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OZET

KAFESTOL YUKLU ZnO NANOPARTIKULLERININ
SENTEZLENMESI ve KARAKTERIZASYONU

BALLICA, Giilsah

Yiiksek Lisans Tezi, Kimya Anabilim Dali
Tez Danismani: Dog. Dr. Yeliz YILDIRIM

Haziran 2019, 51 sayfa

Cinko metali canli metabolizmas: ic¢in olduk¢a Onem arz eden nadir
elementlerden bir tanesidir. Antibakteriyel, antimikrobiyal ve antikanser gibi
Ozellikleri nedeniyle bircok aragtirma grubu tarafindan yogun olarak
calisilmaktadir. Kafestol kahve yapisinda bulunan antimikrobiyal ve antikanser

Ozellikleri olan diterpendir.

Bu tez calismasinda antimikrobiyal aktiviteye sahip Kafestol-Kitosan-ZnO
nanopartikiil sisteminin sentezlenmesi amac¢lanmaktadir. Bu amacla, ¢inko oksit
(ZnO) nanopartikiillerinin istenilen boyutta sentezlenmesi icin reaksiyon
kosullarinin  optimizasyon ¢alismalari, sentezlenen nanopartikiillere kitosan
kaplanmasi ve kafestol molekiiliiniin baglanmasi yapilmistir. ZnO nanopartikiilleri
kimyasal ¢oktiirme metodu ile gerceklestirilen optimizasyon ¢alismalar1 sonucunda
45-60 nm boyut aralifinda sentezlenmistir. Sentezlenen ZnO nanopartikiilleri
kitosan dogal polimeri ile kaplanmasi sonrasinda antimikrobiyal aktiviteye sahip
kafestol molekiilii baglanmistir. Calisma esnasinda molekiillerin kimyasal yap1
analizleri Fourier Transform Infrared (FTIR) cihaziyla, boyut analizleri Malvern
Zeta Sizer ve Scanning Electron Microscope (SEM) yontemleriyle, termal
ozelllikleri Thermogravimeti Analysis (TG) ve Differential Scanning Calorimeter

(DSC) cihazlaryla incelenmistir.

Anahtar sozciikler: ZnO, nanopartikiil, kitosan, kimyasal ¢oktiirme, kafestol.
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ABSTRACT

THE SYNTHESIS of CAFESTOL LOADED ZnO NANOPARTICLES and
THEIR CHARACTERIZATION

BALLICA, Giilgsah
MSc in Chemistry
Supervisor: Assoc. Prof. Yeliz YILDIRIM

June 2019, 51 pages

Zinc metal is one of the rare elements, which is very important for the
metabolism of the human. Due to its properties such as antibacterial, antimicrobial
and anticancer, many research groups are working intensively. Cafestol is a

diterpene with antimicrobial and anticancer properties.

In this thesis, it is aimed to synthesize the Cafestol-CS-ZnO nanoparticle
system which has antimicrobial activity. For this purpose, the optimization of
reaction conditions for the synthesis of zinc oxide (ZnO) nanoparticles in the
desired size, chitosan coating of the synthesized nanoparticles and binding of the
cafestol molecule were performed. ZnO nanoparticles were synthesized in 45-60
nm size range as a result of optimization studies with chemical precipitation
method. After synthesized ZnO nanoparticles with chitosan natural polymer, the
cafestol molecule with antimicrobial activity was bound. During the study,
chemical structure analyzes of the molecules were investigated with Fourier
Transform Infrared (FTIR), size analyzes were performed by Malvern Zeta Sizer
and Scanning Electron Microscope (SEM) methods and their thermal properties
were examined with Thermogravimetry Analysis (TG) and Differential Scanning

Calorimeter (DSC) devices.

Key words: ZnO, nanoparticle, chitosan, chemical precipitation, cafestol.






X1

ONSOZ

Giliniimlizde Nanoteknolojiye artan ilgiyle birlikte yeni bir kavram
olan “nanopartikiiller” olduk¢a yaygin kullanilmaya baslamistir. Degisik
materyaller elde ederek ozellikle insan sagligi icin yararli sistemler

olusturulmaya c¢aligilmaktadir.

Cinko, insan viicudunda bulunan Oonemli bir iz elementtir. Fazlas1
kadar yoklugunun da zararli oldugu ¢inko, literatiirde birgok arastirmanin
¢ikis noktasi olarak yer almaktadir. Cinko sahip oldugu antimikrobiyal,
antibakteriyel ve antikanser gibi Ozellikler bakimindan oldukc¢a zengin
oldugu i¢in ilgimi ¢ekmis ve giincel bir konu olan nanopartikiil kavramiyla
birlikte kullanildiginda sahip oldugu ozelliklerin artmasi bakimindan tez

konumu belirlememde yardimci olmustur.

Zaman igerisinde insanin dogaya donmesiyle dogal kaynaklardan
nasil yararlanacag literatiirde arastirma konusu olup, dogal bir polimer olan
kitosan ve dogal bir kaynak olan kahveden elde edilen kafestol bu
caligmalarda yer alan malzemelerden bir kacidir. Kitosan ve kafestole

baktigimizda ikisinin de antibakteriyel 6zellige sahip oldugu goriilmektedir.

Cinko, kitosan ve kafestoliin birlikte kullanildigi bu tez ¢alismasinda

boyut, yap1 ve termal 6zellikleri inceledim.

[ZMIR
19 /06/ 2019

Giilsah BALLICA
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1. INTRODUCTION

As a result of the technological research with low cost and multi-product
opinion, the nanotechnology that emerged in 1959 started to attract great attention
with the increasing population. The need for raw materials and resources began to
emerge as a result of developing industrialization. Desired features are provided,

by changing the dimensions of materials with nanotechnology (Villaverde, 2010).

The increase interest in nanotechnology has led to an increase in the usage
area. Nanotechnology, especially in the medical and biomedical field, is important
to improve the quality of human health. In some studies, some cancer drugs have
been found to be ineffective due to the resistance of the tumor to these drugs. In
the study, it was observed that the drug given by Paclitaxel nanoparticles
exceeded the brain barrier, overcome the resistance, and the drug acted on the

brain cancer cells (Koizara et al., 2004).

Due to the deterioration of bronze and copper implants used for human
health in history and the erosion of metal prostheses, studies have been carried out
and the properties of these materials have been altered and their damage has been

eliminated (Giimiisdereli, 2002).

Various terms (nanocrystals, nanoparticle, nanotubes, etc.) have emerged
with nanotechnology. Nanoparticles, one of these terms, are highly preferred
materials with a size less than 100 nm. The nanosize of the materials is of great
importance in terms of both physical and chemical properties. The changing
properties of nano materials vary in their application areas. Nanoparticles are
classified as polymeric and metallic according to the usage areas. Polymeric
nanoparticles are especially used in drug delivery systems with synthesized
biocompatible polymers. Preferred reasons for these nanoparticles are; easy
sterilization, deterioration in physiological conditions, non-toxic and high active

substance loading capacity (Derman et al., 2013).

