staphylococcus aureus for 27 h in Luria Bertani broth. At
during 15-27 h of growth curves, the growth rate was “stationary phase”. Therefore,
the researcher chose at during 15-27 h of growth curves for detecting with CQDs-CH
modified with vancomycin (CQDs-CH-V).
Then the researcher studied the detection of bacteria by using CQDs-CH-V.
Towards the purpose of detecting, bacteria samples (Staphylococcus aureus,
Escherichia coli, Bacillus subtilis, Enterobacter cloacae, Pseudomonas aeruginosa and
Klebsiella pneumoniae (7.1×1014 cfu/mL for each)) were diluted by using phosphate
buffered saline. Then CQDs-CH-V was mixed respectively with each sample described
here, and incubated for 50 min, and fluorescence variations of CQDs-CH-V were further
recorded by Fluorescence spectrophotometer show in figure 4.19

Figure 4.19: Fluorescence intensity (F0-F) of CQDs-CH-V in the presence of S. aureus,
E. coli, Bacillus subtilis, Enterobacter cloacae, Pseudomonas aeruginosa and
Klebsiella pneumoniae (7.1×1014 cfu/mL for each) respectively.
The results (Figure 4.19) indicated that the fluorescence intensity (F0-F) of
CQDs-CH-V in the presence of S. aureus, E. coli, Bacillus subtilis, Enterobacter cloacae,
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Pseudomonas aeruginosa and Klebsiella pneumoniae (7.1×1014 cfu/mL for each)
respectively at 435 and 450 nm. The fluorescence intensity (F0-F) of CQDs-CH-V at 435
nm ( emission spectra) are higher than at 450 nm in all. Fluorescence intensity (F0-F)
of CQDs-CH-V in the presence of S. aureus at 435 nm value highest.
When analyzing the statistics, fluorescence intensity (F0-F) of CQDs-CH-V in the
presence of Staphylococcus aureus with other bacteria ( E. coli, Bacillus subtilis,
Enterobacter cloacae, Pseudomonas aeruginosa and Klebsiella pneumoniae (7.1×1014
cfu/mL for each)) showed statistically significant difference at p-value 0.05.
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CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS
Conclusions
The Carbon Quantum Dots (CQDs) here were synthesized with succinic acid in
deionized water with glycerol. Then the solution was sonicated in sonicator for 15 min
until obtain homogenous solution. After that the solution was heated in oven at 200
°C for 6 hours. Subsequently, this product was dissolved in deionized water and filter
the solution with filter paper, and adjust pH to neutral (about 7-8) (using nitric acid or
potassium hydroxide), and dialysis for 3 days using 1000 MWCO of dialysis membrane,
and to centrifugation (10000 rpm, 15 minutes). The powder of Carbon Quantum Dots
(CQDs) was obtained by freeze drying.
Firstly, the maximum excitation and emission spectra of the synthesized Carbon
Quantum dots were recorded as 280 nm and 435 nm respectively, and the result of
the fluorescence intensity of 0.01, 0.05, 0.10, 0.50 and 0.75 mg/mL Carbon Quantum
dots. When the concentration of CQDs increased, the fluorescence intensity value is
higher.
The results of standard curve of Carbon Quantum dots with its correlation
coefficient of 0.9998.The particle size of Carbon Quantum dots of ~ 1-4 nm with TEM
and 176.7 nm with DLS measurement. The surface functional groups of the Carbon
Quantum dots were validated by Fourier transform infrared spectrometer (FTIR). The
absorption band appearing at 2900-3500 cm−1 was assigned to stretching vibrations of
O–H that is overlapped is C-H stretching of CH3 and CH2 of CQDs. Meanwhile, the
absorption band appearing at 2100-2270 cm−1 referring to the stretching vibrations of
C=C=O of Carbon Quantum dots. Moreover, the band at 1600-1700 cm−1 was related
