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PREFACE

All kinds of services for human health are one of the most
basic and important priorities for societies. Scientific and
technological advances make significant contributions to the field of
health, engineering and basic sciences in our age. It is of great
importance to follow these developments closely, to try to
implement the developments and to pioneer innovations. As Bidge
Publications, we are working towards becoming an important
publishing house in the 100th anniversary of our republic.

This book titled "Innovations in Nanomaterial Synthesis and
Applications: From Heavy Metal Removal to Solid Oxide Fuel Cells
and Beyond", prepared on new scientific discoveries and
innovations, examines in depth the complex world of advanced
research and applications in various disciplines. From nanomaterials
to catalysis, renewable energy to biotechnology, each chapter offers
a unique perspective on the ever-evolving landscape of modern
science. It takes you on a fascinating journey into the world of
nanomaterials, investigating their synthesis and applications in
combating the global problem of heavy metal pollution. In addition,
the basic building blocks of solid oxide fuel cells are revealed and
information can be obtained about the basic components that drive
advances in sustainable energy technologies. In another, important
insights into the field of computational chemistry are gained by
exploring complex interactions between transition metals and aza-
cryptans, providing valuable insights into molecular bonding. The
next section describes the synthesis and characterization of a
heterogeneous catalyst supported by mesoporous SBA-15 and sheds
light on its catalytic ability in asymmetric transfer hydrogen
reactions involving various aromatic ketones. in another, discover
new materials designed for efficient adsorption, which play an
important role in the pre-concentration and determination of heavy
metal ions. In the next, delve into the fascinating world of
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electrochemical biosensors, learning about their various types, their
applications, and their capabilities in diagnostics and beyond. Next,
important information is gained about sustainable energy with
information on hydrogen production through solar water splitting
using advanced photocatalytic and photoelectrochemical
technologies. The next one provides important information about the
environmentally friendly potential of polysaccharide gums by
focusing on tragacanth-based hydrogels, which are effective tools
for removing contaminants. The next one appears to explore the
antibacterial properties of aromatic substances and their potential
applications in the field of antibiotics.

This book aims to capture your curiosity and provide a
comprehensive overview of groundbreaking discoveries and
applications in various scientific fields. | hope this collection will
inspire a new wave of curiosity and innovation, leading us towards
a brighter and more sustainable future.

Editor
Associate Prof. Dr. Burak TUZUN
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CHAPTER |

Synthesis Of Functionalized Iron Oxide
Nanomaterials And Investigation Of Their Use In
Heavy Metal Removal

Berrin TOPUZ

Introduction

Heavy metal ions have a strong affinity for protein, nucleic
acids, and micro metabolites in living things. Due to the absence of
crucial metals' homeostatic control, contaminated organic cells are
altered or are unable to complete their biological tasks, which can
have deadly health effects (Song & et al., 2011). Because of their
toxic nature and tendency to bioaccumulate, heavy metal pollution
has emerged into a significant environmental problem. Due to food
chain transfers, heavy metal ions not only damage aquatic life, but
they also have negative impacts on land animals, including people
(Verma & Dwivedi, 2013). Thus, before releasing such dangerous
heavy metal ions into the ecosystem, they must be removed from all
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habitat. The need for new pollution standards to assess low levels of
hazardous metal ions in the natural environment has led to the
development of novel metal ion removal technologies (Carolin & et
al., 2017).

Adsorption (Gao & et al., 2020), ion Exchange (Dabrowski
& et al., 2004), chemical precipitation (Chen & et al., 2018), electro-
dialysis (Durairaj & et al.,, 2014), and membrane processes
(Abdullah & et al., 2019) are a few of the techniques that have been
used to remove toxic heavy metals from aqueous media. In terms of
ease of design and implementation, the adsorption process using
suitable and variable adsorbents is regarded as one of the most
economical and efficient approaches among various separation
processes. By using the adsorption of heavy metal ions with
magnetic nanoparticulates, significant progress has recently been
made in the production of environmentally benign solid material-
based nanocomposites (Mehmood & et al.,2021).

Nanoparticles, particularly magnetic nanoparticles (MNPs),
offer a wide range of uses due to their unique properties such as
improved thermal and chemical endurance, high surface area and
low toxicity (Binandeh, 2022). According to recent study, iron and
iron oxide nanostructures are particularly effective materials for
heavy metal removal via reduction/adsorption (Ali & et al., 2021).

Adsorption of the metal ion onto the modified or coated
surface of nanopartices is the first stage in magnetic separation
procedures. The metal ion was then preconcentrated, or removed
from the solution, using an external magnetic field. Later, the same
procedure can be carried out again using manufactured nanoparticles
(Aguilar-Arteaga & et al., 2010,Gong & et al., 2007).

Iron oxide (1, 111) (FesOg) is also known as magnetic iron
oxide because it is a black crystal that is magnetized. The Schikorr
reaction converts Fe(ll) hydroxide (Fe(OH)2) into Fe(ll,111) oxide
(Fe304). This transformation reaction follows. This transformation
reaction follows:



Fe(OH): - Fe304 +H> +  2H20

Ferrous hydroxide Magnetite hydrogen  water

Two separate mechanisms can be thought of as the Schikorr
reaction: Fe(ll) are anaerobically oxidized into Fe(lll) by water
protons. Two water protons are reduced, resulting in the creation of
molecular hydrogen (H2) and the dehydration of Fe(ll) and Fe(l1)
hydroxides, which results in the synthesis of the thermodynamically
more stable phase Fe (I1,111) oxide (Ishikawa & et al., 1998). Due to
the huge surface area/volume ratio, oxidation and aggregation are
the most common issues in the synthesis of magnetic nanoparticles
(Wu & et al., 2008). It is preferable to cover the surface with an
appropriate and functional substance to prevent this. In addition to
solving these issues, the coating procedure will increase the
functionality of the composite construction.

Depending on the purpose, coating could be done with either
organic or inorganic materials. As a result of coating, core/shell
structures are formed. It matters for the formation of the shell in
core/shell structures whether the environment is polar or nonpolar,
and the shell structure forms successfully in polar environments. The
new structures formed by different composite nanoparticle structures
with each other are called multifunctional nanoparticles. Such
structures are formed by additionally attaching different materials to
the shell (Ahmed & et al., 2021; Zeng & Sun, 2008).

To protect the side effects of the released nanomaterials,
scientific research is working to strengthen these nanoparticles into
an easily detachable substrate. Magnetic nanoparticles can be
integrated into the solid substrate using physical or chemical
precipitation methods according to studies (Chen & et al., 2021a,
Chen & et al., 2021b).

Comparing this process to other ones for chemical synthesis,
it has some benefits. Chemical precipitation, for example, allows for
quick synthesis without the need for high temperatures, and is
simpler than other procedures because it uses water as a solvent.
Controlling the modified magnetic nanoparticle is more challenging
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than with other approaches due to its form. To obtain the appropriate
sizes, the environmental conditions must be adjusted to the
appropriate level. In numerous studies, various adsorbents such as
activated carbon (Suhas & et al., 2016), chitosan (Begum & et al.,
2021), functionalized polymer (Topuz & Macit, 2011) and
silica (Wang & et al.,, 2009) have been investigated for the
development of effective adsorption techniques.

Typically, polymers, noble metals, silica, active carbon,
humic acid are utilized to create a shell structure that protects the
magnetic nanoparticles from oxidation (Suo & et al., 2019, Donga
& et al., 2021, Shan & et al., 2022).

Because of its strong affinity for magnetite nanoparticles,
humic acid prevents particle agglomeration by sorption.
Furthermore, the carboxylic and phenolic groups of humic acid have
complicated interactions with heavy metals (Pefia-Méndez & et al.,
2005) .

HC=0

(sugar) (HC OH) 4

Hc—
COOH
COOH HOOC ‘O ‘
COOH
O O e

H

COOH (PEP“de)

Fig. 1. Chemical structure of Humic acid (HA)

Some contaminants, particularly heavy metals in water,
interact with Humic acid through hydrogen bonds, coordination
bonds, hydrophobic bonds, and electrostatic bonds due to the
presence of oxygen-containing functional groups, such as phenolic
or carboxylic groups, in key binding sites (Andjelkovi¢ & et al.,
2006) . Technique for magnetic separation and concentration
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typically involve removing metal ions from the environment after
applying magnetic nanoparticles to an area with heavy metal
pollution. This technique is quick, easy, and effective for analyzing
heavy metals, which are hazardous and dangerous metals even at low
concentrations.

Experimental Methods

Chemicals and Reagents

FeCls.6H-.0O, NH4FeSO4.6H20, Humic Acid, NHs, AgNOs,
NaOH, HCI, Sn (Il) Chloride were purchased from the Sigma
Aldrich. All of the chemicals were of analytical quality and were
used without further purification.

Apparatus

UV-VIS Spectrophotometry (Spectroquant Pharo300,
Merck, Darmstadt, Germany) (190-1100 nm) was used to measure
cobalt and nickel in a 1-cm Quartz cuvette. The ISOLAB digital pH-
meter was used to measure the pH. Weights were calculated using
an analytical balance (Radwag, Poland) with a sensitivity of
0.00001. In the batch technique studies, the MEDISPEC roller mixer
was used. ISOLAB magnetic stirrer was utilized to achieve
homogenous heating during nanoparticle coprecipitation.

Synthesis of Silica-Functionalized Magnetite Nanoparticles

A chemical co-precipitation approach of ferric and ferrous
ions in alkali solution was used to make silica-functionalized
magnetite nanoparticles (Saberi & et al., 2020). The salts FeClz6H,0
(40 mmol) and FeSO47H.0 (20 mmol) were dissolved in 200 ml of
deionized water while vigorously stirring (900 rpm). At room
temperature, 1 molL™ of NaOH solution was then added to the
mixture. To keep the reaction's pH between 11 and 12, where a black
suspension was generated, NaOH solution was added next.
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After 1 hour of steady stirring at room temperature, the
resulting black dispersion was refluxed for another hour.
Subsequently, silica (3.3 g) was added to the reaction vessel, the
mixture was continuously stirred for 24 hr. The silica-coated
nanoparticles (FesO4-SiO2) were collected using a magnet, followed
by washing five times with EtOH solutions (50 % v/v, 40 mL) and
drying at 80 °C in vacuum for 12 h.

Fig. 2. Preparation silica-functionalized magnetite nanoparticles.
The solutions used (a), mixing with the silica of the solutions (b),
filtration (c), drying (d), uniformity of nanoparticles by sieving (e).

Synthesis of FesO4/HA/Ag Nanoparticles

By using a chemical co-precipitation approach with ferric
and ferrous ions in an alkali solution and increasing heating and
ultrasonication  periods, HA/Ag-functionalized = magnetite
nanoparticles were created (Liu & et al., 2008). FeClz6H2.0O (30
mmol) and FeSO47H>0 (20 mmol) salts were dissolved in 100 ml of
deionized water with 900 rpm of vigorous stirring, and the mixture
was then heated to 90°C for 45 minutes.

Following the heating step, 10 mL of a 1000 mg/I sodium salt
solution of humic acid was blended with solutions of ferrous and
ferric chloride, and 10 mL of a 25% ammonia solution was added
right away to precipitate humic acid-coated magnetite nanoparticles.
Following reduction, an hour-long heating operation was conducted
at 90°C. The particles were sonicated for 30 minutes and being
cleaned twice with milliQ pure water. Using a simple magnet for
sonication, the supernatant was then gathered with a dropper. Very
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small particles with very weak magnetic properties have been found
in supernatant liquid. The liquid supernatant was discarded along
with these particles. Existing particles were coated with silver using
the redox reaction between tin and silver. Compared to silver, solid
tin has a far higher tendency to generate its ions. Due to this, humic
acid covered magnetite particles initially with tin particles before
silver was substituted for tin during a redox reaction. FesOs#/HA
particles were combined with 0.063 M acidic Tin(Il) chloride
solution on the first step of the synthesis procedure, then sonicated
for 30 minutes to form FezO4/HA/Sn particles that were then twice
rinsed with milliQ water. The second stage involved mixing freshly
prepared 0.13 M Tollen's reagent (ammonium silver nitrate) with
Fe3O4/HA/Sn particles, sonicating the mixture for 30 minutes, and
washing the mixture twice with milliQ water. Consequently,
FesOs/HA/Ag magnet was used to extract the magnetic particles
from the suspension, and they were then dried in the air at 60°C.

F = PN

Fig. 3. Preparation of FesO4/HA/Ag Nanoparticles. Creating of
Fes04 with stoichiometric mixture of FeClz.6H>0O and
NH4FeS04.6H.0 (a), mixing with the Humic acid and ammonia of
the Fe30s solutions (b), Mixing (c), precipitation of Fes04/HA (d),
creating of FesOs/HA/Sn particles with Tollen’s reagent (e ) ,
precipitation of Fes04/HA/Ag nanoparticles (f), Drying of
Fes04/HA/Ag nanoparticles.

Procedure of Heavy Metal Adsorption

Adsorption process between Nickel and Cobalt metal ions
and synthesized nanoparticles was investigated by using UV-VIS
Spectrometer. 10 mgL of nickel and cobalt standard solutions were
made by properly diluting stock solutions to concentrations of 1000
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mg L (Merck, Darmstadt,Germany in 0.5 molL™! HNO3).
Synthesized manyetic nanoparticles were mixed with standard
solutions of 2 mL of 10 mgL™ nickel and cobalt using the
MEDISPEC roller mixer. After the adsorption particles were
collected with a magnet. The adsorbed metal concentration values
were calculated by subtracting the metal concentration values in
each sample's filtrate from the initial concentration value with UV-
VIS spectrometric method.

Fig. 4. Removal of cobalt and nickel ions by using silica and
FesO4/HA/Ag magnetic nanoparticules.

Optimization

The effects of pH value, sorption period, and particle mass
on heavy metal removal were explored for adsorption optimization.
pH values were calculated using 0.01 M HCI and 0.01 M NaOH
solutions, including standard metal solution and nanoparticule
modifications.To acquire the best pH value, solutions were changed
to a pH range of 5 to 13.17. With a contact time of 30 minutes, the
particle mass was 150 mg. The best removal was obtained under
these conditions with a pH of approximately 10.3.
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Table 1. pH effect on removal of cobalt ve nickel with magnetic
nanoparticules

Removal %
Fes04/Si FesO4/HA/Ag
pH Nickel | Cobalt pH Nickel Cobalt
5.33 33 36 5,43 66 53
9.7 64 56 8,48 71 54
10.6 81 73 11,08 78 62
11.21 | 87 88 11,76 68 56
11,46 | 81,5 87 12,83 64 50
13.17 | 75 85 13,11 55 49

Effect of magneticnanoparticle mass on the removal of nickel
and cobalt

The effect of magnetic nanoparticle mass on the removal of
nickel and cobalt has been investigated using six different mass
values: 0,05, 0,08, 0,1, 0,12, 0,15, 0,18, and 0.2. For each value
solutions were adjusted to pH 11,21 and 10,36 for nickel and cobalt
respectively. Sorption time was determined as 10 minutes. By using
0,05 and 0.08 g magnetic nonoparticle mass for the metal ions, the
best removal percentages were obtained.