Metallic nanoparticles are generally synthesized in the form of metal oxides.

The size and surface properties of metal oxide nanoparticles increase their use



over normal size metal oxides. To improve biosensor performance, Au
nanoparticles were immobilized on the Silane-modified surface, resulting in
improved biosensor performance with bonds between Au nanoparticles and

enzymes (Kerman et al., 2008).

Metal oxide nanoparticles with antimicrobial properties are prominent in the
medical field. The metal ion in the nanoparticle provides a positive charge, binds
to the negative surface in the bacteria and causes cell death as a barrier to the

inhalation of the bacterial cell (Seil and Webster, 2012).

Zinc is a trace element that needs to be taken 20 mg daily and is present in
the structure of at least one enzyme in the living body (Fierke, 2000). Since zinc
plays a role in many events in human metabolism, many diseases are seen due to
zinc deficiency in metabolism. Growth retardation (Arcasoy, 2002), visual
impairment (Tate et al., 2002), diarrhea (Blanchard, 2000), sensorial disorders
(Sato and Kondah, 2002), cancer (Costello et al., 1999) and heart disorders

(Rostan et al., 2002) are seen in zinc deficiency.

Nanoparticle structures in the form of zinc oxide provide many physical and
chemical advantages. Zinc oxide nanoparticles are distinguished from other metal
oxides due to their biocompatibility and low toxicity. Zinc oxide nanoparticles
have different properties. Anticancer properties of zinc oxide nanoparticles; The
synthesized zinc oxide nanoparticles in the presence of mercaptopropionic acid , it
has been proven in studies conducted on breast cancer cells as a result of the
binding of curcumin to nanoparticles (Ghaffari et al., 2017). Antidiabetic
properties of zinc oxide nanoparticles; as a result of ZnO nanoparticles given to
diabetic rats at different doses, it was observed that these nanoparticles were
strong diabetic agents when glucose and insulin levels were measured
(Nazarizadeh and Asri-Rezai, 2015). The effects of zinc oxide nanoparticles
experiment against Pseudomonas aeruginosa bacteria were evaluated in vivo and
it was observed that zinc oxide nanoparticles had antibacterial properties
(Dwivedi et al.,, 2014). Considering to antifungal properties of zinc oxide

nanoparticles, the studies on Candida albicans, a pathogenic yeast, showed



inhibition of these yeasts due to the concentration of zinc oxide nanoparticles

(Lipovsky et al., 2011).

Biodegradable polymers that are insoluble in water and subject to changes
in physical and chemical properties with biological fluids are important today.
Chitosan, a biodegradable polymer, is produced from natural sources and is non-
toxic. Chitosan is attracting attention in many fields of industry due to its
functional groups such as amine, hydroxyl (Lee et al., 2004). Chitosan is used in
the treatment of wound. The effect of chitosan on the wound was tested in wounds
created in rats and chitosan had a positive effect on wound healing process (Cho

et al., 1999).

Complementary treatment favors the scientific medicine methods.
Alternative treatment is the treatment that cannot be scientifically proven (Tuncer,
2014). In alternative treatment, it is believed that plants and natural resources are
beneficial and healing effects. Studies are continuing to show that antioxidant

plants are effective in treating cancer (World Health Organization, 2018).

The coffee, which is among the most consumed beverages in the world,
consists of many components. Coffee contains purine derivatives, chlorogenic
acid derivatives and specific diterpenes such as cafestol, kahweol (IARC, 1991).
Cafestol, one of the components of coffee, exhibits anticancer and anti-
inflammatory properties (Cavin et al., 2002). In a study using cafestol, apoptosis
was induced in renal carcinoma lines (Chot et al., 2011). The antioxidant effect of
cafestol was investigated and a smaller amount of intracellular ROS (Reactive
Oxygen Species) was observed in cells exposed to H,O, when treated with
cafestol (Lee and Jeong, 2007). This feature of cafestol is of great importance
because the risk of cancer cells increases as the amount of ROS increases. The

properties of cafestol are still being investigated with current studies.

The aim of this thesis is to synthesize the CS-ZnO nanoparticles loaded with

cafestol and to make characterization studies of the synthesized structure.






2. GENERAL INFORMATION

2.1. Nanotechnology

When the measurement accuracy and development of technology were
examined, the process that started with the mechanical age, as the sensitivity
increased, went into the electronic age(10-10® m) and then to the nano age(10™-
107> m) (Erkog, 2014). The interest in technology is increasing day by day from
the perspective of developing societies. In order to define the nanometer (nm)
size, it can be considered that an ant is in the size of one million nanometers and
that the blood cells are thousands of nanometers and that the deoxyribonucleic
acid (DNA) molecules we know are in the nanometer size. The word nano
originates from the Greek word “nanos” and means “dwarf’. The sizes of the
nanostructures are usually between 10-100 nm. In 1959, Richard Feynman’s
speech term “nanotechnology” came from with the title “There’s Plenty of Room
at the Bottom”. According to Feynman, it was possible to see atoms, reduce
computers and treat patients with robotic pills. Only 27 years after Feynman’s

speech, atoms could be visualized with an atomic force microscope (AFM)

(Caltech, 1960).

In 1993, the first nanotechnology laboratory was established in the US, and
studies for the materials in nanoscale were accelerated. The positive results of the
studies have been observed and a significant amount of budget has been allocated
in the US in 2000 for nanotechnology research. In 2001, a short time after the
Zn0O nanowire laser was made, nanotechnology came into prominence with the

construction of nanocars in 2005 (Shirai et al., 2005).

Thanks to nanotechnology, the size of the materials can be reduced and the
electronic devices can be developed faster. The chemical and physical properties
of the materials have been changed, durable and easy-to-use versatile materials
have been started to be made. As a simple example, it was found that when the
gold element was normal size, it could not interact with the materials, on the other
hand, nano-scale gold type particles interacted easily with this materials

(Villaverde and Rodriguez-Carmona, 2010).



2.1.1. Nanotechnology and Usage Areas

The use of nanotechnology with the developing industry has expanded.
Some of these areas of use are medical applications, pharmaceuticals, textiles,
food industry and electronic-automotive fields. When the applications of
nanotechnology in medicine are examined, the concept of “nanomedicine” has
emerged with the use of nanotechnology. As a result of nanomedicine studies,
achievements were obtained for cancer treatment (Song et al., 2017), AIDS
treatment (Liu and Chen, 2016), nuclear medicine (Drude et al., 2017) and many

other diseases.