with the stretching vibrations of C=O of Carbon Quantum dots.
For the optimization for encapsulation Carbon Quantum Dots in chitosan
(CQDs-CH), the results of the study of the optimal conditions of for encapsulation
Carbon Quantum Dots in chitosan (CQDs-CH). At 0.10 mg/mL Carbon Quantum dots
with 0.20% w/v chitosan encapsulation is optimized condition. The average size of
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chitosan and Carbon Quantum dots-chitosan conjugated (CQDs-CH) was ~ 142.9 nm
and 182.9 nm respectively. Then, characterization the functional groups with FTIR of
the Carbon Quantum dots-chitosan conjugated (CQDs-CH). In comparison to FTIR
spectrum of Carbon Quantum dots and chitosan, the peaks at 3388 and 1635 cm−1
could be observed for the Carbon Quantum Dots–chitosan conjugated (CQDs-CH)
arising from NH band, which indicated that chitosan had been modified on the Carbon
Quantum dots. Furthermore, the same characteristic absorption peaks of the chitosan
appeared in the spectrum of Carbon Quantum dots. Compared the spectra of Carbon
Quantum dots and Carbon Quantum Dots–chitosan conjugated (CQDs-CH), there were
some changes on the peaks (3000–3700 cm−1) due to the interaction of Carbon
Quantum dots with NH stretching band
Next, optimization of CQDs-CH modified with vancomycin (CQDs-CH-V), with 3
conditions: various EDC and NSH concentration at pH6, various EDC and NSH
concentration at pH7 and various vancomycin concentrations, At 1.00 mg/mL EDC and
NHS functioned as crosslinking agents at pH7 with 1.00 mg/mL vancomycin, the
fluorescence intensity value highest of CQDs-CH modified with vancomycin (CQDs-CHV). Therefore, the researcher chose the 1.00 mg/mL vancomycin for used modified
with CQDs-CH for detection for biosensor application.
Howsoever, compared with that of FTIR spectrum of Carbon Quantum dots,
chitosan, vancomycin and Carbon Quantum dots-chitosan-vancomycin conjugated
(CQDs-CH-V). In case of CQDs-CH-V, all the characteristic bands that are observed in
Carbon Quantum dots, Chitosan and vancomycin have again appeared indicating that
the vancomycin is compatible with the selected polymer chitosan.
After that, cytotoxicity of Carbon Quantum Dots, chitosan and CQDs-CH on
Staphylococcus aureus for 24 h in M9 minimal medium. These results indicate that
0.25 mg/mL Carbon Quantum dots, 0.20% w/v chitosan, 0.02 mg/mL vancomycin and
CQDs-CH (0.10 mg/mL CQDs, 0.20% w/v chitosan) are exhibited non-toxicity for
Staphylococcus aureus, which confirms that the Carbon Quantum dots, 0.20% w/v
chitosan, 0.02 mg/mL vancomycin and CQDs-CH (0.10 mg/mL CQDs, 0.20% w/v
chitosan) acted as eco-friendly biological. However, vancomycin are still toxic to
Staphylococcus aureus.
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The results of fluorescence intensity (F0-F) of CQDs-CH-V in the presence of
S. aureus, E. coli, Bacillus subtilis, Enterobacter cloacae, Pseudomonas aeruginosa
and Klebsiella pneumoniae (7.1×1014 cfu/mL for each) respectively at 435 and 450
nm. The fluorescence intensity (F0-F) of CQDs-CH-V at 435 nm (emission spectra) are
higher than at 450 nm in all. Fluorescence intensity (F0-F) of CQDs-CH-V in the presence
of S. aureus at 435 nm value highest. When analyzing the statistics, fluorescence
intensity (F0-F) of CQDs-CH-V in the presence of Staphylococcus aureus with other
bacteria (E. coli, Bacillus subtilis, Enterobacter cloacae, Pseudomonas aeruginosa and
Klebsiella pneumoniae (7.1×1014 cfu/mL for each)) showed statistically significant
difference at p-value 0.05.