Table 2. Effect of magneticnanoparticle mass on the removal of
nickel and cobalt

Removal %
FesO4/Si | FesO4/HA/Ag
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Amount of Nickel Cobalt Nickel Cobalt
magnetic

nanoparticul (g)

0,05 89,4 89,7 85 71
0,08 89,3 89,0 80 77
0,12 89,2 91,0 77 68
0,15 88,0 88,0 73 66
0,18 87,5 89,5 76 60

0,2 85,2 84,0 71 46

Effect of contact time on the removal of nickel and cobalt

The effect of contact time on the removal of nickel and cobalt
has been investigated using eight different contact times: 1, 3, 5, 10,
20, 60, 80 and 100 minutes at pH 11 and with 100 mg of magnetic
nanoparticulate.

Table 3. Effect of contact time on the removal of nickel and
cobalt

Fes04/Si FesO4/HA/Ag
Contact time Removal % Removal %
(minute) Nickel Cobalt Nickel Cobalt
1 92 92,30 69 65
3 91,5 91,8 75 76,0
5 93,6 90,7 86 31,0
10 93,6 92,3 75 28,0
20 88,3 91,0 73 38,0
60 88,8 89,0 56 51,0
80 84,0 85,0 55 40,0
100 81,8 83,0 48 39,0

Conclusion

The purpose of this study was to investigate the efficiency of
heavy metal removal from environmental samples using the
synthesis of Fe304 magnetic nanoparticles modified with silica gel
and humic acid. The co-precipitation method was used to develop
nanoparticles. Synthesized FesO4/HA/Ag and FesO4/silica
multifunctional nanoparticles were applied as effective adsorbent for
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separation and preconcentration of trace nicel and cobalt. Heavy
metals were separated using magnetic nanoparticles synthesized
using the reduction/adsorption method.  With this method,
economical, environmentally friendly, and efficient work has been
carried out. Dehydration of iron (11, 111) hydroxides with the Schikorr
reaction resulted in more stable iron (11, I11) oxide (FezOa4) synthesis.
In order to examine the relationship between the amount of nickel
and cobalt ions adsorbed by the synthesized nanoparticle and the
sample pH, the nanoparticle amount and adsorption time were kept
constant, and the adsorption efficiency of metal ions at variable pH
values was investigated. Likewise, the effect of the nanoparticle
amount and adsorption time on the adsorption of metal ions were
investigated separately. In the adsorption of nickel metal with FesO4
modified with silica gel, 93.60% efficiency was reached with pH:11,
0.15g adsorbent amount and adsorption time of 5 min -10 min. In the
adsorption of nickel metal with FesO4 modified with humic acid,
86.0% efficiency was reached with pH:11 and an adsorption time of
5 minutes with a 0.1 g adsorbent amount. The magnetic nanoparticle
modified with humic acid and silica gel is environmentally friendly
as it has no negative impact on the environment. The synthesis
technique is simple and inexpensive.

Additionally, toxic metals could be easily recovered from
water utilizing magnetic separations made with synthetic magnetic
nanoparticles, potentially lowering water treatment costs.The
magnetic nanoparticles that were created are expected to have a wide
range of applications in the removal of heavy metals from various
waters. The synthesis was produced by dehydrating iron(ll) and
iron(I11) hydroxides with the Schikorr reaction under optimal
conditions (pH:10.5, 50 mg particle, and 10 min contact time). The
mean removal percentage of nickel and cobalt was determined to be
92.54% and 90%, respectively, with FezOa/silica. Using the optimal
settings (pH:10.5, 50 mg particle, and 10 min contact time), the mean
removal percentage of nickel and cobalt with FesOs/HA/Ag was
determined to be 92.54% and 90%, respectively. Heavy metal
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determination study was carried out with proposed UV-VIS
spectrophotometric method.

The results demonstrate that in terms of magnetic
nanoparticle mass and contact duration, FezOa/silica was more
effective than FesO4/HA/Ag for the separation and preconcentration
of trace heavy metals. Because very little contact time and a small
amount of particles were employed to achieve the high removal
percentages.
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CHAPTER Il

Fundamental Components of Solid Oxide Fuel Cells
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Introduction

The rapid increase in the world population and the parallel
increase in energy demand have directed researchers to renewable
energy sources (Van Ruijven, De Cian & Sue Wing, 2019; Sadigov,
2022). Of these energy sources, fuel cells are one of the most alluring
energy conversion systems as they present high performance and
low pollution (Unal & et al., 2015). Fuel cells draw attention with
their advantages such as quiet operation, cleanness, efficiency,
sustainability, and noiselessness. Another advantage of fuel cells is
decentralized power generation and possible applications in mobile
devices (Demir & Aydin, 2012). A fuel cell is an electrochemical
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appliance that can transform the chemical energy of a fuel and an
oxidizer into heat and electrical energy (Scherer, 2012; Bakal & et
al., 2014). In this respect, Solid oxide fuel cells(SOFCs) have been
of primary importance among different types of fuel cells. SOFCs
are technologies that are attracting more attention in the modern era
due to optimum power generation with sufficient electrical
efficiency for household appliances and automobiles. SOFCs are
considered idealistic for future clean energy generation (Aydin,
Demir & Mat, 2014). SOFC technology is not limited to
conventional heat engines that accept leakage, lubrication, and heat
loss issues (Hussain & Yangping, 2020). In this section, information
about the structure, working principle, and components of the SOFC
is given.

Structure and working principle of SOFC

A fuel cell typically consists of an anode, a cathode, and an
electrolyte (Dwivedi, 2020). In SOFC, oxygen or air is sent to the
flow channels on the cathode side and spreads to the flow channels
where it becomes an O ion. At the same time, hydrogen is sent to
the flow channels on the anode side as fuel. The ceramic electrolyte
only allows the oxygen ion to pass to the anode side. After the
oxygen ion passes to the anode side, electrons are released as a result
of the electrochemical reaction occurring in the cell. The exposed
electrodes are collected with the help of current collectors and
electrical energy is produced by the movement of electrons from the
anode to the cathode (Figure 1). The electrons finally reach the
cathode and continue the process (Kalra, Garg & Kumar, 2015;
Golkhatmi, Asghar & Lund, 2022). The reactions occurring in the
anode, cathode, and total cell in SOFC are as follows (Mudasir & et
al., 2023; Yatoo & et al., 2023).

Cathode Reaction : Ox(g) + 4 — 20*
Anode Reaction: 2Hx(g) + 20* — 2H,0(g) +4€°
General Reaction: 2Hz(g) + O2(g) — 2H20(g)
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Components of SOFC

A typical SOFC cell; the Membrane electrode group (MEG)
consists of a combination of anode, cathode, and electrolyte (Kee &
et al., 2008; Dwivedi, 2020). The MEG is given visually in Figure 2.

D)

Figure 2. MEG groups (https://www.azom.com/equipment-
details.aspx?EquiplD=3946)
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The basic components of SOFC are displayed in Figure 3.

oxidant (air)
QOQ Po; =0.21 bar

porous cathode

electrolyte ¢ @ >< V; Cell
II ; Cell

Figure 3. Schematic of a SOFC element with anode, cathode, and
electrolyte (Gauckler & et al., 2004)

Membrane electrode groups can be combined to achieve
higher power. The solid electrolyte is gas permeable and carries only
oxygen ions between the cathode and the anode, filling the gap.
While the oxidation of the fuel takes place at the anode, which is one
of the two electrodes, the reduction of oxygen occurs at the cathode.
These reactions occur at the interface of the electrolyte and the
electrodes. A typical SOFC MEG; consists of a YSZ (yttria-
stabilized zirconia) electrolyte, NiO-YSZ (nickel oxide- yttria-
stabilized zirconia) anode, and LSM-YSZ (lanthanum strontium
manganite-yttria-stabilized zirconia) cathode (Gauckler & et al.,
2004; Hao & et al., 2017; Dwivedi, 2020; Shahsavari & et al., 2022;
Mudasir & et al., 2023)

porous anode |

y fuel -«
Y 4 Ha Pos = 1020 bar H0

Electrolyte materials

Yttria (Y203) stabilized with YSZ or zirconia (ZrOy) is
generally used as the material for SOFC (Hussain & Yangping,
2020). Temperatures above 850°C are usually required for operation.
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Due to the high temperature, temperature-resistant material is
required.

Electrolyte materials should have the following properties
(Hussain & Yangping 2020; Pigtowska & et al., 2021; Zaman &
Hatzell, 2022):

1. The electrolyte should have high ion conductivity.
2. Solid electrolytes should have low electronic conductivity.

3. The solid and dense electrolyte between the two electrodes
is essentially a ceramic material with ion permeability.

4. The mechanical strength of the electrolyte must be high
enough.

5. The thermal stability of the electrolyte must be good so
that it can distribute thermal stresses evenly.

6. Raw materials should not be costly and the processing
method should be cost-effective.

Below is a graph of the ionic conductivity of the most
commonly used electrolyte materials for SOFCs (Figure 4).

T[°C]
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T

o
1

1 —La,Sr,,Ga Mg O,
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log o [Q'em™)]

(ZrO,) .(Sc,0,)
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14 16 18
1000/T [K]

Figure 4. lonic conductivities of different electrolyte materials
(Gauckler & et al., 2004)

--29--



Anode materials

The anode is an important component in SOFC technology
due to the microstructure that can give the best electrochemical
performance. As it is known, the fuel oxidation reaction takes place
at the anode. These reactions take place in regions called the anode
triple-phase region where the fuel (pore), ion-conducting phase, and
electronic-conducting phase coexist. Therefore, cell performance is
directly dependent on the number and length of the triple-phase
regions (Suzuki & et al., 2009; Dwivedi, 2020). In this context, both
SOFC anode and SOFC cathode materials have a composite
structure that includes an ion-conducting (usually electrolyte) phase
as well as an electronically conductive catalyst material. In this way,
electrochemical reactions occurring in the electrodes can take place
in the entire electrode volume, and significant improvements in cell
performance can be achieved due to increased electrochemical
reaction zones. The anode material to be used should have a high
degree of electronic conductivity, good chemical stability, and
thermal compatibility with other system components. At the same
time, the anode material must have sufficient porosity to conduct
fuel effectively and high electrocatalytic efficiency for oxidation
reactions. When all these factors are combined, it is seen that the
oxidation reaction occurring at the anode will minimize the
polarization losses and form high-performance SOFCs (Dwivedi,
2020; Develos-Bagarinao & et al., 2021).

Cathode materials

The cathode is an important component of the SOFC, which
has the porosity that allows the passage of oxygen and converts the
oxygen into ions by reducing it (Tahir & et al., 2022). Similar to the
anode, this reduction reaction; develops in specific regions where
oxygen ions, electrons, and oxygen molecules meet. These regions
are called the cathode triple phase region, and similar to the anode,
the number and length of these regions directly affect cell
performance (Wang & et al., 2022). Table 1 gives the properties of
some SOFC cathode materials.
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Table 1. Properties of some relevant SOFC cathode materials
(Mudasir et al., 2023)

Material composition Total conductivity (S/cm) Tonic conductivity ($/cm) TEC (x10%°C™)
LaMnOy 71(700°C) - 9.5-10.75 (25-1000 °C)
LagsStp,Mn0,; 150(500°C) 42%107°(750°C) 118 (30-1000 °C)
LagStp MnO,; 125 (700°C) - 11.7-12.2 (25-1000 °Cy
LagS1,.C00, 5 1084 (1000°C) 022 (800°C) 205 (30-1000°C)
LagS1,,C00; 5 1291 (1000°C) 49x 107 (750°C) 19.7 (100-900°C)
LagSt5.C052Fe 1055 320 (700°C) $x107 (800°C) 15.3 (100-600°C)
La,NiO,.; 85 (700°C) 4x107 (800°C) 13.8 (75-900°C)
LaNiOy.5 87 (800°C) - 11.5 (250-800°C)
PENIO 0.5 90 (600°C) - 12 (25-1000°C)

The properties that should be in a typical SOFC cathode
material are listed below (Sun, Hui & Roller, 2010; Zhang & Hu,
2023):

1. It has both ionic and electronic conductivity.

2. Coefficient of thermal expansion to be compatible with other
system components such as electrolyte, sealing element, and
interconnector to avoid breakage and delamination during
operation of SOFCs

3. Sufficient porosity to allow diffusion of oxygen to the
cathode

High catalytic activity

It should not enter into a chemical reaction with other system
components.

Conclusion

SOFCs are of great interest worldwide due to their fuel
flexibility and real power generation devices with low environmental
effects. However, there are some problems with the development of
SOFCs. One of the basic difficulties of SOFCs is the high operating
temperature, which leads to a rapid rate of degradation in cell
performance. Due to the lower operating temperature of SOFCs and
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the expensiveness of the materials used, the search for alternative
materials for different components continues. In this chapter article,
SOFC cell components and properties such as electrolyte, cathode,
and anode are mentioned. Further development of SOFC technology

is expected with the discovery of new materials and the development
of already-known materials.
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CHAPTER Il

Computational Investigation for Lone-Pair
Interactions with Transition Metals: The Complexes
Formed by Cr*, Mn*, Fe*, Co", Ni*, Cu*, and Zn*
Binding with Aza-Cryptands
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Introduction

Noncovalent interactions (NCIs) are often the dominant kind
of intermolecular interactions in processes including drug binding,
protein folding, and nanomaterial self-assembly (Mahadevi &
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Sastry, 2013, 2016; Miiller-Dethlefs & Hobza, 2000; Saha & Sastry,
2015; Schug & Lindner, 2005; Wheeler & Bloom, 2014). They cover
a broad spectrum of weak interactions, such as hydrogen bonding,
cation—x, and n—r interactions, anion—mx, halogen bond, and metal
ion—lone pair (Kumar vd., 2021; Mahadevi & Sastry, 2013, 2016;
Miiller-Dethlefs & Hobza, 2000; Saha & Sastry, 2015; Schug &
Lindner, 2005; Sharma vd., 2015, 2016; Wheeler & Bloom, 2014).
Because of their unique properties, NClIs also have a lot of potential
applications in  supramolecular  chemistry, biochemistry,
pharmaceutics, and materials science research (Ayinla vd., 2023;
Jena vd., 2022; Ravva vd., 2017; Schug & Lindner, 2005). This
makes it easier to create functional materials and develop new
technologies. Because experimental measurements of NCIs are very
difficult, particularly for big molecules that include a significant
number of NClIs, efficient tools—highly precise first-principles
approaches, in particular—are frequently used (Mahadevi & Sastry,
2013, 2016; Miiller-Dethlefs & Hobza, 2000; Saha & Sastry, 2015;
Schug & Lindner, 2005; Wheeler & Bloom, 2014).