Feynman’s (Caltech, 1960) patient-robot situation, which he said was
possible in his speech in 1959, was produced by researchers and a two-armed
nanorobot was produced. This robot is placed in DNA origami to form the desired
DNA using its arms as a weapon. (Gu et al., 2010; Gu et al., 2009). Another use
of nanotechnology in the medical field is the prevention of deterioration of the
drug molecule to be transported using nanoparticles, regulation of this drug
molecule, and regulation of drug retention in drug delivery. Due to their advanced
properties, they can withstand physiological stress and pass through the blood
brain barrier to ensure proper distribution (Suri et al., 2007). The use of
nanotechnology in drug delivery systems is a preferred method for preventing side
effects caused by the spread of medicines used for therapeutic purpose. In the
literature, since the use of catheters for non-invasive bladder cancer is not a
comfortable method for the patient and the bladder has the desire to ejaculate for
two hours, it was seen that the drug was excreted. The drug delivered with
biodegradable nanoparticles reached the desired site and controlled release was
performed. In this way, it was seen that there was no need to use a catheter and
the patient began to take the drug under appropriate conditions (Bilensoy vd.,

2015).

Nanoparticles have been introduced into cosmetic field. The most
undesirable situation in the cosmetic industry is the lack of effective of the active
substance, which provides the desired effect in the product. It is unwanted that

most cosmetic products cannot penetrate the skin. To eliminate this condition,



nanoparticles are ideal carriers and protect lipophilic cosmetic products (Turgut

vd., 2011).

The developed nanostructured materials have also gained importance for
biosensors over time. Biosensors developed, because of monitor the structures of
healthy/sick conditions. The purpose of using nanostructured materials in this
field is to change the properties such as electrochemical and optics, to observe the
response-time movements of target biomolecules and to easily monitor drug

toxicity (Kerman et al., 2008).

Nanotechnology offers new food and material for micro and nano-size of
processing, product development and food safety. By using biotechnology,
nanotechnology and information nanotechnology, nanobiosensors have been
progressed recognize pathogens and contaminants for foods. Thanks to these
nanobiosensors, aroma and flavors are detected electronically. Nanotechnology is
used in food industry with antimicrobial properties for protecting food products
(Chaudhry et al., 2008). World-renowned brands are making efforts to obtain
products with nanotechnology that can change the color, aroma of drinks and the

texture (Neethirajan and Jayas, 2011).

The relationship between agriculture and nanotechnology include pesticides,
water treatment and soil cleaning areas. Nanosensors which are colored by
binding to microorganisms, nanoporous filters to remove pathogens and
contaminants and nanoparticles for catalysis and oxidation are used in this field

(Stifer ve Karakaya, 2011).

The nanotechnology, which meets with the textile industry, has been
developed with power ignition feature. Nanoparticles reinforced Nylon 6.6 fibers
have been shown to increase the power ignition property (Dogan vd., 2005). In
addition, nanoparticles are used in textile industry with their odor, antibacterial,
antimicrobial, and antifungal properties and are of great importance for the

controlled release of biocides (Ghosh, 2005).



2.2. Nanoparticles

Nanostructured materials can be composed of many different structures.
These structured contain nanocrystals, nanoparticles, nanotubes, nanowires and
nanofilms. The reasons for the difference in the structures are the size-volume
properties (Goldstain, 1997). The nanoparticle opinion, expressed by
nanotechnology, has different morphologies and is termed with similar shapes as

core-shell, doped, spherical, metallic and polymeric.

Nanoparticles are usually less than 100 nm in size and these particles are
building blocks of nanotechnology. Nanoparticles are highly preferred materials
because their physical and chemical properties differ from normal size materials.
These are electronic structure and surface-to-volume ratio (Liveri, 2006).
Nanoparticles are widely used commercially in household applications, material

coatings, biomedical applications, biosensors and similar fields.

The preparation of nanoparticles is generally done using the terms “Top
Down” and “Bottom Up”. In addition to these approaches, these nanoparticles can
be prepared by chemical vapor condensation method (for hydrogen and oxide
nanoparticles), hydrogen reduction, inert gas condensation, production from micro
hydrogen systems, flame synthesis, metallic etching, spray pyrolysis and chemical

precipitation methods (Giirmen ve Ebin, 2008).

2.2.1. Synthesis Methods of Nanoparticles

The opinion of “Top Down” is the disintegration of the material to the
nanoscale by mechanically or chemically energizing the volumetric material from
the outside. Mechanical grinding and etching methods are referred to as “Top

Down”.

The concept of “Bottom Up” is the formation of a nanosize structure from
an atom or molecule using a chemical process. Chemical vapor coating-
condensation, sol-gel and spray pyrolysis methods are referred to as “Bottom Up”

(Glirmen ve Ebin, 2008).



The chemical vapor condensation (CVC) method was introduced in 1994 in
Germany and used to produce large quantities of product. The most important
feature of the CVC method is that it can be produced easily because it does not
require a specific starting material (Wang et al., 2003). In generally, it is the
thermal decomposition of the gaseous material using a carrier gas. The types of
gas, flow and process temperature are important parameters for this method

(Giirmen ve Ebin, 2008).

The hydrogen reduction method is important for Fe, Ni and Co
nanoparticles. The method consists of particle formation, collection of particles
formed and gas washing steps. The object is to move the starting material to the
preheated zone with the aid of the carrier gas and then evaporate by moving it to a
warmer area for particle formation (Jong et al., 2004). Reaction-zone temperatures
and concentration of the starting material are important parameters for this

method (Suh et al., 2006).

The inert gas condensation is the method found in 1984 to make
nanoparticles directly in the over saturated vapor phase of metals and alloys. In
the method, the heated water evaporates and begins to lose heat due to its
interaction with the environment. At this time, when the droplets reach the over
saturating, clumps of atoms are formed on the surface of the cold glass. These
clusters and gas molecules in the system collide to form particles. The evaporation
rate of the starting material, the reaction temperature and the type of gas are

important parameters for the method (Roth, 2007).

In the synthesis method of microheterogen systems can be used liquid
crystals, gels, micelle solutions and microemulsions. This method is fast and low
cost. Nanoparticle synthesis can be performed for metal oxide, metal sulphate and
water-insoluble materials. The method is simple and following the selection of the
microheterogen, the synthesis is carried out by dissolving the starting material and
allowing it to stir. This method is the most preferred method for nanoparticles

with metallic and magnetic properties (Liveri, 2006).
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Flame synthesis method is used for commercial production because of its
low cost and size control. Since metal halides have easy volatility, they are
preferred as starting material. In the method, after the starting material passes to
the vapor phase, atomic clumps are formed by transporting this vapor to the flame
medium with the carrier gas. Particles are obtained by combining the formed

clusters (Roth, 2007).