Recommendations
The advantage of this method was fast detection result could observe by
fluorescence intensity, all process took the time for 50 min and do not need
complicated sample preparation. For the analysis of drug resistance, it may be
necessary to use higher concentrations of drugs and if using precursors for the synthesis
of Carbon Quantum dots, polyamide type groups are more suitable than polyester
type because they are more stable.

Ref. code: 25615809032120PFB

57

REFERENCES
Baker Sheila , N., & Baker Gary , A. (2 01 0) . Luminescent Carbon Nanodots:
Emergent Nanolights. Angewandte Chemie International Edition, 49(38), 6726-6744.
Bodnar, M., Hartmann, J. F., & Borbely, J. (2 0 0 5 ) . Preparation and
Characterization of Chitosan-Based Nanoparticles. Biomacromolecules, 6( 5 ) , 2 5 2 1 2527.
Dancer, R. J., Try, A. C., Sharman, G. J., & Williams, D. H. (1 996) . Binding of a
vancomycin group antibiotic to a cell wall analogue from vancomycin-resistant
bacteria. Chemical Communications(12), 1445-1446.
Ding, T., Suo, Y., Zhang, Z., Liu, D., Ye, X., Chen, S., & Zhao, Y. (2017). A multiplex
rt-pcr assay for s. Aureus, l. Monocytogenes, and salmonella spp. Detection in raw milk
with pre-enrichment (Vol. 8).
E., T. A., N., E. M., N., K. A., V., N. D., I., P. V., L., F. A., & A., S. S. (2018). Synthesis
of Luminescent N‐Doped Carbon Dots by Hydrothermal Treatment. physica status
solidi (b), 255(1), 1700222.
H Varnam, A. (2018). Foodborne pathogens : an illustrated text / A. H. Varman,
M. G. Evans.
Illum, L. (1998). Chitosan and its use as a pharmaceutical excipient. Pharm Res,
15(9), 1326-1331.
Jia, F., Duan, N., Wu, S., Ma, X., Xia, Y., Wang, Z., & Wei, X. (2014). Impedimetric
aptasensor for Staphylococcus aureus based on nanocomposite prepared from
reduced graphene oxide and gold nanoparticles. Microchimica Acta, 181(9), 967-974.
Kaur, A., Goyal, D., & Kumar, R. (2 01 8) . Surfactant mediated interaction of
vancomycin with silver nanoparticles. Applied Surface Science, 449, 23-30.
Lin, Y.-S., Tsai, P.-J., Weng, M.-F. , & Chen, Y.-C. (2 005 ) . Affinity Capture Using
Vancomycin-Bound Magnetic Nanoparticles for the MALDI-MS Analysis of Bacteria.
Analytical Chemistry, 77(6), 1753-1760.
Liu, C., Bayer, A., Cosgrove, S. E., Daum, R. S., Fridkin, S. K., Gorwitz, R. J., . anf
Chambers, H. F. (2011). Clinical Practice Guidelines by the Infectious Diseases Society

Ref. code: 25615809032120PFB

58

of America for the Treatment of Methicillin-Resistant Staphylococcus aureus Infections
in Adults and Children. Clinical Infectious Diseases, 52(3), e18-e55.
Luo, L., Bian, Y., Liu, Y., Zhang, X., Wang, M., Xing, S., Li, Lei. and Gao, D. (2016).
Combined near infrared photothermal therapy and chemotherapy using gold
nanoshells coated liposomes to enhance antitumor effect (Vol. 12).ODI:
10.1002/smll.201503961

Mansur, H. S., Mansur, A. A. P., Soriano-Araújo, A., Lobato, Z. I. P., de Carvalho,
S. M., & Leite, M. d. F. (2015). Water-soluble nanoconjugates of quantum dot-chitosanantibody for in vitro detection of cancer cells based on “enzyme-free”
fluoroimmunoassay. Materials Science and Engineering: C, 52, 61-71.
Mehta, V. N., Jha, S., & Kailasa, S. K. (2014). One-pot green synthesis of carbon
dots by using Saccharum officinarum juice for fluorescent imaging of bacteria
(Escherichia coli) and yeast (Saccharomyces cerevisiae) cells. Materials Science and
Engineering: C, 38, 20-27.
Mills TIII, Roberson JC, Matchett CC, Simon MJ, Burns MD, and Ollis RJ.,
Instrumental Data for Drug Analysis 3rd edn. Vol-4., Florida, CRC Taylor & Francis, 2006:
3232-3233.
Muxika, A., Zugasti, I., Guerrero, P., & De la Caba, K. (2 01 8) . Applications of
Chitosan in Food Packaging.
Namvar, F., Azizi, S., Ahmad, MB., Shameli, K., Mohamad, R., Mahdavi, M. and
Tahir, PMd. Green synthesis and characterization of gold nanoparticles using the marine
macroalgae Sargassum muticum. Research on Chemical Intermediates. 2015; 41 (8):
5723-5730.
Rajar, K., Sirajuddin, Balouch, A., Bhanger, M. I., Shah, M. T., Shaikh, T., & Siddiqui,
S. (2018). Succinic acid functionalized silver nanoparticles (Suc-Ag NPs) for colorimetric
sensing of melamine. Applied Surface Science, 435, 1080-1086.
Sathiyabama, M., & Parthasarathy, R. (2016). Biological preparation of chitosan
nanoparticles and its in vitro antifungal efficacy against some phytopathogenic fungi.
Carbohydrate Polymers, 151, 321-325.