Cryptands are large, bicyclic or polycyclic structures that
have the ability to encapsulate ions like a cage and form complexes
with them (Alibrandi vd., 2015; Bharadwaj, 2017; Dietrich, 1996;
Gupta vd., 2019; Monta-Gonzalez vd., 2022; Sarkar vd., 2003;
Taschner vd., 2020; Zhang vd., 2014). An essential family of
chemical compounds is macrocyclic cryptands containing amine
groups, namely aza-cryptands (Bharadwaj, 2017; Gupta vd., 2019;
Sarkar vd., 2003; Taschner vd., 2020). These compounds can
combine with various transition and main group metal ions to
produce inclusion complexes. By taking advantage of the tendency
of the cryptand to form metal complexes, the structure and energetics
of the complexes formed by the 3%adamanzane (3%adz) aza-cryptand
(Figure 1) with transition metal (M) cations (Cr*, Mn*, Fe*, Co*,
Ni*, Cu*, and Zn") were computationally investigated.
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Figure 1. Optimized Structure of 36adz Aza-Cryptand at the
wB97XD/6-31+G(d,p) level.

Computational Details

Geometry optimization and harmonic vibrational frequency
computations were performed by employing the density functional
theory (DFT) and the ®B97XD functional (Chai & Head-Gordon,
2008) for the complexes formed by 3%adz with M cations such as
Cr*, Mn*, Fe*, Co*, Ni*, Cu*, and Zn". In this regard, the 6-
31+G(d,p) basis set (Ditchfield vd., 2003; Hehre vd., 2003) was
utilized for all complexes. To determine the structures with the
lowest energy for 3%adz—M* complexes, doublet, quartet, and sextet
spin states of 3%dz—Cr*, 3%dz—Fe', 3%dz—Ni*, 3%dz—Zn"
complexes, and singlet, triplet, quintet, and septet spin states of
3%adz—Co* and 3%dz—Cu*, and 3%adz—Mn" complexes were
optimized at the ®B97XD/6-31+G(d,p) level. All interaction
energies for all complexes studied were computed with the
counterpoise procedure (Boys & Bernardi, 1970) at the ®B97XD/6-
311++G(d,p) level. In addition, the Douglas-Kroll-Hess (DKH)
approximation was used to account for scalar relativistic effects on
the complexes considered.
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Results and Discussion

The optimized geometries of all complexes studied at the
®B97XD/6-31+G(d,p) level is illustrated in Figure 2. The structures
with the lowest energy are sextet for 3%adz—Cr* and 3%adz—Fe",
septet for 3%dz—Mn", triplet for 3%adz—Co*, doublet state for
3%adz—Ni* and 3%adz—Cu*, and 3%dz—Zn" complexes at the
©B97XD/6-31+G(d,p) level. The 3%adz is recognized as an Ss-
symmetric structure containing the four lone pairs of the N atom
oriented toward the center of the cage. The M*™=N1 and M*-N2
distances are 2.104—2.104 A, 2.078-2.046 A, 2.021-2.021 A,
2.038-2.020 A, 2.015-2.015 A, 2.020—2.020 A, and 2.004—1.986 A
for the 3%dz—M* (M: Cr*, Mn*, Fe*, Co*, Ni*, Cu*, and Zn*)
complexes at their optimized geometries, respectively. This clearly
shows that in the 3%adz—Cr*, Fe*, Ni*, and Cu* complexes studied
the metal cations were symmetrically placed to the center of the
3%adz to which they are attached, while in the 3°adz—Mn*, Co*, and
Zn* complexes metal cations were not symmetrically placed to it.
The critical structural parameters for all 3%adz—M"* complexes are
shown in Table 1. As seen in Figure 2, the 3%adz—Cr*, Fe*, Ni*, and
Cu* complexes maintain the Ss symmetry of 3%dz, whereas the
3%adz—Mn", Co*, and Zn* complexes is lowered to C;.
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Figure 2. The optimized geometries of the 3%adz—M* (M: Cr, Mn,
Fe, Co, Ni, Cu and Zn) complexes at the wB97XD/6-31+G(d,p)
level.

Table 1. M*---N1/N2 Distances (in A) at the ®B97XD/6-31+G(d,p)
Level, Nonrelativistic Interaction Energies and Interaction
Energies Including Relativistic Corrections (in kcal mol~/) at the
®wB97XD/6-311++G(d,p) Level for the 3%adz—M* (M: Cr, Mn, Fe,
Co, Ni, Cu and Zn) Complexes Considered.

M---N1 M---N2 Non- IEs Including
Distance Distance relativistic Relativistic
A) (A) IEs Corrections
(kcal/mol) (kcal/mol)
3%adz—Cr* 2.104 2.104 -108.5 -112.6
3%adz—Mn" 2.078 2.046 -73.3 -73.5
3%adz—Fe* 2.021 2.021 -92.4 -92.7
3%adz—Co* 2.038 2.020 -146.7 -152.4
3%adz—Ni* 2.015 2.015 -155.6 -162.0
3%adz—Cu* 2.020 2.020 -151.6 -158.4
3%adz—Zn* 2.004 1.986 -87.8 —89.0
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Table 1 shows the computed nonrelativistic interaction
energies (IE) for the 3%dz—M* complexes considered at the
®B97XD/6-311++G(d,p) level. The computed nonrelativistic IE
values for the 3%adz—M* complexes are —108.5 kcal mol™ for
3%adz—Cr*, —73.3 kcal mol™? for 3%adz—Mn*, —92.4 kcal mol™ for
3%adz—Fe*, —146.7 kcal mol™ for 3%adz—Co*, —155.6 kcal mol™ for
3%adz—Ni*, —151.6 kcal mol™? for 3%adz—Cu* and —87.8 kcal mol™
for 3%adz—Zn*at the ®B97XD/6-311++G(d,p) level.

The computed IE values with relativistic corrections for the
3%adz—M"* complexes at the ®B97XD/6-311++G(d,p) level are
reported in Table 1. The computed relativistic energy correction for
interaction energy is —4.1 kcal mol™ for 3%adz—Cr*, —0.2 kcal mol™
for 3%adz—Mn*, —0.3 kcal mol™ for 3%adz—Fe*, —5.7 kcal mol* for
3%adz—Co*, —6.4 kcal mol™? for 3%adz—Ni*, —6.8 kcal mol™ for
3%adz—Cu* and —1.2 kcal mol? for 3%adz—Zn* complex at the
®oB97XD/6-311++G(d,p) level, indicating that these energy
correction values are not negligible except for 3%adz—Mn* and
3%adz—Fe* complexes, and therefore they should take into account
for an accurate description of the corresponding 3%dz—M*
complexes.

The computed IE values including relativistic energy
correction for the 3%adz—M* complexes are —112.6 kcal mol™ for
3%adz—Cr*, —73.5 kcal mol™? for 3%adz—Mn*, —92.7 kcal mol™* for
3%adz—Fe*, —152.4 kcal mol™ for 3%adz—Co™, —162.0 kcal mol™* for
3%adz—Ni*, —158.4 kcal mol™? for 3%adz—Cu* and —89.0 kcal mol™
for 3%dz—Zn*at the ®B97XD/6-311++G(d,p) level. The bigger
negative value for the 3%adz—Ni* complex indicates that it is more
stable than the other complexes because it fits into the cage cavity
more easily. Overall, the negative values demonstrate the stability of
the all complexes considered.

Conclusion

In this study, we undertake an extensive study to elucidate
the structures and interaction energies of the complexes formed by
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transition metals, such as Cr*, Mn", Fe*, Co*, Ni*, Cu®™ and Zn*, with
3%adamanzane aza-cryptand employing DFT method and ®B97XD
functional. At their optimized geometries of complexes studied, the
3%adz—Cr*, Fe', Ni*, and Cu* complexes maintain the S4 symmetry
of 3%dz, whereas the 3%adz—Mn*, Co*, and Zn* complexes is
lowered to Ci. The computed relativistic energy correction for
interaction energy is —4.1, —0.2, —0.3, —5.7, —6.4, —6.8 and —1.2 kcal
mol™? for 3%adz—Cr*, Mn*, Fe*, Co*, Ni*, Cu* and Zn* complexes,
respectively, at the ®B97XD/6-311++G(d,p) level, indicating that
these energy correction values are not negligible except for
3%dz—Mn"* and 3%adz—Fe* complexes. The computed IE values
including relativistic energy correction for the 3%adz—M* complexes
are —112.6 kcal mol* for 3%adz—Cr*, —73.5 kcal mol? for
3%adz—Mn*, —92.7 kcal mol™? for 3%adz—Fe*, —152.4 kcal mol™* for
3%adz—Co*, —162.0 kcal mol™? for 3%adz—Ni*, —158.4 kcal mol™* for
3%dz—Cu* and —89.0 kcal mol™* for 3%adz—Zn" at the ®B97XD/6-
311++G(d,p) level.
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CHAPTER IV

Synthesis and characterization of a heterogeneous
catalyst supported with mesoporous SBA-15 and
investigation of its catalytic activity in asymmetric
transfer hydrogen reactions in various aromatic
ketones

Osman Tayyar ARLI*
Yasar GOK 2
Halil Zeki GOK ®

Introduction

Since the importance of stereocisomerism in various fields,
especially in the pharmaceutical industry, has been understood,
studies on the synthesis of enantiomerically pure chemicals have
come to the fore. One of the important methods in the synthesis of
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enantiomerically pure compounds is enantioselective catalysts.
(Gok, Aykut, & Gok, 2020) For example, enantioselective catalysts
used in asymmetric hydrogen transfer reactions involving the
transformation of carbonyl compounds into alcohols, which have an
important place in organic chemistry, generally catalyze the
reactions by forming a complex with a chiral ligand carrying
asymmetric information and transition metals such as iron, cobalt
and ruthenium (Foubelo, Najera, & Yus, 2015). Although these
catalysts stand out with their advantages such as easy processability
and usability in low gquantities, they also have some disadvantages in
terms of environmental damage, recyclability and reusability in
industrial processes. In order to cope these disadvantages, studies on
the immobilization of various catalysts on solid support materials are
being carried out intensively (Ghorbani-Choghamarani, Tahmasbi,
Hudson, & Heidari, 2019). Various solid support materials in
nanoparticle structure play an important role in increasing catalytic
efficiency, reusability and enantioselectivity. Among the solid
support materials, SBA-15 and MCM-41 regularly porous structures
are very interesting with their features such as high surface areas and
controllable pore structures (Xu, Bing, Jia, Bai, & Sun, 2022).
Studies on the development of heterogeneous catalysts that provide
more efficient catalytic activity, functionalized with various
modifications of these support materials in the silica structure, such
as SBA-15, continue in a wide range of reactions. In addition, regular
mesoporous structures such as SBA-15 can generally be synthesized
by the sol-gel method in an aqueous environment under mild
conditions, starting from a silane compound such as tetraethyl
orthosilicate (Croissant, Fatieiev, Almalik, & Khashab, 2018).

Based on the aforementioned information, the scope of this
study was to synthesize an organic ligand and graft it onto
mesoporous SBA-15. It was also aimed to examine the
characterization of the obtained heterogeneous catalyst and its
catalytic activity in asymmetric transfer hydrogen reactions of
various aromatic ketones.
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Materials And Methods

Mesoporous SBA-15 and triethoxy(3-
isothiocyanatopropyl)silane (1) used in the study were synthesized
by our group in previously published studies (Gok & Gok, 2020).
(IR,  2R)-1,2-diphenylethane-1,2-diamine,  p-toluenesulfonyl
chloride and the other reagents were purchased from commercial
suppliers (Sigma-Aldrich or Merck). Purification and drying of all
solvents used in the experiments carried out within the scope of the
study were carried out using the procedures in Perrin and Armarego.
Nuclear magnetic resonance measurements (NMR) for *H and **C
were performed in CDCls with a Bruker AVANCE |11 400 MHz
Nanobay instrument. Mass spectrometry (MS) and matrix assisted
laser desorption ionization-time of flight measurements (MALDI-
TOF) were performed with an Agilent LC-MS/MS 6460 Triple
QUAD and a Bruker Daltonics spectrometer instrument. Fourier
transform infrared spectroscopy measurements (FT-IR) were
performed with a Perkin Elmer Spectrum 65 instrument using the
KBr pellet technique. X-ray diffraction measurements (XRD) were
performed using Cu-K, radiation (A= 0.154056 nm) with a
PANalytical Empyrean X-ray diffractometer device in the range of
1-10° and 10-80° 20 scattering angles. A Jeol SEM-7100-EDX
device was used to record field emission scanning electron
microscope images (FESEM). Thermogravimetric analysis
measurements (TGA) were carried out with a Seiko SII TG/DTA
7200 instrument with a flow rate of 2 ml min* N, and a heat rate of
10 C° min™. N2 adsorption - desorption isotherms were measured
using a Micrometrics Surface Area and Porosity Tristar Il analyzer.
The Brunauer-Emmett-Teller (BET) method was utilized to
calculate the surface area and the Barrett, Joyner and Gelenda (BJH)
method was utilized to calculate the pore diameter distribution.
Optical activity measurements were performed using a Rudolph
Autopol I polarimeter. Enantiomeric excesses were measured with a
Shimadzu GC-2010 Plus instrument equipped with a chiral column
(HP-Chiral-20B).
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Synthesis of triethoxy(3-isothiocyanatopropyl)silane (1)

Triethoxy(3-isothiocyanatopropyl)silane was previously
synthesized in a published study by our group (Gok & Gok, 2020).
Briefly, freshly distilled dry THF (14.5 mL) and dry NEt3 (1.5 mL)
at 0 °C were added to commercially available 3-
aminopropyl)triethoxysilane (APTES) (0.864 mL) under N2. 488 uL.
thiophosgene was added dropwise to the reaction medium and the
color change was observed. At the finish of the reaction monitoring
by TLC, the reaction was terminated after 3 hours and 15 minutes. It
was extracted with DCM, dried with Na>SOj4, and purified by flash
chromatography in the hexane/EtOAc (5/95) system. Yield: 0.54 g
(57%). FT-IR (disk) v =2974, 2927, 2886, 2178, 2097, 1679, 1443,
1390, 1345, 1192, 1165, 1099, 1071, 954, 873, 779 cm™. 'H-NMR
(400 MHz, CDCls, ppm) &: 1.83 (s, 2H, NH>), 2.35 (s, 3H), 4.17 (d,
J=5.4Hz, 1H), 4.42 (d, J = 5.4 Hz, 1H), 7.00 (m, 2H), 7.13-7.20
(m, 11H), 7.34-7.36 (m, 2H). *C-NMR (100 MHz, CDCls, ppm) &:
7.7 (CHo), 18.3 (CHs), 24.1 (CH2), 47.3 (CHy), 58.5 (CH2), 171.0
©).