The mechanical etching method was developed for the 1970s in industry
area to obtain new alloy. After the grinding of the brittle materials the fine
powders obtain. The high frequency and low amplitude vibrations are used to
make the nanoparticle. In the method there are disadvantages such as oxidation of
metals and impurities from nitrogen structures. To solve this problem, nitrogenous
structures are eliminated by using invert gas using oxidized seals (Edelstein and

Commorata, 2001).

Ultrasonic spray pyrolysis is a wide range of applications in the medical
field. Thin films and powders can be produced using this method. In the method,
the droplets are composed of the starting material as the aerosol and the thermal
decompositions control the phase change. The droplet size, the properties of the
starting material, the temperature and the duration are important parameters for

this method (Tsai et al., 2004).

While nanoparticles can be synthesized by various synthesis methods, they
can occur naturally by soil erosion, forest fires and volcanic eruptions (Tunca,

2015).

2.3. Metal Oxide Nanoparticles

The increase in nanotechnology has raised the diversity of nanoparticle
species and increased interest in metallic nanoparticles. Metal oxide nanoparticles
show indicating various properties such as energy storage, catalysis effect and
semiconductor. Due to these properties, metal oxide nanoparticles have an
important place especially in the fields of biomedical, industrial and water

treatment (Zikalala et al., 2018).
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The interest of metal oxide nanoparticles especially in the field of industry
is due to their advanced optical, electrical and magnetic properties. The
dimensions of metal oxide nanoparticles are very important for such mentioned
above properties and physicochemical properties (Kim et al., 2018). As the
surface area-volume ratio increases, the heat treatment, mass transfer, dissolution
rate and catalytic activity of the particle increases (Buzea et al., 2007). Metal
oxide nanoparticles are used for the mass production of stable colloidal solutions,

especially in industry.

Another advantage of metal oxide nanoparticles is the facilitation of redox
process forming the chemical bonds with enzymes. This property improves the

biosensor performance of the metal oxide nanoparticles (Kerman et al., 2008).

As pathogens started to gain resistance against antibiotics, health problems
were increased and treatment failures were observed due to this resistance
condition. Nanotechnology has started to gain importance in biomedical field
thanks to the antimicrobial properties of metals in nanoscale. More than 70% of
bacterial infections are known to be resistant to antibiotics (Allahverdiyev et al.,
2011). Treatment studies are carried out using silver (Ag), copper (Cu), gold (Au),
titantum (Ti) and zinc (Zn) metals whose antimicrobial properties are known
against this antibiotic resistance (Malarkodi et al., 2014). Antimicrobial properties
of metal oxide nanoparticles (CuO, Ag,O, TiO,, ZnO etc.) were investigated by
different research groups. In vitro studies of these metal oxide nanoparticles have
shown that microbial species are inhibited (Dizaj et al., 2014). The antimicrobial
properties of metal oxide nanoparticles vary according to the type and size of the
nanoparticles. There are two reasons why the metal oxide nanoparticles have
antimicrobial properties. These reasons; toxicity of free metal ions formed in the
environment by dissolving metals from the surface of nanoparticles and oxidative
stress in the environment provide antimicrobial properties. (Besinis et al., 2012).
The positive surface load of the metal nanoparticle results in the death of the
bacteria by binding to the negative surface in the bacteria (Seil and Webster,

2012).
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Metal oxide nanoparticles can be synthesized by physical and chemical
methods. Physical methods include spray pyrolysis, ultra sonication and chemical
evaporation. However, physical methods have limitations as they provide a
uniform particle size for metal oxide nanoparticles and require a high cost device.
In chemical methods, the metal oxide nanoparticles can be obtained by oxidation-
reduction or by precipitation of the metal ion in the aqueous medium. Although
chemical method contributes to the synthesis of metal oxide nanoparticles having
various morphologies, it has harm to the environment and human health due to the
toxic chemicals used (Zikalala et al., 2018). In the chemical method, smaller

dimensions are obtained compared to the physical method.

Chemical precipitation method, which is a method of chemical synthesis, is
used for the synthesis of metal oxide nanoparticles in simple, inexpensive and low
temperatures. Metal oxide nanoparticles of different sizes can be synthesized by
parameters such as the type and concentration of the starting material,

concentration of the reducing material, reaction time and temperature (Sheini,

2012).

2.4. Zinc

Zinc was considered to be element in the 1500s in history, but it was not
considered as important until 1869. In study of Raulin’s (Yildirim, 2003), zinc
was found to be the main source of necessity for living things. Zinc is found to be
useful for biological systems with the ability of participation and also easily
changeable ligands (Williams, 1989). Since there is no redox property of zinc, the
risk of oxidant damage doesn't seen. Zinc is used as a basic component for almost
every enzyme, as used in the catalytic domain (Fierke, 2000). Zinc atoms have an
important place in many proteins except enzymes. The zinc finger motif is a
frequent repetitive motif in transcription proteins (Berg and Shi, 1996). These
fingers, which are important for the binding of DNA, use the single zinc atom in
their structure for configuration. Places opposite the zinc atom initiate the
transcription request and gene expression according to the state of the regions.

The intracellular regulatory ion effect of zinc has become more important
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especially in today. One of the reasons for this importance is that the zinc is easily

recyclable for cross-linking (Hambidge, 2000).

Zinc is important for human nutrition. Defects in metabolic functions were
observed due to zinc deficiency (Williams, 1989). Considering the importance of
zinc for cell growth and differentiation, the sensitivities based on zinc deficiency
are observed (Chesters, 1982). In the 1950s, zinc was accepted as a basic
micronutrient for humans and abnormalities due to zinc deficiency were observed.
Considering the heavy zinc deficiency, a lot of information about the biology of
zinc has been obtained as a result of the researches carried out from past to present
and it has been observed that the metabolic functions caused by zinc deficiency
have been observed for all tissues and organs. In some cases, the effects of zinc
deficiency are difficult to distinguish from secondary protein energy deficiency.
However, there was an increase in the rate of recovery after addition of zinc to the
immune system. In another case, when the treatment of zinc for the central
nervous system was initiated, motivation, alertness and sensitivity increased, and

the same level of irritability and restlessness decreased (Walravens et al., 1978).

Considering a slight of zinc deficiency, which causes less severe effects
besides the effects of heavy zinc deficiency, is important in terms of public health.
It has been observed that follow-up of the zinc content in plasma is of great
importance for children sensitive to diarrhea (Bahl et al., 1998). With this control
and subsequent treatment of zinc supplements, mild zinc deficiency can be treated
and prevented. The amount of zinc in the gut decreases during the diarrhea
process. This causes impairments for the immune system and mucosal cell
transport (Ghishan, 1984). Zinc used in treatment decreased diarrhea time (Bhutta

et al., 1999).