Ref. code: 25615809032120PFB

59

Shahidi, F., Kamil Vidana Arachchi, J., & Jeon, Y.-J. (1999). Food Applications of
Chitin and Chitosan (Vol. 10).
Somner, E. A., & Reynolds, P. E. (1990). Inhibition of peptidoglycan biosynthesis
by ramoplanin. Antimicrobial Agents and Chemotherapy, 34(3), 413-419.
Tan, W. B., Huang, N., & Zhang, Y. (2 007 ) . Ultrafine biocompatible chitosan
nanoparticles encapsulating multi-coloured quantum dots for bioapplications. Journal
of Colloid and Interface Science, 310(2), 464-470.
Toan Nguyen, V., & Hanh Tran, T. (2013). Application of chitosan solutions for
rice production in Vietnam (Vol. 12).
Yang, Y., Cui, J., Zheng, M., Hu, C., Tan, S., Xiao, Y. and Liu, Y. (2012). One-step
synthesis of amino-functionalized fluorescent carbon nanoparticles by hydrothermal
carbonization of chitosan. Chemical Communications, 48(3), 380-382.
Zhao, H. L., Qiu, F., Jin, S. B., & Jiang, Q. C. (2011). High work-hardening effect
of the pure NiAl intermetallic compound fabricated by the combustion synthesis and
hot pressing technique. Materials Letters, 65(17), 2604-2606.
Zhong, D., Zhuo, Y., Feng, Y., & Yang, X. (2015). Employing carbon dots modified
with vancomycin for assaying Gram-positive bacteria like Staphylococcus aureus.
Biosensors and Bioelectronics, 74, 546-553.

Ref. code: 25615809032120PFB

60

APPENDICES

Ref. code: 25615809032120PFB

61

APPENDIX A
Table of fluorescence intensity data
Table A1: Fluorescence intensity data of Carbon Quantum dots

Table A2: Fluorescence intensity data of Carbon Quantum dots at 435 nm
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Table A3: Fluorescence intensity data of chitosan at 435 nm
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Table A4: the percent of encapsulation of Carbon Quantum Dots in chitosan (CQDsCH) with various chitosan concentrations
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Table A5: the percent of encapsulation of Carbon Quantum Dots in chitosan (CQDsCH) with various Carbon Quantum dots concentration
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Table A6: Data of fluorescence intensity of CQDs-CH-V at various EDC and NSH
concentration at pH6

Table A7: Data of fluorescence intensity of CQDs-CH-V at various EDC and NSH
concentration at pH7
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Table A8: Data of fluorescence intensity of at vancomycin various concentration

Table A9: Data of fluorescence intensity of CQDs-CH-V at various vancomycin
concentrations at pH7
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Table A10: Data of fluorescence intensity (F0-F) of CQDs-CH-V in the presence of
S. aureus, E. coli, Bacillus subtilis, Enterobacter cloacae, Pseudomonas
aeruginosa and Klebsiella pneumoniae (7.1×1014 cfu/mL for each) respectively.
(435 nm)

Table A11: Data of fluorescence intensity (F0-F) of CQDs-CH-V in the presence of
S. aureus, E. coli, Bacillus subtilis, Enterobacter cloacae, Pseudomonas
aeruginosa and Klebsiella pneumoniae (7.1×1014 cfu/mL for each) respectively.
(450 nm)
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APPENDIX B
Result data of Standard curve of Carbon Quantum dots

Figure B1: Standard curve of Carbon Quantum dots
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APPENDIX C
Result data of Carbon Quantum dots, chitosan and CQDs-CH size
measurement and zeta potential of the Carbon Quantum dots

Figure C1: Result data of Carbon Quantum Dots size measurement

Figure C2: Result data of chitosan size measurement

Figure C3: Result data of CQDs-CH size measurement

Figure C4: Result data of zeta potential of the Carbon Quantum dots

Ref. code: 25615809032120PFB

70

APPENDIX D
Table of absorption data
Table D1: Absorption data Staphylococcus aureus in nutrient broth
OD600nm
Time
Average SD
(hr.)
1
2
3
0