Synthesis of N-((1R,2R)-2-amino-1,2-diphenylethyl)-4-
methylbenzenesulfonamide (2)

N-((1R,2R)-2-amino-1,2-diphenylethyl)-4-
methylbenzenesulfonamide (2) was synthesized using a previously
published method (Giuffredi, Purser, Sawicki, Thompson, &
Gouverneur, 2009). (1R, 2R)-1,2-diphenylethane-1,2-diamine (1 g,
4.71 mmol) was putted to the flask containing newly distilled dry
THF (35 mL) and dry NEts (0.364 g, 3.6 mmol) as the base under
argon atmosphere at 0 °C. The reaction medium was stirred for 1 h
at these conditions. Then a solution of p-toluenesulfonyl chloride
(0.982 g, 5.15 mmol) in dry THF (15 mL) was added dropwise with
the help of a dropping funnel to the reaction medium at 0 °C, under
argon atmosphere. The reaction medium was stirred for further 21 h.
Formation of products and depletion of reactants were tracked by
TLC. At the end of the reaction period, the resulting reaction mixture
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evaporated under reduced pressure. Then a saturated sodium
bicarbonate solution was added to the remaining product and
extracted with saturated sodium chloride solution and
dichloromethane solvent system. The organic layer of the mixture
was dried with anhydrous sodium sulfate, and then the solvent of the
mixture was evaporated under vacuum to give a crude product. The
remaining crude product was subjected to the flash chromatography.
The solvent system was hexane/ethyl acetate (10/90), affording pure
product as a white powder. Yield: 0.41 g (%79). [a]3°= -15 (c, 1.0,
CHCI3). FT-IR (disk) v=3344, 3286, 3084, 3065, 3028, 2924, 2863,
1944, 1880, 1808, 1737, 1597, 1492, 1454, 1329, 1155, 1086, 1055,
1017, 983, 912, 812, 767, 697 cm™. *H-NMR (400 MHz, CDCls,
ppm) &: 1.83 (s, 2H, NHy), 2.35 (s, 3H), 4.17 (d, J = 5.4 Hz, 1H),
4.42 (d, J = 5.4 Hz, 1H), 7.00 (m, 2H), 7.13-7.20 (m, 11H), 7.34—
7.36 (m, 2H). **C-NMR (100 MHz, CDCl3, ppm) &: 21.4 (CHg), 60.5
(CHNH_y), 63.2 (CHNHTSs), 126.5 (CH), 126.8 (CH), 127.0 (CH),
127.3 (CH), 127.4 (CH), 128.2 (CH), 128.4 (CH), 129.1 (CH), 137.3
(C), 139.2 (C), 141.4 (C), 142.4 (C). MS (ESI") MS calculated
[M+H]" for C21H22N20,S: 366.48 found: 367.8 [M+H]*, 389.8
[M+Na]*, 405.7 [M+K]".

Synthesis of N-((11R,12R)-4,4-diethoxy-11,12-diphenyl-9-
thioxo-3-o0xa-8,10-diaza-4-siladodecan-12-yl)-4-
methylbenzenesulfonamide (3)

Compound (2) (0.271 g, 0.74 mmol) was dissolved in dry
DCM (12.5 mL) inan inert atmosphere and at room temperature, and
stirring was started. Then, compound (1) (0.178 g, 0.68 mmol) was
dissolved in dry DCM (10 mL) and transferred to a dropping funnel
using a cannula. It was slowly dropped into the reaction medium,
which was mixed under an inert atmosphere. Product formation and
depletion of reactants were monitored using TLC. After 24 hours,
the temperature of the reaction medium was increased to 30 °C and
a reflux was added. The reaction was terminated at 48 hours. The
reaction medium was transferred to an evaporation flask and the
solvents were evaporated under vacuum. The obtained crude product
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was subjected to flash chromatography. DCM:MeOH (98/2) was
used as the solvent system and pure compound (3) was obtained as
a yellowish oil. Yield: 0.45 g (%97). [a]%°= 6.7 (c, 1.0, CHClIs). FT-
IR (disk) v = 3346, 3277, 3062, 3032, 2968, 2924, 2872, 1598, 1544,
1494, 1454, 1415, 1384, 1303, 1290, 1153, 1066, 935, 812, 796, 758,
696, 663 cm™. 'H-NMR (400 MHz, CDCls, ppm) &: 0.63 (t, 2H,
CH?y), 0,88 (t, 2H, CH>), 1.2-1.3 (m, 9H), 2.31 (s, 3H, CH3), 3.4 (m,
2H, CHy), 3.8 (m, 6H, CH>), 4.14 (d, 1H), 4.39 (d, 1H), 7.5-7.0 (m,
16H), 9.3 (m, 2H, NH). *C-NMR (100 MHz, CDCls, ppm) &: 7.7,
18.3,21.3,22.2, 22.7, 29.4, 29.7, 30.2, 31.2, 58.5, 60.5, 63.2, 63.8,
126.9, 127.6, 127.7, 128.0, 128.2, 128.4, 128.6, 129.1, 129.2, 137.8,
137.9, 138.0, 142.9, 156.0. MS (ESI*) MS calculated [M+H]* for
Cs1H43N305S,Si: 629.91 found: 629.04 [M+H]".

Synthesis of mesoporous SBA-15 supported heterogenous
catalyst (4)

First, mesoporous SBA-15 was kept under vacuum at 120 °C
for 2 hours to activate it. Then, compound (3) (0.163 g) was
dissolved in dry toluene (40 mL) under an inert atmosphere and
transferred to a dropping funnel using a cannula. Activated SBA-15
(1 g) was dissolved in dry toluene (10 mL) and mixed at room
temperature. Compound (3) began to be added dropwise to the
reaction medium. After the dripping was completed, the temperature
was increased to 110 °C and the reaction medium was stirred for 24
hours. At the end of this period, the reaction medium was filtered
under vacuum and washed with toluene, ethanol and methanol
respectively. Heterogeneous catalyst (4) was acquired as white
powder (1.10 g).

Monitoring the catalytic activity of mesoporous SBA-15
supported heterogenous catalyst (4) in asymmetric transfer
hydrogen reactions in various aromatic ketones

As a general procedure, in each test reaction to determine the
catalytic activity of catalyst (4), heterogeneous catalyst (4) and
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[Ru(p-cymene)Cl2]. were added to 7 mL of isopropyl alcohol under
an inert atmosphere and at room temperature, then the temperature
was increased to 82 °C and mixed for 2 hours. At the end of the
second hour, aromatic ketone was added to the reaction medium at
room temperature and then the temperature was increased to 82 °C
again. Finally, the reactions were initiated by adding base at this
temperature. In order to monitor the conversion rates and
enantiomeric excesses of aromatic ketones into their corresponding
alcohols, a few drops were taken from the reaction medium at certain
intervals, diluted with isopropyl alcohol and filtered with the help of
a microfilter. The filtrates were loaded into the GC equipped with a
chiral column and the results of the conversions and enantiomeric
excesses were obtained. The results were calculated based on the
areas under the peaks of ketones and their corresponding alcohols.

Results And Discussions

Characterization studies of compound 3 and mesoporous SBA-
15 supported heterogeneous catalyst (4)

The synthesis route of the heterogeneous catalyst (4) starting
from (1R, 2R)-1,2-diphenylethane-1,2-diamine is given in Scheme
1.
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Scheme 1 - Synthesis of heterogeneous catalyst (4) grafting with
mesoporous SBA-15

FT-IR spectroscopy was first used for the characterization of
the synthesized compound (3) and heterogeneous catalyst (4). FT-
IR spectra of compound (3) and heterogeneous catalyst (4) are
shown in Figure 1 along with the spectrum of SBA-15. When the
spectrum of compound (3) is examined, the stretching vibration
band of the C=S bond is seen around 1065 cm™. In addition,
stretching vibrations of the S=O bond are also seen in the 1415 cm”
! region. In the 3300 cm™ regions, stretching of the N-H bonds are
observed. These results indicate that compound (3) was successfully
synthesized. In the spectrum of heterogeneous catalyst (4),
characteristic out of plane, bending and stretching vibrations of Si-
O bonds are seen in the regions of 460, 805 1085 cm™, similar to
SBA-15. Finally, in the 3420 cm™ regions, the stretching vibration
of the N-H bond is seen superposed with the O-H stretching
vibration in the silanol groups. These spectral data demonstrate
successful grafting of compound (3) onto mesoporous SBA-15.
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Figure 1 - FT-IR spectra of SBA-15, compound 3 and
heterogeneous catalyst (4)

FESEM analysis was performed to determine the
morphological structure of heterogeneous catalyst (4) and to
compare the similarity of the synthesized catalyst to SBA-15, it was
also examined by SEM analysis. According to the obtained FESEM
micrographs, it was observed that heterogeneous catalyst (4) had a
worm-like morphology similar to SBA-15. The resulting
micrographs are shown in Figure 2.

Figure 2 - FESEM micrographs of a) SBA-15 and b) heterogeneous
catalyst (4)
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The crystallinity of the heterogeneous catalyst (4) and SBA-
15 was examined by low angle XRD. In the obtained XRD
diffraction patterns, SBA-15 indicate robust diffraction reflection at
(100) 26=0.90. This result demonstrates the regular hexagonal
symmetry of mesoporous SBA-15. The XRD pattern of the
heterogeneous catalyst (4) shows the characteristic peaks of SBA-
15. This result shows that compound (3) was successfully grafted
into the mesoporous ordered structure of SBA-15 without any
structural distortion. Low angle XRD patterns are shown in Figure
3.

=——SBA-15 —14

intensity (a.u.)

0.5 | 1i5 | 2i5 35 | 4'.5
20 (degree)

Figure 3 - Low angle XRD patterns of SBA-15 and heterogeneous
catalyst (4)

Structural parameters of SBA-15 and heterogeneous
catalyst (4) were calculated based on N2 adsorption-desorption
measurements. According to the IUPAC adsorption isotherm
classification, N2 sorption isotherms of SBA-15 and heterogeneous
catalyst (4) are compatible with H1 hysteresis and Type 4 adsorption
isotherm. Sorption isotherms and pore diameter distribution curves
of SBA-15 and the heterogeneous catalyst (4) are shown in Figure
4.
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Figure 4 - N2 sorption isotherms and pore size distributions of
SBA-15 and heterogeneous catalyst 4

According to the N2 adsorption-desorption results obtained,
the amount of N2 increased in the range of 0.5 < P/Pg < 0.7. Surface
areas (Sget), pore volumes (V) and pore diameters (Dp) calculated
according to the results obtained from the measurements are given
in Table 1. According to the obtained results shown in Table 1,
heterogeneous catalyst (4) has lower pore volume, average pore
diameter and surface area compared to SBA-15, these results
indicate the successful grafting of compound (3) onto SBA-15.

Table 1 - Structural parameters of SBA-15 and heterogeneous

catalyst (4)
Specimens Surface Area Pore Diameter Pore Volume
(m’g) (nm) (cm®g™)
SBA-15' 459¢ 5.68¢ 0.51¢
4 393 5.39 0.47

results from previously published study of our group (Gok & Gok, 2020)

Thermogravimetric analysis of heterogeneous catalyst (4)
and SBA-15 was performed to calculate the amount of compound
(3) grafted onto SBA-15. The resulting TGA curves are shown in
Figure 5.
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Figure 5 - TGA curves of SBA-15 and heterogeneous catalyst (4)

When looking at the curve of SBA-15, approximately 3%
mass loss is seen in the first region between 20 - 115 °C. The mass
loss in this region is due to the loss of water and/or organic solvents
over the surface and pores of mesoporous SBA-15. In the curve of
SBA-15, the second mass loss appears between 125 and 650 °C. The
mass loss in this range (about 2%0), where the curve almost flattens,
can be attributed to silanol condensation in the mesoporous structure.
When looking at the curve of heterogeneous catalyst (4), it is
observed that the initial mass loss is between 20 - 115 °C, similar to
SBA-15. Similarly, this loss (about 3%) is due to the removal of
water and/or solvents within the mesoporous structure. On the other
hand, it is seen that heterogeneous catalyst (4) loses mass before
SBA-15 in this region. This result can be attributed to its
hydrophobic character. Finally, when looking at the second mass
loss region of heterogeneous catalyst (4), it is seen that this loss is
approximately 7% between 250 - 675 °C. This loss can be referred
to the cast out of covalently bonded organic groups from the
mesoporous structure.
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Catalytic activity of mesoporous SBA-15 supported
heterogeneous catalyst (4) in ATH reactions of various
aromatic ketones

In determining the catalytic activity of the heterogeneous
catalyst (4), the optimum reaction conditions were first investigated
with various test reactions, choosing the asymmetric transfer
hydrogenation reaction of acetophenone as a model reaction. These
test reactions primarily involved the formation of a complex between
the catalyst and [Ru(p-cymene)Cl.]2, isopropy! alcohol serving as a
hydrogen donor, and the relevant base catalyzing the reaction. While
the effects of base type, base amount and substrate/catalyst ratio
were examined in determining the best catalytic activity, the
catalytic activities without catalyst, [Ru(p-cymene)Cl2]. and base
were also examined. The results obtained are shown in Table 2.

Table 2 - Reaction optimization for heterogeneous catalyst (4) at
asymmetric transfer hydrogenation of acetophenonel?

o) OH
OH [RU(p-cy(ch)ene)Clz]z 1)
+
o R o - A
Entry Time Base | mmo Conversion %oeel® SiIC
(h) l (%)™ !
1 24 NaOH 1 93 ras. 250/1
2 24 KOH 1 53 ras. 250/1
3 24 NEts 1 58 ras. 250/1
4 24 t- 1 69 ras. 250/1
BuOK
5l 24 NaOH 1 79 ras. 250/1
6l 24 NaOH 1 97 ras. 250/1
7ld.€] 24 NEt3 1 0 - 250/1
glel 24 NEts 1 44 ras. 250/1
olfl 24 - - 0 - 250/1
10 24 NEts 1 92 ras. 100/1
11 24 NEts 1 54 ras. 500/1

--60--



12 24 NEt; 1 27 ras. 1000/1

13 24 NEts 0,8 90 ras. 100/1

14N 24 - - 8 ras. 100/1
[a] Reactions were performed in 7 mL of isopropanol with Ru:ligand = 1:2.
Substrate/catalyst ratio was 250/1 for the entries 1-9. [b] Determined by GC (HP-
Chiral-20B). [c] The absolute configuration was confirmed by comparing the
retention times of the enantiomers on the GC traces with those reported in the
literature. [d] Without of [Ru(p-cymene)Cl.]. [e] Without of catalyst. [f] Without
of [Ru(p-cymene)Cl,]2 and base. [h] Without of base.