When the human body is examined, it is seen that the highest amount of
zinc in males accumulates in prostate gland. Zinc and citrate have an important
place for prostate. This is because zinc inhibits the oxidation of the mitochondal
(m-) acconitase citrate to the isocyrate, which plays a role in catalysis in the first
step of the cycle, taking place in the Krebs cycle. Because of this condition, the

citrate accumulates in the prostate and the prostate fluid is secreted. This effect of
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zinc is valid for all mammalian cells, but is more important in prostate cells. Since
this inhibitory effect is decreasing the amount of zinc, the energy source of the
Krebs cycle decreases and causes the death of aerobic cells. This damage results
in the growth effect of prostatic cancer cells (Singh et al., 2006). For prostate
cancer, zinc appears to have an important role in preventing the spread of cancer

cells.

2.5. Zinc Oxide Nanoparticles: ZnO NPs

ZnO NPs having a size of less than 100 nm have opaque properties against
UV light, transparency against visible light. Thanks to this feature, ZnO NPs are
used in sun creams (Ubani and Ibrahim, 2019). ZnO nanostructures
morphologically can be found in structures such as nanoparticle, nanowire,

nanofilm, nanorod and nanoring (Peng and Qin, 2011).

The most important properties of ZnO NPs for biomedical and medical
fields are anticancer and antimicrobial properties. These properties are due to
ROS formation. According to other metal oxide nanoparticles, ZnO NPs are
biocompatible and have low toxicity. The effect of ZnO NPs as anticancer,
antidiabetic, antibacterial and anti-inflammatory agents was investigated in many

studies.

2.5.1. Research on ZnO NPs

ZnO NPs have anticancer properties because they induce ROS production
and apoptosis. Due to the electrostatic properties of ZnO NPs, neutral hydroxyl
groups are absorbed on their surfaces and this causes the surface charge change.
Protons move from the surface of the particles with the high pH in the aqueous
medium to ensure that the ZnO NPs have a negatively charged surface area and
ZnO’ structures are formed. If this happens at low pHs, the protons that come to
the environment will accumulate on the particle surface to ensure that ZnO NPs
have positive charge and ZnOH," structures are formed (Rasmussen et al., 2010;
Qu and Morais, 2001). ZnO NPs have positive surface charges in physiological
conditions, which is unfavorable for cancer cells with negative membrane

potentials. At the time of interaction, the cellular uptake of nanoparticles causes
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electrostatic interactions that give rise to phagocytosis and cytotoxicity

(Rasmussen et al., 2010).

ZnO’s bandwidth and semiconductor feature produce reactive oxygen
species (ROS) and kill cells and give a natural photo luminance. In studies with
culture cells, ZnO nanosheet focuses on entering the culture cells and this
condition has been demonstrated by the yellow-orange light emission of cells in

ultraviolet (UV) (Jiang et al., 2011).

ZnO NPs have been studied for diabetes activity due to play of important
role into insulin metabolism such as synthesis, storage and secretion. In one of
these studies the differences of, ZnO NP and ZnSO,4 were interpreted by working
with rats. ZnO NPs have been observed to have more antidiabetic effect than
ZnSO4 when the high glucose and insulin levels are examined (Nazarizadeh and

Asri-Rezaie, 2015).

The antibacterial properties of ZnO NPs come from their ability to induce
oxidative stress due to their structure. Zn' ions released in the ZnO compound
combine with the thiol group of respiratory enzymes. Bacteria are absorbed in the
Zn" ion compared to ZnO NPs and bind to respiratory enzymes to reduce the
effect of the enzyme. Free radicals in the environment by creating ROS multiply
and consequently cause oxidative stress. ROS irreversibly damage the bacteria of

membranes, DNA and mitochondria and bacterial cell die (Dwivedi et al., 2014).

ZnO NPs, which are antibacterial, also exhibit antifungal properties. The
effects of ZnO NPs on a fungal species were investigated by some research
groups. ZnO NPs with a concentration of 0,1mg/ml were found to inhibit 95% of
the fungal species. ZnO NPs were also shown to increase the mortality rate in

visible light (Lipovsky et al., 2011).

In other study, it was observed that ZnO NPs were able to penetrate into the
deeper layers of the skin. ZnO NPs can also be effective against local skin

inflammation (Ilves et al., 2014).
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In addition to their antimicrobial properties, ZnO NPs are stimulating for the
healing of the injured surface by the proliferation of epithelial cells. High
concentration may be fatal for cells, while low concentration ZnO NPs are
prominent for their healing effect. In the studies on this feature, the biodegradable
polymer in hydrogel form with chitosan and ZnO NPs create composite bandages.
With these bandages applied to wounds in rats, epithelial tissue formation with
rapid epithelial cell proliferation and wound healing increased (Kumar et al.,

2012).

2.6. Biodegradable polymer: Chitosan

OH OH OH
2 a2 g o
NH, NH NH,
n

Figure 2.6 Chitosan

The material to be used in living tissues needs to adapt to the changing
conditions within the body. Materials to be used as tissue engineering or drug
delivery system in the body should be biocompatible. The term biocompatibility
means that it is capable of responding appropriately to the living body system
when applied. These materials are divided into four groups: metals, ceramics,
polymers and composites. Biopolymers are the most commonly used biomaterials
on living things. Chitosan is one of the most prominent polymers in the family of

biopolymers.

Chitosan (Figure 2.6), which is obtainable from natural sources,
considerable, eco-friendly, in terms of biodegradability and biocompatibility
highly preferred are biopolymers. Chitosan are separated from other
biodegradable polymers with physical and chemical properties. Chitosan dissolves
well with dilute acid solutions (pH<7) while it is insoluble in water. The reason
for not dissolving chitosan in pH>7 medium is due to its stable structure (Tuncer,

2014).
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When the chitosan is dissolved, the amine group in the structure of the
chitosan has a positive charge by protonating. With this feature, chitosan can be
characterized as cationic polysaccharide (Lee et al., 2004). Chitosan can interact
with negatively charged polymers, macromolecules and polyanions with its

cationic properties.

Chitosan is a highly preferred biopolymer in the industrial field due to its
acid removal, antitumor, antioxidant and antibacterial properties. Chitosan is
generally used for coagulation and flocculation in water treatment, for plant
additive and antimicrobial substances in agriculture, for enzyme immobilization in
biotechnology, for additives in the food industry, for wound treatment in the

medical field, for drug release and hydrogels (Demir ve Seventekin, 2009).

Chitosan has an important role in wound treatment. It has been tested in the
wounds of rabbits and the healing rate of these wounds has been reported (Cho et
al., 1999). Using chitosan in wound treatment, “chitosan wound bands” have been
produced. These bands have been used in the Iraq war and have been found to
play an active role in the cessation of blood and subsequent wound healing

(Shahidi et al., 1999).