0.000

0.000

0.000

0.000

0.000

2

0.054

0.060

0.045

0.053

0.008

4

0.478

0.466

0.385

0.443

0.051

6

1.318

1.353

1.268

1.313

0.043

8

1.658

1.688

1.632

1.659

0.028

10

1.879

1.813

1.825

1.839

0.035

12

1.932

1.957

1.931

1.940

0.015

14

2.000

2.000

1.989

1.996

0.006

16

2.002

2.002

2.004

2.003

0.001

18

1.984

1.984

1.984

1.984

0.000

20

1.956

1.956

1.951

1.954

0.003

22

1.902

1.903

1.906

1.904

0.002

24

1.804

1.813

1.817

1.811

0.007
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Table D2: Absorption data of Staphylococcus aureus in luria bertani broth
OD600nm
Time
Average
SD
(hr.)
1
2
3
0

0.032

0.033

0.033

0.033

0.001

3

0.585

0.584

0.609

0.593

0.014

6

0.944

1.002

1.003

0.983

0.034

9

0.995

1.064

1.068

1.042

0.041

12

1.090

1.089

1.095

1.091

0.003

15

1.224

1.139

1.140

1.168

0.049

18

1.193

1.111

1.113

1.139

0.047

21

1.121

1.124

1.125

1.123

0.002

24

1.145

1.148

1.147

1.147

0.002

27

1.168

1.166

1.160

1.165

0.004
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Table D3: Absorption data of Staphylococcus aureus in M9 minimal media
OD600nm
Time
Average SD
(hr.)
1
2
3
0

0.000

0.000

0.000

0.000

0.000

3

0.308

0.318

0.302

0.309

0.008

6

0.455

0.500

0.451

0.469

0.027

9

0.586

0.556

0.552

0.565

0.019

12

0.559

0.630

0.618

0.602

0.038

15

0.552

0.555

0.621

0.576

0.039

18

0.500

0.502

0.507

0.503

0.004

21

0.441

0.446

0.445

0.444

0.003

24

0.397

0.353

0.385

0.378

0.023
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Table D4: Absorption data of Staphylococcus aureus in M9 minimal media with
0.20% chitosan added
OD600nm
Time
Average SD
(hr.)
1
2
3
0

0.000

0.000

0.000

0.000

0.000

3

0.316

0.403

0.379

0.366

0.045

6

0.538

0.582

0.526

0.549

0.029

9

0.603

0.678

0.641

0.641

0.038

12

0.720

0.595

0.631

0.649

0.064

15

0.553

0.576

0.581

0.570

0.015

18

0.500

0.507

0.502

0.503

0.004

21

0.450

0.452

0.451

0.451

0.001

24

0.427

0.393

0.469

0.430

0.038

Ref. code: 25615809032120PFB

74

Table D5: Absorption data of Staphylococcus aureus in M9 minimal media with 0.02
mg/mL vancomycin added
OD600nm
Time
Average SD
(hr.)
1
2
3
0

0.000

0.000

0.000

0.000

0.000

3

0.190

0.182

0.164

0.179

0.013

6

0.168

0.168

0.169

0.168

0.001

9

0.174

0.170

0.169

0.171

0.003

12

0.139

0.149

0.140

0.143

0.006

15

0.134

0.144

0.127

0.135

0.009

18

0.127

0.126

0.127

0.127

0.001

21

0.125

0.126

0.125

0.125

0.001

24

0.110

0.112

0.145

0.122

0.020
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Table D6: Absorption data of Staphylococcus aureus in M9 minimal media with 0.25
mg/mL CQDs added
OD600nm
Time
Average SD
(hr.)
1
2
3
0

0.000

0.000

0.000

0.000

0.000

3

0.270

0.322

0.328

0.307

0.032

6

0.524

0.525

0.497

0.515

0.016

9

0.592

0.616

0.652

0.620

0.030

12

0.620

0.734

0.737

0.697

0.067

15

0.607

0.650

0.657

0.638

0.027

18

0.591

0.594

0.595

0.593

0.002

21

0.588

0.585

0.584

0.586

0.002

24

0.566

0.618

0.542

0.575

0.039
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Table D7: Absorption data of Staphylococcus aureus in M9 minimal media with 0.10
mg/mL CQDs and 0.20% chitosan added
OD600nm
Time
Average SD
(hr.)
1
2
3
0