As the beginning of the test reactions, reactions containing
various bases (NaOH, KOH, NEts and t-BuOK) were carried out in
the base type, 250/1 substrate/catalyst ratio and 1 mmol base
amount. As a result of these test reactions, the highest conversion
rate was obtained in the reaction (93%) (Table 2, entry 1) in which
NaOH was used as a base, but since bases containing alkali metals
already gave high conversion in this reaction type even without
catalyst and [Ru(p-cymene)Clz]2, the organic base NEts with a
relatively higher conversion rate (58%) (Table 2, entry 3) was
chosen as the optimum base. To verify the influence of the base type
on the catalytic effect, a Ru(l1)-free test reaction and an additional
catalyst-free test reaction were also carried out. The first test reaction
was again carried out with a 250/1 substrate/catalyst ratio and 1
mmol base amount, with NaOH, without [Ru(p-cymene)Cl:].. In
the other reaction, this time it was carried out without a catalyst
instead of [Ru(p-cymene)Clz]2. As a result of these reactions, the
reaction without [Ru(p-cymene)Clz]2 had a conversion rate of
(79%) (Table 2, entry 5), while the reaction without a catalyst had
a conversion rate of (97%) (Table 2, entry 6). No enantiomeric
excess was observed in either of these test reactions.

In the continuation of these test reactions, reactions in which
NEts was used as the base, the substrate/catalyst ratio was 250/1
and the base amount was 1 mmol. They were carried out separately
without ruthenium and catalyst. As a result of these test reactions,
while no conversion (Table 2, entry 7) occurred in the reaction
without [Ru(p-cymene)Clz]2, a conversion rate of (44%) (Table 2,
entry 8) was observed in the reaction without a catalyst. This
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conversion rate obtained was less than the conversion rate that
occurred in the presence of the catalyst. In addition to these test
reactions, no conversion (Table 2, entry 9) was observed in the
reaction without both [Ru(p-cymene)Clz]. and base under the same
conditions. Besides these results, no enantiomeric excess was
observed in any of these reactions.

Test reactions were carried out with various
substrate/catalyst ratios (100/1, 500/1 and 1000/1) to determine
the optimum substrate/catalyst ratio at which the best catalytic
activity occurs. The reaction conditions were NEts as base and 1
mmol as base amount, based on the results obtained from previous
test reactions. As a result of these test reactions, the highest
conversion rate (92%) (Table 2, entry 10) occurred at a
substrate/catalyst ratio of 100/1. Following these test reactions, a
reaction was carried out with 0.8 mmol NEts containing less base
amount, taking into account the substrate/catalyst ratio where the
best catalytic activity was exhibited. In addition, a test reaction was
also carried out under the same conditions but without base. As a
result, a lower conversion (90%o) (Table 2, entry 13) occurred in the
test reaction containing less base compared to the test reaction
containing 1 mmol NEts (92%) (Table 2, entry 10). On the other
hand, a very low conversion rate (8%) (Table 2, entry 14) was
observed in the reaction that did not contain any base. Considering
the overall results, no enantiomeric excess was observed in these test
reactions as in the previous reactions, and the optimum reaction
conditions where the heterogeneous catalyst (4) showed the best
catalytic activity occurred at a ratio of 100/1 substrate/catalyst with
1 mmol NEts base.

After determining the optimum reaction conditions, the
catalytic activity of the heterogeneous catalyst (4) was examined in
the asymmetric transfer hydrogenation reactions of various aromatic
ketones (4'-methoxyacetophenone, 4'-methylacetophenone, 4'-
chloroacetophenone and 4'-bromoacetophenone) using the same
general reaction procedures. The results obtained are shown in Table
3. As a result of the test reactions carried out with various ketones,
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the heterogeneous catalyst (4) showed the best catalytic activity
with a conversion rate of (97%0) (Table 3, entry 5) in the reaction of
4'-bromoacetophenone under optimum reaction conditions (1
mmol NEtz and 100/1 substrate/catalyst ratio).

Table 3 - ATH reactions of various aromatic ketones with
heterogenous catalyst (4)!

Q OH [Ru(p-cymene)Cl,],
4
/©)‘\ + )\ 1 mmi)l)NEt3 /©)\ )J\
R
R=H, OCHs, CHa, CI, Br R=H, OCHs, CHs, CI, Br
Entry | Time R Base | mmol | Conversion | %eel? | S/C
(h) (%)™
1 24 H NEt; 1 92 ras. 100/
1
2 24 OCH | NEt3 1 81 ras. 100/
3 1
3 24 CHs; | NEts 1 95 ras. 100/
1
4 24 Cl NEt; 1 94 ras. 100/
1
5 24 Br NEt; 1 97 ras. 100/
1

[a] Reactions were performed in 7 mL of isopropanol with Ru:ligand = 1:2.
Substrate/catalyst ratio was 100/1 for all entries. [b] Determined by GC (HP-
Chiral-20B). [c] The absolute configuration was confirmed by comparing the
retention times of the enantiomers on the GC traces with those reported in the
literature.

CONCLUSIONS

Within the scope of this study, tosylated compound (2) was
synthesized by first reacting commercial substance (1R, 2R)-1,2-
diphenylethane-1,2-diamine with p-TsCl. Based on this substance
compound (1), which was previously synthesized by our group, was
reacted it and compound (3), which contains a silyl group ready for

heterogenization was obtained. Heterogeneous catalyst (4) was
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synthesized by grafting compound (3) onto mesoporous SBA-15.
The structures of compound (3) and heterogeneous catalyst (4)
were successfully characterized and their structures were confirmed.
The catalytic activity of the heterogeneous catalyst (4), which was
successfully grafted with mesoporous SBA-15, in asymmetric
transfer hydrogen reactions of various aromatic ketones was
examined. According to the results obtained from catalytic studies,
it was observed that heterogeneous catalyst (4) catalyzed the
conversion of acetophenone to 4-phenylethanol with a 92%
conversion rate at a 100/1 substrate/catalyst ratio with 1 mmol NEts,
which is the optimum conditions in the asymmetric transfer
hydrogenation reaction of acetophenone. With the results obtained
here, it was observed that heterogeneous catalyst (4) catalyzed the
asymmetric  transfer  hydrogenation reaction  of  4-
bromoacetophenone under similar conditions with a conversion rate
of 97%. Although the tosylation reaction of compound (3), which
is in the structure of heterogeneous catalyst (4), from compound
(2) was carried out in order to increase the enantioselectivity, no
enantiomeric excess was observed in the above-mentioned reactions.
This result can also be thought to be due to the steric hindrances
applied by the pores in the mesoporous structure to the organic
ligand. Considering the advantages of heterogeneous catalysts, our
group continues to work on the development of new heterogeneous
catalysts without loss of chirality.
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CHAPTER V

Some Novel Materials Used as a Sorbent for
Preconcentration and Determination of Heavy Metal
lons

Rukiye SAYGILI CANLIDINC!

Introduction

Heavy metal pollution, especially in terms of food and the
environment, has been among the issues that have attracted
increasing attention for years (Yavuz & et. al., 2016, Tiizen, Elik &
Altunay 2021, Ali & et. al., 2023). Because there are a wide variety
of pollutant sources in the spread of heavy metals to the
environment, air, water and soil all over the world. Mining-
metallurgy activities, agricultural activities, dye industry, fuel
consumption, pesticides, etc. are examples of these resources
(Giimiis & Soylak, 2021). Metals such as lead, copper, cadmium,

1 Assoc. Prof., Kiitahya Dumlupinar University
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iron, chromium, cobalt, mercury and nickel can be given as
examples of metals released from these sources (Elsayed, Alatawi &
Monier 2020, Ozdemir & et. al., 2021). Heavy metal pollution is
extremely important as these metals reach the food chain from these
sources and thus to human health. These metals, which are exposed
directly or indirectly through food, air, water and soil, tend to
accumulate in the body over time and have toxic effects (Domingo
& et. al., 2020, Yilmaz & et. al., 2023, Ullah & Tiizen, 2022).

So, determination of these metals from different matrices are
very important but difficult because of their low concentrations
(Mendil & et. al., 2019). Several techniques such as, flame atomic
absorption spectrometry (FAAS) (Kazantzi & et. al., 2019, Soylak
& et. al., 2024), graphite furnace atomic absorption spectrometry
(GFAAS), inductively coupled plasma optical emission
spectrometry (ICP-OES) (Yamini & Safari, 2018) and inductive
coupled plasma mass spectrometry (ICP-MS) (Aydin & et. al., 2020)
are used to determine these metal ions. Because sample media are
complex matrices, a sample separation step is needed beforehand.
Therefore, a sample pretreatment step is crucial in the analytical
process (Faraji, Yamini, & Gholami, 2019). For this purpose,
different separation techniques are used. The most common methods
for preconcentration are such as solid phase extraction (SPE)
(Ozdemir, Yalgin & Kiling, 2021), solid phase micro-extraction
(SPME) (Mei & et. al., 2019, Khan Arain & Soylak, 2020), liquid-
liquid extraction (LLE) (Mahandra, Singh & Gupta, 2017,
Lukomska & et. al., 2020), dispersive liquid-liquid micro-extraction
(DLLE) (Sorouraddin, Farajzadeh & Dastoori, 2020, Hong & et. al.,
2022) because of easy, fast, economical and eco-friendly. SPE is one
of the most used separation technique for decades, because it has a
simple preparation technique and some important advantages such
as reusability, automation, low organic solvent consumption and
high extraction capacity. But for the extraction procedure, the most
important step is the selection of the sorbent. For this purpose,
several materials, are considered as sorbents (Azzouz & et. al.,
2018), but the majority of such materials are limited by low
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efficiency and low reusability. Thus, seeking more economic and
efficient sorbents to eliminate heavy metals. New sorbent materials
have been prepared to increase the performance of solid-phase
sorption-based extraction techniques and satisfy the requirements of
highly sensitive and highly selective green analytical chemistry (Su
& et. al., 2016).

In recent years, some reported sorbents are graphene oxide
(Soylak & et. al., 2017) imprinted polymers, (Wan & et. al. 2021,
Saygili Canliding, Turan & Kalfa, 2022) activated carbon (Turan,
Saygili Canliding & Kalfa, 2022), carbon nanotube (Turan, Saygili
Canhding & Kalfa, 2018, Duman, Erbas & Soylak, 2020),
biosorbents (Saygili Canliding, 2022), zeolite (Yazani & et. al.,
2019), resins (Iwase & et. al., 2023), DESs-based sorbent material
(Jagirani & Soylak, 2022), magnetic sorbents (Montoro-Leal & et.
al., 2020, Sajid, Nazal & Ihsanullah, 2021) and metal organic
frameworks (MOFs) (Li & et. al., 2020).

Graphene Oxide

Graphene oxide is the oxidized form of graphene that is
easily made using Hummer's method from natural graphite powder
after reacting with an anhydrous mixture of potassium
permanganate, sodium nitrate, and sulfuric acid. Graphene (G) and
graphene oxide (GO) have garnered significant attention in recent
times as sorbent materials for solid phase extraction. due to their
distinctive mechanical and thermal characteristics, which include
their large surface area, chemical stability, and high adsorption
capacity. Two-dimensional, one-atom-thick layers of sp? connected
carbon make up graphene oxide. Rich functional groups found in
GO, such as hydroxyl, carboxyl and epoxy groups, facilitate strong
n-n stacking, hydrophobic contact, and hydrogen bonding between
the sorbent and metal ions. Thus, GO has been successfully used in
analytical chemistry to prepare a wide range of samples, including
biological, food and environmental matrices (Saygili Canliding & et.
al., 2017; Manousi & et. al., 2020).
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Biosorbents

In solid phase extraction method, different sorbent materials
have already been evaluated for the preconcentration of heavy metal
ions. New reports focus on agricultural waste materials because they
have been recognized as low-cost, renewable, biodegradable and
eco-friendly biosorbents with significant adsorption capacity for
heavy metal ions. Therefore, they are potential low-cost sorbents
such as clay, natural zeolites, chitosan, walnut shell, rice husk,
leaves, peels of fruits and vegetables, seeds and so on. They rich
source of lignocellulosic material, lignin, cellulose, hemicellulose,
pectin, proteins, flavonoids, terpenoids and other secondary
metabolites having polyhydroxyl, carboxyl, amine, and aldehydes,
functionalities with high affinity for metal ions (Ozkalkan & Saygili
Canliding, 2021; Saygili Canliding, 2022).

The compact lattice structure of cellulose and hemicelluloses
in lignocellulosic materials restricts the amount of free hydroxyl
groups that can bind with heavy metal ions. They have a very low
adsorption capacity as a result. As a result, their ability to adsorb
heavy metal ions has been demonstrated to be low. It is common
practice to employ a number of modification treatments to address
these drawbacks. These agricultural waste products have an easy
functionalization process, which makes them a good choice for
heavy metal adsorption. Evaluation of these sorbents made from
agricultural waste is also crucial. Because using agricultural waste
as a biosorbent offers a sustainable way to manage and make use of
the ever-increasing amount of waste produced by home cooking,
industrial food processing, and agricultural operations (Garg & et.
al., 2023).

Metal Organic Frameworks

Novel functional materials known as metal organic
frameworks (MOFs) are made up of different transition metal ions
that bind to a wide range of organic ligands (Ma & et. al., 2018).
MOFs possess many of the superior qualities of both organic
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complexes and inorganic porous materials, including a large specific
surface area, extremely high porosity, adjustable polarity, adjustable
pore size, and simple functionalization. The use of MOFs in solid
phase extraction makes sense in light of these benefits (Ma & et. al.,
2016). Thus, these nanoparticles are employed in various samples as
sorbents for the preconcentration of analytes. Nevertheless, MOFs
are limited to use with water and some other liquid samples because
many of their nanomaterials are not stable in liquid environments. In
an effort to get around this, a large body of research on magnetic
MOFs for use as sorbents in SPE has quickly spread (Glimiis &
Soylak, 2021).

Conclusion

Determination of trace heavy metal concentrations in
environmental and biological samples is becoming increasingly
important in pollution monitoring studies. Despite the increased
sensitivity and selectivity of modern instrumental analyzes such as
FAAS, ICP-MS, ICP-OES and GFAAS, there are many difficulties
in the analysis of trace heavy metals due to both their low levels in
samples and the very complexity of sample matrices. Therefore, a
preconcentration/separation step IS usually required.
Preconcentration is needed at trace levels in analytical procedures,
mainly when the complex environmental sample analysis. The most
important goal of the sample preparation step is to separate and
concentrate the analyte of interest and convert the analyte into an
instrument-friendly environment for final analytical measurement.
Here one of the most important step is selection of the sorbent
material. The sorbent to be selected is expected to have some
features such as being economical, reusable and high adsorption
capacity. Several sorbent materials are used for this purpose.
Recently some materials are considered as most used sorbents,
because of some of are economical, reusability and large adsorption
capacity. Especially, several biosorbents, nanomaterials such as GO,
magnetic materials and MOFs have attracted increasing attention as
new sorbents in analytical chemistry in recent years.
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CHAPTER VI

Electrochemical biosensors, types, applications and
future aspects

Elif Esra ALTUNER?
Fatih SEN2

Introduction

All living things have to adapt to nature and the living
conditions it brings to continue their lives. Otherwise, living things
cannot continue and lose their vitality as a result of natural selection.
The adaptation of living things to the differences and conditions
brought by nature creates the so-called in vitro state of sensors [1].
This means that living things increase their sensitivity by developing
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sensitivity to the conditions of nature. For example; Butterflies'
discovery of pheromones secreted by their partners, eels' perception
of foreign substances in the form of droplets in water with a weight
of hundreds of thousands, dogs' sense of smell are one hundred
thousand times ahead of humans [1], [2]. The sensitivity
development of living things explains the basic functioning of
Sensors.