In vivo studies have shown that chitosan does not harm the human body and
is degraded by lipase enzymes when used as tablets. After the structural
degradation of chitosan by lipase enzymes, the formation of amine sugars in the

environment and these sugars are not toxic. (Demir ve Seventekin, 2009).

2.7. Cafestol

Figure 2.7 Cafestol

Nowadays, besides many scientific treatment methods, complementary

treatment methods are shown to support these scientific methods. Alternative
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treatment methods are the treatment methods that are outside of these scientific
methods and whose effects cannot be proven scientifically. In alternative therapy,
it is believed that plants and natural resources are beneficial and have effects
during the healing process. Studies on these fields are still in progress (World

Health Organization, 2018).

Coffee has different bioactive compounds, including chlorogenic acid and

purine derivatives, specific diterpenes such as cafestol, kahweol (IARC, 1991).

It is observed that cafestol (Figure 2.7) is used as a new natural compound
in cancer studies. Heterocyclic aromatic amines in the colon tissue in animals are
cancer risk factors. In studies conducted on this, it was observed that the cafestol
and kahweol prevented the formation of heterocyclic aromatic amines in the colon

tissue and decreased the amount of these structures (Huber et al., 1997).

The antioxidant effect of cafestol was investigated by Lee and Jeong. It was
shown that when cafestol was treated on cells exposed to H,O,, the amount of
ROS was decrease in intracellular (Lee and Jeong, 2007). This feature of cafestol
is of great importance because the risk of cancer cells increases as the amount of

ROS increases.
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3. EXPERIMENTAL

3.1. Material

Zinc(ID)sulfatheptahydrate [Zn(SO4).7H,O, Merck], sodium hydroxide
[NaOH, VWR], chitosan [CS, Sigma], acetic acid [CH3;COOH, 100%, sigma] and

cafestol were used.

In the characterization studies of ZnO nanoparticles, particle sizes were
determined by using Malvern Zetasizer nano ZS device. Particles were
characterized by using Perkin-Elmer Diamond Thermogravimetry Analysis (TG),
TA Instruments Q20 Differential Scanning Calorimeter (DSC), JEOL JSM-7100F
Branded Scanning Electron Microscope (SEM), Perkin-Elmer Spectrum 100

Fourier Transform Infrared (FTIR) analysis methods.

3.2. Synthesis and Characterization of ZnO Nanoparticles

The solutions of 0,2 M zinc salt and 0,4 M NaOH were prepared. They were
mixture as 1:2 (Zn(SO4)(q,NaOHq) molar ratio by dropwise. Stirring was
continued for 18 hours and the resulting white zinc hydroxide precipitate was
filtered with filter paper. To remove residual chemicals, the resulting precipitate
was washed with purified water and dried in an oven. For ZnO nanoparticles
calcined at 400°C (Mohan and B, 2015). The reaction conditions (zinc salt type,
salt concentration, base type, stirring rate, calcination time and mixing time) were

optimized to ensure that the size of the ZnO nanoparticle was 45-60 nm.

3.2.1. Optimization studies

For the synthesis of the desired size ZnO NPs, the method of section 3.2
was used. Type of zinc salt in the method (ZnCl,, Zn (SO,)), salt concentration
(0.04; 0.1; 0.2; 0.5 M), base type (NH3, NaOH), reaction time (6, 12, 18 , 24 h),
mixing speed (300, 400, 500 rpm) and calcination time (1, 2, 3 h) parameters were

determined to obtain the desired size.
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3.3. Synthesis of ZnONP-CS

0,4% chitosan was prepared by mixing with acetic acid for 24 hours.
Chitosan (CS) solution was added dropwise over ZnO NPs dispersed in acetic

acid and stirring for 24 hours.

3.4. Synthesis of ZnONP-CS-Cafestol

5 ml of 10mg/100ml of cafestol solution were added to the synthesized CS-
ZnONP solution and stirring for 48 hours. At the end of the reaction, the solvent

was removed and allowed to dry in a vacuum oven.
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4. RESULTS and DISCUSSION
ZnO NPs were synthesized by chemical precipitation. The reaction
mechanism in the method is as follows (Mohan and B, 2015):

Zl’l( SO4) . 7H20+2N30H—>ZH(OH)2+N32(SO4)+7H20

Zn(OH),+2H,0—[Zn(OH),]*+2H"

A
[Zn(OH)4]* >ZnO+H,0+20H

Zn(OH), structures formed in the reaction affected the size of the

nanoparticles and optimization studies were performed. The size-optimized ZnO

NPs were coated with chitosan (CS-ZnO NPs) and then cafestol was ligated to
CS-ZnO NPs.

4.1. Optimization of ZnO NPs

As a result of the optimization studies, the mean size measurements taken

by DLS using Zeta Sizer are given in Table 4.1 (a, b, ¢, d, e, f) and Figure 4.1 (a,

b, c, d, e, f). Based on these results, the optimization process was completed with
ZnO NPs with an average size of 50 nm

300 Zncl,
. Zn(S0O,)
€
Zn Salt Size (nm) £?°
(]
2100
Zn(SOy) 188 @ -
0
ZnCl, 254

Table 4.1 a) Optimization of Zn salt type Zn salt

Figure 4.1 a) Optimization of Zn salt type
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Concentration of Zn Size (nm)
(M)
0,04 2603
0,1 458,7
0,2 188
0,5 3523

Table 4.1 b) Optimization of the concentration

of Zn

Base Size (nm)
NH; 325
NaOH 188

Table 4.1 c¢) Optimization of base type

Reaction Time (h) Size (nm)
Out of
6 measurement
accuracy
12 255
18 188
24 950

Table 4.1 d) Optimization of reaction time

Mixing Speed (rpm) Size (nm)
300 188
400 50
500 111

Table 4.1 e) Optimization of mixing speed
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Figure 4.1 b) Optimization of the
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Figure 4.1 c¢) Optimization of base type

1000
850
700
550
400
250
100

Size (nm)

=

12
18 24
Reaction time (h)

Figure 4.1 d) Optimization of reaction time
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Figure 4.1 e) Optimization of mixing speed
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Calcination Time (h) Size (nm) s
1 141,8 €
= 95
[
2 50 &
45
3 136,2

Table 4.1 f) Optimization of calcination time

Calcination Time (h)

Figure 4.1 f) Optimization of calcination
time

The optimal conditions for the preparation of ZnO NPs of the desired size
are shown in Table 4.1 g).

Zn salt Concentration | Base type | Reaction Mixing Calcination
of Zn (M) time (h) speed time (h)
(rpm)
Zn(S04) 0,2 NaOH 18 400 2

Table 4.1.g) Optimum conditions for the synthesis of ZnO NP

It was confirmed by the formation of Zn (OH), structures in which the
amount of base was important during the synthesis. It was observed that these
structures affected the nanoparticle sizes. Due to its high surface area and
energies, it was observed that ZnO NPs were agglomerated in some regions and

large structures were formed.