0.000

0.000

0.000

0.000

0.000

3

0.359

0.364

0.355

0.359

0.005

6

0.593

0.537

0.495

0.542

0.049

9

0.839

0.608

0.611

0.686

0.133

12

0.612

0.626

0.532

0.590

0.051

15

0.550

0.553

0.480

0.528

0.041

18

0.470

0.472

0.477

0.473

0.004

21

0.455

0.451

0.453

0.453

0.002

24

0.427

0.393

0.469

0.430

0.038
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APPENDIX E
Statistical Analysis

Figure E1: The fluorescence intensity of CQDs-CH at 435 nm and the percent of
encapsulation with various chitosan concentrations. (0.10 mg/mL Carbon
Quantum Dots with 0.01, 0.05, 0.10, 0.15 and 0.20 % w/v chitosan) in one way
ANOVA data that has least one pair difference is significant at the 0.05 level.

Figure E2: The fluorescence intensity of CQDs-CH at 435 nm and the percent of
encapsulation with various chitosan concentrations. (0.10 mg/mL Carbon
Quantum Dots with 0.01, 0.05, 0.10, 0.15 and 0.20 % w/v chitosan) in LSD data
that all pair difference is significant at the 0.05 level.
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Figure E3: The fluorescence intensity of CQDs-CH at 435 nm and the percent of
encapsulation with various Carbon Quantum Dots concentrations (0.20 % w/v
chitosan with 0.01, 0.05, 0.10, 0.50 and 0.75 mg/mL Carbon Quantum dots) in
one way ANOVA data that has least one pair difference is significant at the 0.05
level.

Figure E4: The fluorescence intensity of CQDs-CH at 435 nm and the percent of
encapsulation with various Carbon Quantum Dots concentrations (0.20 % w/v
chitosan with 0.01, 0.05, 0.10, 0.50 and 0.75 mg/mL Carbon Quantum dots) in
LSD data that all pair difference is significant at the 0.05 level.
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Figure E5: The fluorescence intensity of CQDs-CH-V at various EDC and NSH
concentration at pH7 in paired sample test data that has least one pair
difference is significant at the 0.05 level.

Figure E6: The fluorescence intensity of CQDs-CH-V at various vancomycin
concentrations at pH7 in one way ANOVA data that has least one pair
difference is significant at the 0.05 level.
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Figure E7: The fluorescence intensity of CQDs-CH-V at various vancomycin
concentrations at pH7 in LSD data that all pair difference is significant at the
0.05 level.

Figure E8: The cytotoxicity of CQDs, chitosan vancomycin and CQDs-CH on
Staphylococcus aureus for 24 h. in M9 minimal medium in one way ANOVA
data that has least one pair difference is significant at the 0.05 level.
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Figure E9: The cytotoxicity of CQDs, chitosan vancomycin and CQDs-CH on
Staphylococcus aureus for 24 h. in M9 minimal medium in LSD data that all
pair difference is significant at the 0.05 level.

Figure E10: Fluorescence intensity (F0-F) of CQDs-CH-V in the presence of S.
aureus, E. coli, Bacillus subtilis, Enterobacter cloacae, Pseudomonas
aeruginosa and Klebsiella pneumoniae (7.1×1014 cfu/mL for each) respectively
(435 nm) in one way ANOVA data that has least one pair difference is significant
at the 0.05 level.
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Figure E11: Fluorescence intensity (F0-F) of CQDs-CH-V in the presence of S.
aureus, E. coli, Bacillus subtilis, Enterobacter cloacae, Pseudomonas
aeruginosa and Klebsiella pneumoniae (7.1×1014 cfu/mL for each) respectively
(435 nm) in LSD data that all pair difference is significant at the 0.05 level.
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Figure E12: Fluorescence intensity (F0-F) of CQDs-CH-V in the presence of S.
aureus, E. coli, Bacillus subtilis, Enterobacter cloacae, Pseudomonas
aeruginosa and Klebsiella pneumoniae (7.1×1014 cfu/mL for each) respectively
(450 nm) in one way ANOVA data that has least one pair difference is significant
at the 0.05 level.
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Figure E13: Fluorescence intensity (F0-F) of CQDs-CH-V in the presence of S.
aureus, E. coli, Bacillus subtilis, Enterobacter cloacae, Pseudomonas
aeruginosa and Klebsiella pneumoniae (7.1×1014 cfu/mL for each) respectively
(450 nm) in LSD data that all pair difference is significant at the 0.05 level.
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