Sensors are systematically classified as active sensors and
passive sensors [3]-[5]. Active sensors are natural sensors that
produce their own energy. Active sensors include millimeter wave
radar, synthetic array radar (SAR and inverse SAR), and imaging
radars such as microwave radars. Passive sensor systems rely on
natural or man-made radiation from the target for detection. The
passive sensor encompasses the acoustic sensor, the thermal sensor
(electro-optical system such as infrared search and monitoring or
forward-looking infrared sensor) and electronic support measure
(ESM). Passive sensors are; It is a man-made sensor system that
cannot produce its own energy. For example, electronic and
electrochemical sensors, thermal sensors, optical sensors, etc. are in
this group [5]. It is an important factor to get a continuous result in
sensors [6]. One of the important advantages of the sensors is that
the tip of the sensors is simple, practical, economical and fast [5],
[6], [7]. There are various types of sensors in terms of structure.
These species are; biosensors , chemical sensors [8], colorimetric
sensors [8], [9], fluorimetric [10] and optical sensors [11],
aptasensors [6], [12], [13], microbial sensors [14], [15] and
electronic and electrochemical sensors [6], [16]. Electrochemical
sensors are faster sample-response time, more intense sensitivity and
more practical than normal sensors [17] [18]. For this reason,
researchers tend to focus more on electrochemical sensors in sensor
studies [6], [18].

Electrochemical sensors are sensors that work with electrical
energy and receive a permanent signal result through electricity. It is
intended for the diagnosis of various chemical analytes with
electrical energy [18]. Electrochemical sensors are an important
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method of choice for environmental monitoring, traffic and medical
monitoring, and control in metabolic research [19]. According to the
data in the literature, this type of sensor works in different
temperature matrices (usually from -30 to 1600 °C) according to the
structure and type of electrolytes used [20]-[22]. If there is an
aqueous solution in electrochemical sensors, this temperature can go
up to 140 °C [23], [24]. Electrochemical sensors are divided into
types within themselves as amperometric, potentiometric or
impedimetric [25]. It is important to pay attention to temperature,
pressure, chemical environment and external factors, as all sensors
are generally affected by measurement conditions. Electrochemical
sensors generally operate at low temperatures [26], [27].

In this review, the structure of electrochemical sensors and
their working systems are explained in detail with reference to the
relevant places. At the same time, the future place of electrochemical
sensors, the perspective from the past to the present, what kind of
future studies will be supported and the application areas of
electrochemical sensors are explained.

1.Electrochemical sensors and types

Electrochemical sensors are miniaturized devices that
selectively and reversibly respond to chemical compounds or ions
and generate concentration-dependent electrical signals. It contains
the largest group of chemical sensors in terms of diversity [28], [29].
The electrochemical sensor converts the data received with electrical
energy into digital data with a transducer tool. These data are then
permanently converted into signals and recorded in the detector [29].
Figure 1 shows the working mechanism of an electrochemical
Sensor.

--81--



Transducer

b

| —p—l—L]

P i " Signal Display
Processing

Receptors

Figure 1. The illustration structure of one electrochemical sensor
[29].

“Reprinted (adapted) with permission from [29] Copyright (2023) MDPI—

Chemosensors”

If a receptor (eg DNA, antibodies and enzymes) is of
biological origin, this device is called a biosensor. The analyte binds
to the receptor to convert the recognition [30], [31]. Maintaining a
high level of specificity for the target analyte in the presence of
chemical species that might interfere is the major need for sensors.
This is essential to prevent undesirable positive outcomes. Another
crucial component of the sensors is the transducer, which transforms
the signal produced by the interaction of the receptor and the analyte
into a value that can be read [32]. As a result, catalytic or affinity-
based sensors can be used as both chemical and biological sensors.
In the case of enzymatic, DNAzyme, or functionalized surfaces that
may execute redox reactions under specific circumstances, catalytic
sensors employ catalytic activity to create signals [33], [34].
Analyte-receptor interactions that are extremely specific, such as
those involving nucleic acids (such as ssDNA and aptamers),
antibodies and antigens, or host-guest interactions, are the
foundation of affinity-based devices. Optical, gravimetric, or
electrochemical techniques can be employed to monitor
identification event, depending on the type of transducer utilized
[35], [36].
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2.Types of electrochemical sensors

Sensors of electrochemical applications can be divided into
many derivatives such as potentiometric, impedimetric,
amperometric, photoelectrochemical, and chemiluminescence, etc.
according to their application areas. In the operation mechanism of
potentiometric sensors, if there is no current at the interface in the
interaction of the sensor and analyte, a Nernstian equilibrium occurs.
In amperometric sensors, the voltage between the electrodes is
provided to initiate electrochemical reduction or oxidation according
to the analyte concentration accordin to cottrell equilibrium (Eq.1)
[29].

i =nFAc\D;/ it (Eq.1) [29]

where:

i = Current (ampere unit);

n = Electrons’ number;

F = Faraday constant (96,485 C/mol);

A = Area of the (planar) electrode in cm?;

c% = Initial concentration of the reducible analyte
{\displaystyle j}in mol/cm?;

D;j = Diffusion coefficient for species {\displaystyle j}in cm?/s;

t = Seconds.

2.1.Potentiometric sensors

Potentiometric sensors are an electrochemical analytical
technique based on ion-selective electrodes. It is found in almost
every laboratory because it is practical, inexpensive and simple [37],
[38]. Analyzing the ion content in real (and synthetic) samples can
easily interpret electromotive force (EMF) signals versus time under
near-zero current conditions [39]. The conversion of an ion exchange
event into a voltage signal provides in-depth information on ISE
[40]. The electrode is designed to detect any perturbation occurring
in the local equilibrium created at the interface between the ion
selective membrane (ISM) and the sample solution [41]. This allows
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for a sufficiently large perturbation. Consequently, the membrane
potential is affected by a change in the activity of the primary ion in
the bulk sample solution [41]-[44]. As shown in Figure 2a, the
electromagnetic current (EMF) of the electrochemical cell is due to
the difference between this potential and that provided by the
reference electrode. However, the concentration dependence of the
potentiometric signal on the activity of the primary ion is defined
using the Nernst equation. Also, a logarithmic activity plot of ISE
(aqueous) versus EMF used to determine unknown ion
concentrations in (aqueous) samples is self-contained (Fig. 2b) [44].

a) b)

WE RE

EMF

2.303 RT
EMF = E° + log (a;)
ziF

log 3,

c) WEARABLE POTENTIOMETRIC ION SENSORS

Figure 2. (a) Illustration of a general electrochemical cell, with a
potentiometric electrode (also known as a working electrode, WE,
or indicator electrode) comprising an ion-selective membrane

--84--



(drawn in orange) and a reference electrode (RE). The potential
shown by WE depends on the concentration of the ion analyte in
the bulk solution. In this case, I*, represented as a cation, is the
potential constant provided by RE. Electromotive force (EMF), ion
selective electrode (ISE). (b) Typical traces of the dynamic
potential response of the ISE for increasing ion analyte (in this
case cation) concentrations, with the corresponding calibration
plot (potential vs. logarithmic activity). Additional equation:
Nernst equation, Eo is the standard potential of the cell, T is the
temperature, R is the gas constant, zi is the charge of the analyte
and F is the Faraday constant. For the calibration curve, Eg
corresponds to the intersection and 2.303 RTziF to the slope. (c)
Interaction of target ion (in this case Na*) with sweat [45].
“Reprinted (adapted) with permission from [45] Copyright (2023) MDPI-
Sensors”

2.2.Conductometric sensors

Conductometric biosensors consisting of micro-electrodes
are capacitors. In conductometric biosensors, the measurement is
based on the change in conductivity of the immobilized film with the
binding of the analyte to the selective agent. A current proportional
to the analyte concentration is generated as the conductivity of the
immobilized film changes [46]. Conductometric sensors are
generally bipolar [47]. It is available with different equivalent circuit
systems in different combinations [48]. This situation is shown in
Figure 3. As seen in Figure 3, the samples interact with the selective
layer arranged in a lateral configuration. Some types of
conductometric sensors are short-circuited. This is because
chemicals are found in gas or non-conductive liquids, which are the
application area of resistors [48], [49]. For this reason, excitation
signals also stimulate while measuring in conductometric sensors
[48].
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Figure 3. General chemiresistors and the circuits that correspond
to any one of the five resistances can be regulated by chemical
contact in (a) lateral configuration; (b) impedimetric
chemiresistor, where capacitance CB is chemically manipulated
[47].

“Reprinted (adapted) with permission from [47] Copyright (2023)

Springer— Princ. Chem. Sensors”

2.3.Amperometric sensors

The applied voltage acts as a driving factor for
electrocatalytic redox processes, which generate electric currents
proportional to the analyte's concentration [50]. Amperometric
measurements are a very accurate and precise analytical technique.
For fundamental instrumentation, a regulated potential system is
needed, and an electrochemical cell is formed by two electrodes
submerged in an electrolyte with the appropriate composition [51].
A three-electrode cell using one electrode as the reference electrode
is a more complex and more common method [51]. However, a
reference electrode (such as gold/gold chloride or Hg/Hg.Cl>) is one
that maintains a constant potential compared to a working electrode
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[52]. The electrode where the desired reaction takes place is referred
to as a working electrode. As an additional electrode, inert
conductive materials (such platinum or graphite) are frequently
utilized [50]. A supporting electrolyte is required in controlled
potential investigations to avoid electromigration effects, reduce the
solution’s resistance, and maintain a steady ionic strength. In-depth
descriptions of theoretical issues and practical strategies are
provided.
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Figure 4. A illustration showing how an amperometric biosensor
mechanisms [53].
“Reprinted (adapted) with permission from [53] Copyright (2023) MDPI
— Sensors”

Using amperometric biosensors, typically the analyte is
involved in or followed in a redox reaction by measuring the current
in an electrochemical cell. At an electrode, the oxidation state is
changed by the analyte or related species through a biochemical
reaction. The electron flow is followed in proportion to the amount
of electrochemically converted species at the electrode [53]. The
working principles of an amperometric biosensor are shown in
Figure 4.

3.Applications of electrochemical sensors

For the examination of biological, environmental, industrial,
and pharmaceutical species, electrochemical sensors have long been
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preferred [29]. This is because of their long-term reliability, high
sensitivity and accuracy, speed, and ease of downsizing. For over
two decades, numerous nanomaterials with outstanding properties
have been wused to improve analytical performance in
electrochemical analysis, such as conductive polymers, , metal
oxides, metals, and carbon-based and metal-organic nanomaterial
frameworks [29], [54], [55]. This modification increases the
specificity of electrochemical sensors while enabling the use of bio-
inspired receptors as well as recognition molecules such as aptamers,
antibodies, and enzymes. This aims to provide high electrocatalytic
activity for certain electrochemical processes [29], [56]. The
sensitivity of these tests can be increased by changing the surface
shape and structure, increasing the electrical conductivity and
surface area. Due to recent developments in single molecule
detection, in vivo analysis, wearable technology, and point-of-care
diagnostics, electrochemical sensors have been more widely used
[56]. Electrochemical sensors have high sensitivity providing low
limit of detections (LODs) and limit of quantifications (LOQs) ideal
for flow analysis and warning systems due to their fast analytical
response; their simplicity allows for an almost unlimited number of
geometries, materials and configurations; and ease of use is an
important advantage. As an added advantage, electrochemical
biosensors are fast data acquisition, rapid detection of the substrate,
high sensitivity, high specificity, and economy [29]. Biosensors
consist of three main components: (i) biocomponent or biological
detection systems (ii) transducers and (iii) signal processing systems
[57]-[60]. Examples of biocomponents are DNA or RNA probes,
cells, antibodies, binding molecules, and organelles. Transducers, on
the other hand, are devices that convert the data obtained as a result
of the interaction of the analyte with biocomponents into electrical
signals [29]. The signal processing system is a detector and is the
device that converts them into readable form [29], [61].
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3.1.Electrochemical sensors for biomolecules

They are detected by biological or physiological
electrochemical sensors to measure the biological activity of small
size biomolecules such as hormones, enzymes or nucleic acids,
catalyze cellular processes and transfer genetic information [60],
[62]. Although it is difficult technology to create a sensing
technology for biomolecules, biomolecular methods such as polymer
chain reaction (PCR) and gel electrophoresis have been invented.
However, despite their certainty, they have disadvantages such as
large reagent requirements and laboriousness or long-term
requirements [63], [64]. For this reason, the method of determining
biomarkers by electrochemical sensors has been used. Figure of
Altuner et al as seen in Fig. 5, an electrochemical aptasensor has
been developed for the detection of 3.3 5.5 tetramethyl benzidine
(TMB) molecules [6]. According to Figure 5, the TMB molecule is
trapped in porous mesoporous nanoparticles, and its fixation is
ensured by leaving the pores using agents that mimic enzymatic
systems and ions such as phosphate.
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Figure 5. TMB biyomokiiliiniin tespitine yonelik gelistirilen bir
elektrokimyasal aptamer bazli sensér sistemi [6].
“Reprinted (adapted) with permission from [6] Copyright (2023)

,Elsevier— Chemosphere ”’
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3.2.Enzyme-based electrochemical sensor applications

Living organisms are organic catalytic molecules that
makeup enzymes. They can accelerate biological processes by
reducing the activation energy and enable substrates to be converted
into products at least ten million times faster in cellular metabolism
[65]. Substrate conversion via enzymes is highly specific. While
some enzymes are selective for a single substrate, others might have
an impact on a number of substrates that have structural similarities.
An enzyme-catalyzed reaction can only start once the enzyme and
its substrate have formed a complex. The procedures they catalyze
do not alter or recycle enzymes. The enzyme also starts forward or
backward motion[29], [65]. Enzymatic activity monitoring is very
popular. Numerous analytical techniques such as mass spectrometry
[66], electrochemical techniques [6], Raman spectroscopy [67] and
spectrophotometry have been used to determine enzyme activity.
Electrochemical procedures are cheaper and faster than other
analytical techniques that may require better pretreatment, filtration
and a skilled operator [68]. Enzymatic sensors that allow an enzyme
to be immobilized on an electrode are then used to measure the
concentration of the matched substrate. The technique of
immobilization and the mediator used are the two factors that
primarily distinguish enzyme-based biosensors [69].