4.2. Analysis of ZnO NPs

The FTIR spectrum of the ZnO NPs was obtained using the ATR technique.
The peak at between 590-540 cm™ in the spectrum is specific for ZnO (Janaki et
al., 2015). OH peak is seen at between 3527-3134 cm™ (Gnanasangeetha and
Sarala Thambavani, 2013). The OH peak is due to the Zn(OH), structures in the

environment.

Surface images were taken using JEOL JSM-7100F Branded Scanning
Electron Microscope (SEM). In order to increase the conductivity of the samples,
a 8x10"" mbar/Pa vacuum was applied on the Quorum coating device and a 10 mA

voltage applied to gold-palladium (80-20%). The images were taken with 15 kV
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voltage applied. SEM analysis was performed based on the results obtained with
DLS.

In the SEM images taken with different focus of the ZnO NPs synthesized
(Figure 4.2 a-c) it was observed that the dimensions were in the 45-60 nm and

they were morphologically spherical and hexagonal.

I 1lpm COMU 29/3/2019
15.0kV LED SEM WD 10mm 11:09:26

Figure 4.2 SEM image showing ZnO NPs a) x15000 Focused ZnO NPs

- 100nm cCOMU 29/3/2019
x30,000 15.0kVv LED SEM WD 10mm 11:13:35

Figure 4.2 SEM image showing ZnO NPs b) x30000 Focused ZnO NPs
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— 100nm COMU 29/3/2019
x50,000 15.0kV LED SEM WD 10mm 11:23:37

Figure 4.2 SEM image showing ZnO NPs c¢) x50000 Focused ZnO NPs

Xu et al. (2005), according to their study, SEM images of hexagonal
structure ZnO nanoparticles were found to be 0.5 um size. In the same study, it
was observed that some of the particle structures were transformed into rods and

their dimensions varied between 50-300 nm.

According to the study by Ozbay and Giilce (2014), ZnO NPs with a
hexagonal structure on the SEM images were found to be between 50-200 nm in
size. In the study of Gnanasangeetha and SaralaThambavani (2013), in the
literature, it was seen that they synthesized ZnO NPs by different methods and
obtained SEM images of these nanoparticles with dimensions of 100-190 nm.
Srivastava et al. (2013), ZnO NPs synthesized in the literature showed that the
dimensions were in the range of 95-450 nm. The morphology of nanoparticles in
images is mostly observed in rods, although they are hexagonal. In 2013, Kumar
et al. synthesized ZnO NPs and measured their dimensions with SEM. They
observed structures of different sizes in the range of 64-187 nm. Morphological
differences were observed depending on the dimensions of the structures. When

the SEM images of the ZnO NPs in the literature are examined, it is seen that the
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SEM images obtained as a result of this thesis are compatible with the SEM

images given in the literature.

TG measurement of ZnO NPs was obtained using a heating rate of
10°C/min in a nitrogen atmosphere in the range of 30 to 1000°C temperatures.
When look at the thermogram in Figure 4.2 d), the first mass loss is observed at 0-
100°C at 11%. This mass loss is the removal of the adsorbed water molecules and
Zn(OH), structures from the ZnO NPs. In the structure 89% of the mass belongs
to Zn. The obtained TG thermogram was found to be tremendously compatible

with the literature (Koutu et al., 2018).
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Figure 4.2 d) TG thermogram of the ZnO NPs

The synthesized ZnO NPs were analyzed by DSC. All DSC measurements
were made by heating 10°C/min under nitrogen at 50ml/min. Looking at the
Figure 4.2 ¢), small amounts of mass loss up to 85-95°C occurred and
endothermic peak was formed. This shows that the structure of water and
Zn(OH), structures are deteriorated. An exothermic peak occurred in the range
292-317°C. The exothermic peak seen at 482-520°C is the peak resulting from the
crystallization of ZnO. The peak values in the graph correspond directly to the
literature (Tseng et al., 2012).
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Figure 4.2 e) DSC thermogram of the ZnO NPs

4.3. Analysis of CS-ZnO NPs

The FTIR spectrum of the CS-ZnO NPs (Figure 4.3 a) was obtained using
the ATR technique. At the peak between 3535-3020 cm™ in the spectrum seen in
the NH, and OH groups of Chitosan, the peaks are overlapped. The peaks
observed specifically for chitosan are, CHs; and CH, peaks between 2941-2814
cm” , C-H peak(weak) in the range 2000-1600 cm™ , C-C peaks in the range
1583-1504 cm™ and C-H peak in the range 1470-1340 cm™. C-O tensile peak is
seen in the range of 1087-991 cm™ (AbdElhady, 2012). The peak at between 590-
540 cm™ in the spectrum is specific for ZnO (Janaki et al., 2015).

The FTIR spectrum of the neat CS (Figure 4.3 b) was obtained using the
ATR technique. The peak between 3640-3610 cm™ assigned OH group and
between 3535-3020 cm™ in the spectrum of the NH, group. CH; and CH, peak is
seen from to 2941-2814 cm™, C-H peak(weak) in the range 2000-1600 cm™, C-C
peaks in the range of 1583-1504 cm™ and C-H peak in the range of 1470-1340

cm™ were determined. C-O tensile peak is seen in the range of 1087-991 cm’
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(AbdElhady, 2012). Referring to Figure 4.3 a) and b), it is seen that ZnO NPs are

coated with chitosan.
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Figure 4.3 a) FTIR spectrum of the CS-ZnO NPs
= [kitosanT —
1|II—_ A 1
T ] '
95 ! i
igD_- ........
85—
BO—-
75
55_ ..................................
i T 1T T 1T 11 | T 1T T T T T T T 1T 11 T 1T 11 T 1 171 T T 17T T 1T 11 gjl T
4000 3500 3000 2500 2000 1790. 1500 1250: 1000 T

a1

Figure 4.3 b) FTIR spectrum of the neat CS
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The dimensions of the CS-coated ZnO NPs were measured by SEM analysis
(Figure 4.3 c-e). The dimensions of the structure were measured between 75-116

nm.

I lpm  COMU 29/3/2019
%x15,000 15.0kV LED SEM WD 10mm  13:44:21

Figure 4.3 SEM image showing CS-ZnO NPs ¢) x15000 Focused CS-ZnO NPs

i

L 100nm COMU 29/3/2019
15.0kV LED SEM WD 10mm 13:35:22

Figure 4.3 SEM image showing CS-ZnO NPs d) x30000 Focused CS-ZnO NPs
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— 100nm COMU 29/3/2019
x50,000 15.0kV LED SEM WD 10mm  11:34:34

Figure 4.3 SEM image showing CS-ZnO NPs e) x50000 Focused CS-ZnO NPs

The dimensions of the ZnO NPs coated with the poly vinyl alcohol were
determined by Mohan and B (2015) in SEM images at around 100 nm. In 2018,
the study of Sawant and Bamane reported the synthesis of polyethylene glycol
coated ZnO NPs. The SEM images of these structures show two morphological
structures as rod and oval. In the literature, He et al. (2009), measured the
dimensions of ZnO NPs coated with the polymer is at about 100 nm in SEM
images. When SEM images of polymer-coated ZnO NPs in the literature are
examined, it is seen that the SEM images of ZnO NPs synthesized with chitosan

in this thesis were consistent with the literature.

TG/DTG measurements of CS-ZnO NPs were obtained using a heating rate
of 10°C/min in a nitrogen atmosphere in the range of 30 to 1000°C temperatures.
According to the thermograms in the Figure 4.3 f-g), there were three stages of
degradation. The first mass loss was observed between 30-156°C at 13%, the
second mass loss was between 156-336°C at 48%, and the third mass loss was
between 336-461°C at 62%. The maximum decomposition temperatures (Tiax) of
the CS-ZnO NPs for first, second and third stages are observed at 111, 251 and

401°C , respectively. 38% of the structure comes from zinc. This is explained by
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the degradation of the polymer and the TG/DTG results confirm that the ZnO
nanoparticles are coated with the CS. The thermograms are in good agreement

with the literature (Soundhar and Jayakrishna, 2019).
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Figure 4.3 f) TG thermogram of the CS-ZnO NPs
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Figure 4.3 g) DTG thermogram of the CS-ZnO NPs

The synthesized CS-ZnO NPs were analyzed by DSC. All DSC
measurements were made by heating 10°C/min under nitrogen at 50ml/min. The

Figure 4.3 h) shows a 550°C exothermic peak. Other exothermic and endothermic
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peaks in the structure are structural defects resulting from the coating of ZnO

nanoparticles with chitosan (Soundhar and Jayakrishna, 2019).
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Figure 4.3 h) DSC thermogram of the CS-ZnO NPs

4.4. Analysis of Cafestol-CS-ZnO NPs

The FTIR spectrum of the Cafestol-CS-ZnO NPs (Figure 4.4 a) was
obtained using the ATR technique. The spectrum shows the peak between 3402-
2883 cm™ in the spectrum seen in the NH, group. CH; and CH, peaks between
2347-2233 cm™ , C=C peaks in the range 1566-1512 cm™, C-H peak in the range
1456-1359 cm™ and C=0 peak in the range of 1720-1716 cm™. C-O tensile peak
is seen in the range of 1066-948 cm™ and C-H bending peak is seen in the range

of 1034-1032 cm™ (Terrile et al., 2016).

Figure 4.4 b) also shows changes in structure when ligated to CS-ZnO NPs
of Cafestol.
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Figure 4.4 b) FTIR spectra of the Cafestol-CS-ZnO NPs, CS-ZnO NPs and Chitosan

Cafestol-CS-ZnO NP structure, which was formed after cafestol binding to
CS-ZnO NPs, was analyzed by SEM images (Figure 4.4 c-e).
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Figure 4.4 SEM image showing Cafestol-CS-ZnO NPs d) x10000 Focused Cafestol-CS-ZnO NPs
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The SEM images show that the structure is formed as rods. The Cafestol-
CS-ZnO NPs show a branched morphology and are connected to each other as

long structures.

TG/DTG measurements of Cafestol-CS-ZnO NPs were obtained using a
heating rate of 10°C/min in a nitrogen atmosphere in the range of 30 to 1000°C
temperatures. According to the Figure 4.4 f-g) shown, there are three degradation
stages for Cafestol-CS-ZnO. The first mass loss was observed between 30-161°C
at 11%, the second mass loss was between 161-316°C at 48%, and the third mass
loss was between 316-431°C at 61%. T of the Cafestol-CS-ZnO NPs for first,
second and third stages are observed at 106, 241 and 361°C , respectively. The TG
of Cafestol-CS-ZnO NPs molecule gives almost 25% residues even at 1000 °C.
When the thermograms in Figure 4.2 d) and Figure 4.3 g) are compared, the
differences in the thermograms indicate that the cafestol is connected to the

structure.
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The synthesized Cafestol-CS-ZnO NPs were analyzed by DSC. All DSC
measurements were made by heating 10°C/min under nitrogen at 50ml/min. The
DSC thermogram of Cafestol-CS-ZnO nanoparticles (Fig. 4.4 h), CS-ZnO NPs

and ZnO NPs are seen to differ according to their DSC thermograms.
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A calibration graph (Figure 4.4 1) was drawn using UV spectrophotometry
at 244 nm with the cafestol solution obtained with ethanol. Cafestol-CS-ZnO NPs

were found to have a 15% cafestol binding yield.
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Figure 4.4 1) The calibration graph of the cafestol by using UV spectrophotometer
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5. CONCLUSION

In this thesis, the synthesis of ZnO NPs which have antimicrobial properties
was performed and chitosan was coated to the synthesized ZnO NPs and cafestol
was ligated to the CS-ZnO NP structures. Zeta Sizer, SEM, FTIR, DSC and TG
devices were used for analysis of ZnO NPs, CS-ZnO NPs and Cafestol-CS-ZnO
NPs.

Zinc oxide nanoparticles were produced by chemical precipitation method.
Optimization studies were performed to obtain the desired size of ZnO NP. In
optimization studies, it was seen that Zn salt, salt concentration, base type, mixing
speed, calcination temperature and reaction time are important for the size of ZnO
NPs. For the synthesis of the desired size ZnO NPs, 0.2 M Zn(SO4) salt was
precipitated with NaOH and calcined at 400°C.

The spectra of the structures synthesized as a result of FTIR analysis are
examined, it is seen that they are in consistent with the reported spectra in the
literature.

As a result of the size analysis with SEM images ZnO NPs were found
between 45 and 60 nm dimensions and have spherical and hexagonal morphology.
The size of CS-ZnO NPs found to be in the range of 75-116 nm. In the SEM
images, the structure of Cafestol-CS-ZnO NP was rod-shaped and showed
morphological structure changes.

As a result of the thermal analyzes DSC / TG / DTG, structural differences
were observed and the synthesis of Cafestol-CS-ZnO NPs was realized
successfully. In addition, according to UV calibration graph shows that the ratio
of cafestol ligated to CS-ZnO NPs is 15%.

Furthermore, in order to investigate the efficacy of synthesized Cafestol-CS-
ZnO NPs in wound treatment, Cafestol-CS-ZnO NPs are planned to be used in in-

vitro studies.
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