3.3.Electrochemical (bio)sensors for health applications

The prevalence of diabetes and the use of biosensors by
diabetics contribute significantly to business profitability worldwide
[29]. Diagnosing diabetes preventively and quickly is becoming
more popular. The development of biosensors has made it possible
to determine blood sugar over a wide temperature range of various
interfering substances. The detection of glucose by zinc-oxide (ZnO)
nanorods is an inexpensive, safe, accurate, fast, and safe method
[29], [70]. Due to increasing sensitivity and accuracy within a one-
minute sample volume, as well as the widespread usage of
biosensors in the field of diabetes, a significant market demand is
anticipated in the next years. Due to their tremendous capacity for
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monitoring, treatment, diagnosis, well-being, and well-being,
portable electronic gadgets are an essential part of the whole health
system [71], [72]. Users will strengthen preventative measures and
obtain a better understanding of their wellbeing by integrating
accessible treatment technology in hospitals and urgent care
facilities [29]. The market is leading to increased use of biosensors
in technological advances and various applications (Figure 6) [73].
Wearable biosensors have made people's lives easier.
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Figure 6. The health areas of electrochemical biosensors [29].
“Reprinted (adapted) with permission from [29] Copyright (2023) MDPI-
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3.4.Electrochemical sensors for enviromental areas

Due to stricter environmental controls, demand for more
advanced chemical sensors for chemical pollutant emissions and
discharges is increasing [74]. Electrochemical sensors show great
promise for this task. The effect of surface adsorption of impurities
is the most serious problem causing a non-repeatable response [35],
[75].

Three main areas of development in technology attempting
to improve the performance of these devices are discussed: advances
in sensor design and measurement techniques, techniques to achieve
new electrode selectivity, and the use of micro miniaturization and
microelectronic fabrication techniques [74]. Recent applications for
the measurement of toxic metals, organics, and gases, including
volatile organic compounds (figure 7), are an important step today
and will lead to more serious environmental problems in the future.
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Figure 7. Electrochemical sensor applications for enviromental
areas [76]

“Reprinted (adapted) with permission from [76] Copyright (2023) MDPI-
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3.5.Anatlytical applications of electrochemical sensors

Electrochemical approaches have been demonstrated to offer
higher benefits over other analytical techniques due to their mobility
and inexpensive cost. The majority of large businesses have accepted
this form of analytical equipment due to its swift and concentrated
evaluation. Electroanalytical sensors are anticipated to be the next
generation of analytical systems because of their adaptability and
simplicity [29]. Therefore, many scientists and researchers have
been concentrating on the invention and manufacture of
electroanalytical sensors with high selectivity and sensitivity for a
variety of chemicals, including drugs, food, and environmental
toxins. Karimi-Maleh et al. [77] recently reviewed the mechanism
and several electroanalytical applications of DNA, enzymatic, and
electrocatalytic approaches.

3.6.Electrochemical sensors for nanotechnology

Nanotechnology has made significant progress in the sensor
sector during the past several years [1]. It is believed that the use of
such technologies and the use of nanoscale materials improve sensor
performance [6]. Numerous unusual and fascinating physical and
chemical properties offered by nanomaterials have been found [1,6].
Low-dimensional nanometer-sized materials and systems have
opened up a brand-new area of research in condensed-matter physics
in recent years [78]. There are many more types of materials that can
be utilized to make nanosensors in addition to the ones described
above [29]. Due to its many applications, carbon is regarded as a
unique element. Carbon is an intriguing element that can be found in
many different materials, such as graphite, diamond, fullerenes, and
graphene [79]. Previous studies have covered some of the most
important and recent developments made possible by the use of
carbon-based nanostructures in nanotechnology for the development
of chemical and biological sensors as well as their use in the
pharmaceutical and medicinal industries [29]. Nanocomposites are
employed to improve the sensitivity, selectivity, and repeatability in
the majority of reported biosensors. Nanocomposites are solid
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materials made up of several phase domains, at least one of which
possesses nanoscale characteristics. Interest has grown recently as a
result of the unique and interesting characteristics of nanocomposites
[29], [79]. Nanocomposites have a high surface-to-volume ratio,
reactive capacity, biocompatibility, and high adsorption, which are
all advantageous in the production of sensors. Biomolecule
immobilization, biomolecule labeling, and an increase in electron
transfer rate are all facilitated by nanocomposites. The most popular
nanocomposites used to modify the electrode surface include
conducting polymers, nanofibers, graphene, carbon nanotubes
(CNTs), metal-organic frameworks (MOFs), and nanoparticles
(Nps). MOFs can be employed as electrocatalysts for CO2 reduction
reactions (CO2RR) because of their equally distributed metal centers
[29]. The basic design of an electrochemical sensor based on carbon
nanomaterials for identifying metabolic illness indicators is shown
in Figure 6.
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Figure 8. An electrochemical biosensor based on nanoparticles is
depicted in this schematic illustration [29].

“Reprinted (adapted) with permission from [29] Copyright (2023)
MDPI- Sensors”
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4.Future prospects

A potential field of study is electrochemical sensor
technology [29]. Selection continues to be at the heart of the majority
of the issues in this field, and that must be acknowledged. However,
when direct detection in undamaged samples is possible,
electrochemical sensors' rapid analytical speed and ability to detect
incredibly minute quantities without appreciably affecting the
sample remain extremely desired properties [80].

Future biosensor techniques could result in the development
of a cell-friendly analyte for point-of-care and precise medical
diagnostics. Research into biology has substantially improved thanks
to the introduction of electrochemical sensors [81], [82]. Additional
advantages include sensitivity, selectivity, and processing speed, all
of which will assist upcoming industries. As a result, advanced large-
scale systems for disease diagnosis and monitoring may employ
quick, non-destructive, and scalable electrochemical sensors. The
use of arrays to monitor a wide range of organic and inorganic
pollutants, the creation of diverse biological identification materials,
microelectronic industrial breakthroughs, and micro- and disposable
sensors are only a few examples of recent developments in this field.
For monitoring a range of pollutants, flow-injection systems and
online systems have also been developed. Nanomaterials research
has recently made improvements that have improved sensor
functionality. Building multianalyte detection systems with sensor
arrays might be helpful for managing pollution as well as for
therapeutic and diagnostic monitoring [29].

5.Conclusion

In this review article, after the electrochemical sensors are
described in detail, the types, application areas and future role of
electrochemical sensors are mentioned with references to the
relevant places. Electrochemical sensors are sensors that work with
electrical energy and receive a permanent signal result through
electricity. It is intended for the diagnosis of various chemical
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analyzes with electrical energy. Among electrochemical sensors,
amperometric, potentiometric and conductometric sensors are the
most known sensor types. Amperometric measurements are an
analytical method with high accuracy and precision; the applied
voltage acts as a driving force for electrocatalytic redox reactions
that produce electric currents proportional to the concentration of the
analyte. Potentiometric sensors are an electrochemical analytical
technique based on ion-selective electrodes. Conductometric
biosensors consisting of micro-electrodes are capacitors. In
conductometric biosensors, the measurement is based on the change
in conductivity of the immobilized film with the binding of the
analyte to the selective agent. A current proportional to the analyte
concentration is generated as the conductivity of the immobilized
film changes. All sensor types have found the opportunity to work
in many scientific departments due to their fast, practical, cheap and
easy portability. The most widely applied applications are in the field
of health and environment, nanotechnological studies, detection of
biomolecules, analytical kits and enzymatic sensor studies. While
sensor studies for the transfer of DNA and RNA, hormones, nucleic
acids and genetic information are applied in the detection of
biomolecules, sensor studies on enzymes are applied in enzymatic
studies. Electrochemical sensors are used in environmental areas for
the detection of toxic metals, organics, and gases, including volatile
organic compounds, while in the health field, electrochemical
sensors are used in applications such as the diagnosis of phenotypic
diseases such as cancer, the diagnosis of pests in the body, DNA and
RNA diagnostics, etc. Therefore, as technology develops and
scientific studies increase, the application area of sensors will
increase even more in the future
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CHAPTER VII

Hydrogen Production from Solar Water Splitting
Using Photocatalytic and Photoelectrochemical
Technologies

Fatih ARLI?
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Introduction

Global energy consumption is increasing daily, producing
environmental issues caused by overusing fossil fuels.
Approximately 80% of today's energy demands are provided by
fossil fuels (Hassan et al., 2023; Ishaq et al., 2022; Razi & Dincer,
2022). The utilization of fossil fuels causes the release of greenhouse
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gases, especially carbon dioxide, into the atmosphere and climate
change. Moreover, using these non-renewable energy resources also
causes air and water pollution. The world's demand for energy is
expected to increase and double by 2050 and triple by the end of the
21st century (Falciani & Chiavazzo, 2023). To restrict global
warming to 1.5 degrees Celsius, carbon neutrality becomes
mandatory by the middle of the 21st century. The need for clean and
renewable energy resources must be urgently solved without wasting
more time. Solar energy is an abundant and environmentally friendly
resource. Therefore, among all renewable energy sources
(geothermal, marine, wind, biomass, etc.), it plays a crucial role in
alleviating the energy crisis and reducing environmental concerns
(Chi et al., 2022; Dharmarajan et al., 2023; Oh et al., 2018).
Hydrogen is considered a pivotal energy system for the future,
serving as a clean, renewable energy storage and carrier. Therefore,
converting solar energy into a usable and storable form such as
hydrogen has become a highly desirable goal not only from an
economic point of view but also from an environmental point of view
(Akyiiz et al., 2020; Kabir et al., 2018). Three primary technologies
are often used in the industrial generation of hydrogen: water
electrolysis, coal gasification, and steam methane reforming (Figure
1). However, as can be seen from the figure given, current hydrogen
production is still based on fossil fuels. This highlights the need to
focus more on sustainable energy sources and green methods of
hydrogen production, given the fact that fossil fuels are a limited and
non-renewable resource (Akyiiz et al., 2019; Kabir et al., 2018).
Water electrolysis holds great promise among these hydrogen
production methods, as water is considered renewable. However,
although water electrolysis is a crucial technique in hydrogen
generation technology, it has high costs when considered from a
practical perspective.
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Figure 1. Fundamental energy sources, materials, and routes for
hydrogen production (M. Ji & Wang, 2021).

Solar energy may generally be converted or stored in
chemical bonds by water splitting (WS) based on photocatalytic
(PC) or photoelectrochemical (PEC) technologies. After the 1972
study on PC WS methods by Fujishima and Honda, research on the
topic increased considerably (S. Chen et al., 2020; X. Zhang et al.,
2010). PC and PEC WS using solar energy has been considered an
exciting solution in recent years to solve the limitations of water
electrolysis mentioned above. Figure 2 (A and B) shows the
publication numbers of studies reported in PC and PEC WS between
the years (2014-2023 October included).
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Figure 2. Number of publications on PC and PEC WS technologies

reported by Web of Science in November 2023: (A) PC and (B)

This chapter will discuss PC and PEC WS technologies in
detail. The basic concepts used in both PC and PEC WS
technologies, their similarities and differences, which calculations
are used, and the research carried out by these technologies in the
last three years are reported in detail. In the conclusion section,
inferences, and information about what needs to be done in the future
are given.

PEC WS.
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Solar powered water section (PC and PEC WS)

Solar WS is a system that converts solar energy into chemical
energy based on the photosynthesis of green plants (Qi et al., 2018).
From a thermodynamic perspective, the overall WS reaction is an
uphill reaction requiring a minimum Gibbs free energy (GE) of AG®
= + 237 kJ/mol. According to the Nernst equation, this value
corresponds to AE? = 1.23 V. This is explained as the
semiconductor's (SC) capability to absorb light with photon energy
greater than 1.23eV (A~1000 nm and shorter) to initiate the WS
reaction (Maeda, 2011; Pattanayak et al., 2022; X. Zhang & Jiang,
2022). Equation (1) represents the general WS process.

2H,0 - 2H, + 0, 1)

Oxidation and reduction reactions in an acidic electrolyte can be
written as in equations (2) and (3):

2H,0 + 4h* =2 0, + 4H* EY, = —1.299 V vs NHE (2)
2H* +4e~ = H, EC.4 = +0.000 Vvs NHE 3)
For an alkaline electrode, oxidation and reduction reactions can be
written as in equations (4) and (5):

40H™ + 4h* = 2H,0+ 0, ES = —0.401V vs NHE (4)
4H,0 + 4e~ = 2H, + 40H~ E24 = —0.828 Vvs NHE (5)

Basic principles of PC WS

The PC WS system converts water into hydrogen and oxygen
using semiconductor catalysts to produce environmentally friendly
and sustainable hydrogen fuel. This process aims to obtain an
environmentally friendly, clean, and renewable energy source by
converting water into hydrogen and oxygen using solar energy
(Ahmad et al., 2015; Wu et al., 2020). At the same time, PC WS is
considered artificial ~ photosynthesis, like  solar-powered
photosynthesis in green plants (Fajrina & Tahir, 2019; Shi et al.,
2014). The PC WS process triggered by light can be created by a
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facile technology using semiconductor materials as photocatalysts.
During this process, light energy is converted into chemical energy.
Simultaneously, the WS reaction is accelerated to produce GE
(Fajrina & Tahir, 2019). PC WS is schematically reported in the
literature, as displayed in Figure 3 (A and B) (Song et al., 2022; Y.
Y. Wang et al., 2022).

1 Gb
HY/H, ¥ SHY
... 6).
OV)-6 H,

hv H,0

Band gap (E,)

(pH0)

H,0

e 1, 4+1/20,
Photocastalyst -

Figure 3. The mechanism of PC WS ; (A) semiconductor
photocatalyst (B) one-step excitation (Y. Y. Wang et al., 2022).

In the first step of PC WS technology, the photon with the
desired energy, hv, hits the surface of the photocatalytic
semiconductor and is absorbed by it.. Then, the electrons in the
semiconductor migrate from the occupied valence band (Evs) to the
empty conduction band (Ecg). As a result, electrons (e”) and holes
(h*) are generated. An example reaction is shown in equation (6).

Semiconductor + hv — e(¢p) + h{yp) (6)
In the second step, electrons and holes excited by the photon
begin to circulate freely on the surface of the semiconductor and

gather in the active regions on the surface. Finally, the successfully
separated electrons and holes react with protons (H*) to produce
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Hydrogen gas (H2) and with water (H.O) to produce Oxygen gas
(O2), respectively.

The reactions during PC WS are also given in equations (7-9)
(Gupta, 2017; Y. Y. Wang et al., 2022).

Reduction: 2H* + 2e~ - H, (M
Oxidation: H,0 + h* — 2H* + -0, 8)
Overall reaction: H,0 — H, + %02 9)

Basic principles of PEC WS

PEC WS has become an environmentally friendly and
promising technology to convert solar energy into hydrogen fuel
compared with traditional and other advanced techniques (Ayodhya,
2023; Chi et al.,, 2022; Tijent et al., 2023). A primary PEC
mechanism is shown in Figure 4. This mechanism contains a
container filled with an aqueous electrolyte and two electrodes.

(X
Photoanode:
O, Mol 2hv > 28+ 20
A &y
H,0 | oumcus Z2H'  2h° + H;Opiquiy = %4020 + 2H
b
oba:do'w” e:‘:& Cathode: 2H + 2 & 2 Hyw

Figure 4. Schematic of PEC WS (Abouelela et al., 2021).

One or both electrodes are sensitive to light and are called
photoactive. The aqueous electrolyte container has a transparent or
optical window to allow light to reach the photoelectrode (PE) or
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photoactive electrode. PEC WS occurs when energy requirements
are met, as shown in Table 1 (Minggu et al., 2010).

Table 1. PEC WS requirements (Minggu et al., 2010).

PEC water splitting Hy0 iquiay T2 — Y2 O,(gas) +Hj gy

Minimum potential required  E9 (25 °C),;, = 1.229 eV

Practical potential E%50 (25 OC)pree=1229 eV
(+ overpotential & losses) Eyandezp > E%m20

For efficient utilization UV> hv (Vis) > IR

of sunlight hv = Epanggap

Band edge requirement Changedge < EChom+

o
Viandedee “E 021120

Figure 5 (A-E) shows the PC and PEC WS energy diagrams.

When a semiconductor is exposed to light, the following steps take
place;

>

>

>

Electrons in the Evs are excited to the Ecg when they absorb
photons with energies higher than the energy of the band gap (Eg).
Ece and Evs excited electrons and holes are produced,
respectively.

These photogenerated carriers can drive reduction and oxidation
reactions if charge injections into the reactants are
thermodynamically favorable.

Figure 5 (A) shows the Eq semiconductor to achieve PC WS

using a single photocatalyst. The phenomenon here should be
between the reduction and oxidation potentials of water, which are
+0 and +1.23 V, respectively, compared to the normal hydrogen
electrode (NHE) when the reactant solution is at pH 0 (Hisatomi et

al.

, 2014; Lietal., 2021). Figure 5 (B) displays an alternative system,
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the "Z-scheme", which is similar to photosynthesis in green plants.
In this technology, two semiconductors are connected in series with
reversible redox shuttles, and the reduction and oxidation of water to
hydrogen occur in one photocatalyst and the simultaneous reduction
of oxidized redox mediators and oxidation of water to oxygen in the
other photocatalyst. So, the Z-scheme is a system in which reactions
such as WS and oxygen and hydrogen evolution co-occur with two
different photocatalysts. This process can proceed by inter-particle
electron transfer and, in some cases, can operate efficiently despite
the absence of reversible redox shuttles (Hisatomi et al., 2014; Li et
al., 2021). The PEC WS system generally uses three types of cells,
including an n-type semiconductor photoanode, a p-type
semiconductor photocathode, and a tandem system consisting of an
n-type photoanode and a p-type photocathode. Electrons generated
by photogeneration at the n-type photoanode transfer to the opposite
electrode (cathode), producing an anodic photocurrent and reducing
H" ions to H; at the cathode (Figure 5 (C)). In contrast, the holes
formed by photogeneration in the p-type photocathode transfer to the
counter electrode (anode), produce a cathodic photocurrent, and
oxidize water to O, and H* ions (Figure 5(D)). In the tandem cell,
both the n-type photoanode and the p-type photocathode absorb light
energy, oxidizing water to Oz and reducing H* ions to Hoy,
respectively (Figure 5 (E)) (Ayodhya, 2023; Liu et al., 2023). As
shown in Figure 6, TiO2 is a common n-type semiconductor widely
used as the photoanode in n-type PEC cells.
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Figure 5. PC WS energy graphs using (A) one-step excitation and
(B) two-step excitation (Z-scheme); and PEC WS utilizing (C) a
photoanode, (D) a photocathode, and (E) tandem configuration

(Ayodhya, 2023; Hisatomi et al., 2014).
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Figure 6. PEC WS using a TiO2 photoanode (Abouelela et al.,
2021).
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Requirements of a photocatalyst

An ideal photocatalyst absorbs light energy, excites electrons
from the Evs to the Ecg, and simultaneously creates holes. These
excited electrons and holes move toward the photocatalyst surface.
Photo-excited holes and electrons trigger the oxidation and splitting
of water into oxygen and hydrogen gas (Figure 7). As long as there
is light, the process continues. In line with this goal, various basic
needs can be determined for materials to efficiently carry out the WS
reaction (Figure 8). First, the photocatalyst must have the optimal
band structure to benefit from solar energy at the maximum level.
This band structure must be higher than 1.23 eV and is compatible
with the energy of photons in the visible region (2.0-2.4 eV). The
thermodynamic energy required for WS requires a band gap higher
than 1.23 eV, but the energy of a photon in the visible light spectrum
is between 2.0-2.4 eV. However, it should be noted that the
minimum band gap should be higher in an ideal photocatalyst. This
minimizes energy losses due to thermodynamic losses, entropy
change, recombination of electron-hole pairs, kinetic losses, etc. For
optimal performance, the photocatalyst must be designed to consider
these various factors (Ayodhya, 2023; Jafari et al., 2016).

Plasmon

— 0 eV

— 1.23 eV

Figure 7. TiO2 Band Gap (Ayodhya, 2023; Jafari et al., 2016).
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An energy loss of about 0.8 eV can be allowed in natural
systems. Secondly, the lower level of the Ecg of the photocatalyst
should be more harmful than the reduction potential of H*/H.. In
contrast, the upper level of the Evs should be more favorable than
the oxidation potential of O2/H20. This allows efficient transport of
carriers (electrons and holes) for the reduction of H; and oxidation
of O.. Thirdly, to efficiently transport the photocatalyst through the
photocatalyst to the surface, the photo-induced electron-hole
separation must be favorable in terms of efficiency, and the carrier
mobility must be high. Since the recombination of carriers in the
photocatalyst negatively affects the efficiency, the crystallinity of
the materials must be high.

xpensive |
toxic

ssion re:

Figure 8. Properties of commercially desirable photocatalysts for
H> production (Saddique et al., 2023; Tentu & Basu, 2017).

Fourth, photocatalysts in photocatalytic reactions must often
operate stably in extreme environments such as high temperatures
and acidic/alkaline conditions. The stability of photocatalysts under
these conditions is crucial for reaction efficiency and long-term use.
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For an ideal general water-splitting semiconductor, the Eve and Ecg
edge positions should lie between the water oxidation and reduction
potentials (i.e., Ece> E red, water, and Evs < Eox, water). Figure 9 shows
various semiconductor photocatalysts' band gap and band edge
positions (band edge according to water redox potentials) (Tamirat
et al., 2016). For example, certain photocatalysts such as GaP,
TaON, and CdS have suitable semiconductor properties for solar
WS. However, they exhibit instability by oxidizing anions more
efficiently than water. As a result, the photocatalysts degrade rapidly
and do not perform stably in the long term. Lastly, the photocatalyst
must have a high surface activity and a large area of surface. The
large surface area allows water molecules to contact the catalyst
effectively. High activity on the surface boosts the catalyst's capacity
to split water into protons and hydroxyl anions. Additionally, as the
particle size of photocatalysts decreases (increases the surface area),
the probability of the charge carrier reaching the surface increases.
The last two basic requirements should be considered when
determining suitable candidates for photocatalyst design. Then, the
electronic structures of the materials should be designed to meet the
first three requirements. Additionally, candidate materials must have
a high surface area and be readily obtainable (Ayodhya, 2023).
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Figure 9. SC photocatalyst band structures and redox potentials
(Li etal., 2021; Tamirat et al., 2016).
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PC and PEC WS similarities and differences

PC and PEC technologies can be used as the two main
methods for solar WS. The similarity between these two systems is
that they use a photoactive semiconductor as the active component
(Wu et al., 2020). The main difference between these two
technologies is that PEC uses electrical energy in addition to photon
energy. Current PEC systems report STH rates between 2% and 3%,
which refers to the efficiency of STH conversion. On the other hand,
STH efficiency in PC systems is as low as 0.1% due to lower light
harvesting capacity (Tentu & Basu, 2017; Zhou et al., 2016).

While conventional PC WS methods use heterogeneous
powder semiconductors, the PEC WS method has the following
advantages. These advantages are:

> An externally or automatically applied voltage can inhibit the
recombination of charge carriers resulting from photogeneration,
improving the separation and transfer of excited electron—hole
pairs of photocatalysts.

» Separation is simple because the hydrogen and the oxygen can be
easily collected on different types of photoelectrodes.

» Semiconductor films can be coated on conductive substrates,
making them easier to scale up for industrial application in the
future.

» Finally, because it does not require mixing, powdered PC
consumes less energy than WS systems (Adamopoulos et al.,
2019; Minggu et al., 2010).

The distinction between PC and PEC systems is detailed in Table 2.
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Tablo 2. Comparison of PC and PEC technology (Y. Y. Wang et

al., 2022).
Experimental PC Water Splitting PEC water splitting
details
Catalysts from Powder (majority) Thin film
ncident light All directions Vertical direction on the
catalyst
Energy input Solar energy Solar.egergy and external
electricity
Cost Low Relatively high
Gases collecting Sepe.ratmg process Directed collected from
required seperated electrodes
Efficiency STH STH/IPCE/others
benchmark
Efficiency Low Relatively high
Recycle Complex and time Simple and effective
of catalysts consummg

PC and PEC WS efficiency

STH is frequently used to indicate the H: production
efficiency of a PC WS, and the calculation method in the literature
is given in equation 10 (Y. Y. Wang et al., 2022; W. Yang &
Prabhakar, 2019).

STH

(mmole) . (237kj

- S mol AM1.5G (10)

Piotar (MW /cm?) x Area(cm?)

The PEC WS STH conversion efficiency is calculated as
follows in equation (11) (Y. Y. Wang et al., 2022; W. Yang &
Prabhakar, 2019).

Isc (mA/cm?) * (1.23V)] *

STH = AM1.5G 11
l Piotal (MW/cm?) an
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Where:

Jsc: is the short-circuit photocurrent density.

Protar: IS incident illumination power density.

ng: is the Faradic efficiency for hydrogen evolution.

To understand the contribution of different wavelengths of
light to STH performance, the National Renewable Energy
Laboratory standard AM1.5G solar spectrum is shown in Figure 10.

woloud

(0 8 LW woloud 4,04 =) Jequnu

300 400 500 600 700 800 900 1000

Wavelength (nm)

Figure 10. Theoretical efficiency for STH integrated from a low
wavelength to corresponding wavelength with QEs of 100 and 30%
(Takanabe & Domen, 2011).

All UV photons contribute to a maximum theoretical STH
performance of only 3.3%, with 100% quantum efficiency. Light at
600 nm (2.07 eV) gives an efficiency of 17.8%. Using light up to
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1000 nm (1.23 eV), a single semiconductor's calculated STH
efficiency is ~48%. This fact demonstrates that visible light
contributes significantly to the STH vyield, indicating that it is
essential to increase the visible light activity of photocatalysts. IPCE
is the ratio of the received photocurrent to the incident photon flux
and be expressed equation 12 (Jiang et al., 2017).

electrons/cm? /s

IPCE (M) =
@ photons/cm?/s
Jon (MA/cm?) % (1239.8 (V * nm)

Prono (mW/cm?) * A (nm)
In this equation,
1239.8 V * nm: is the product of h (Planck’s constant)
c: speed of light and,

(12)

Pmono: represents the calibrated illumination power density of
monochromatic light.

PC and PEC WS performance comparison

Hydrogen and oxygen evolution efficiencies obtained from
studies reported in the literature on PC and PEC WE are presented.
Zuo et al. integrated ultrathin TiO2 nanosheets by hydrothermal and
solvothermal methods into the growth of ZniIn;S4 to produce TiO»-
ZnlnyS4 heterostructure nanoflowers and investigated the PC WS
performance under 300 W Xenon light illumination. They reported
the optimized DZH nanoflowers as enhanced PC WS activity (214.9
umol g™! sa”! for H, formation and 81.7 umol g ' sa' for O
formation without any co-catalyst and sacrificial agent) (Zuo et al.,
2021). Velusamy et al. synthesized the FCN/BiO nano
heterostructure using the solvothermal method and investigated the
PEC WS performance under AM 1.5 G light illumination. FCN/BIOl
nano heterostructure showed photocurrent density ten times higher
than BCN nanostructure and 3.8 times higher than FCN. As a result,
FCN/BIOI reported a high induced photocurrent density (20.17
mA/cm?) and H2 evolution rate (3762 pmol h™* cm) under sunlight
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illumination (A > 420 nm) compared to the other (Velusamy et al.,
2023). Another research reported Xu et al. first fabricated novel Fe-
MOF derivatives a-Fe;Os3 and FeP-PC using the solvothermal
method to facilitate the separation and utilization efficiency of
charge carriers and to activate the overall WS performance of
ketamine-based TpPa-1-COF. They investigated the PC WS
performance under 300 W Xenon light illumination. As a result, they
reported a hydrogen and oxygen production performance of 97.45
umol gth™/ 48.68 umol gh™, respectively (M. L. Xu et al., 2022).
Some of the studies conducted between 2021 and 2023 for PC and
PEC WS technologies are selected, and their detailed analysis,
characteristics, and hydrogen production performances are listed in
Table 3.
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Table 3. Detailed analysis of investigations reported between 2021-2023 on PC and PEC WS technologies.

Photocatalyst Bandgap Synthesis Electrolyte H&O> Current Light Ref.

&Aplica. (eV) method evolution  density  source
g-CsN4 (BCN-HT100) - Hydrotermal Naz2S04 - & 816 - 300 W (Cheng et al., 2023)
&PC method pumolhg? Xe lamp
(RGO)-Cdo.co 2.28 Solvothermal ~ NazS & 196pumolht 141  300W (Uguz & Koca, 2021)
Zno.40S-Pt method Na2SOs & - mA/cm?  Xe lamp
&PC and PEC Hybrid
CaTiOs/Cu/TiO2 3.37 Hydrothermal 0.5M 23.550 - 300 W (J. Yang et al., 2022) &PC
method Na2S04 pumolhig? Xe lamp

& -
Ce-doped TNTAs 261  Two-step - 43.07 - AM 1.5G (Tong et al., 2023)
&PC anodization pmolh-tcm
& -

CoCi/NiFeOOH/BiVO4 - Impregnation  0.5M 170 pmol - AM 1.5G (Huetal., 2022)
&PEC method Na2SO4 & - Xe lamp
NiCo LDH - Hydrothermal 0.1 M 6.4 pLs? - Simulated (Zheng et al., 2023)
(Pc-NiCo LDH/ method KOH & Xe lamp
Ni3S2/C09Ss) 3.1 pLs?
&PEC
NiFe-MOF/TiO> 2.98 Hydrothermal 0.5M -&- 0.77 300 W (Cui et al., 2020)
&PEC method Na2S04 mAcm?  Xe lamp
20LieCdS/TiO2 2.53 - 0.35M 38.61mL 21 35m (Ghoti et al., 2023)
& PEC Naz2S0s g/h mA/cm?2  W/cm?
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FCN/BIOI
&PEC

a-Fe20s/TpPa-1-COF
/FeP
&PC

N-TiO2/Ti (CN)
IN-C-10
&PEC

BiVO4/NiO/rGO
&PEC

NiO/RP
&PEC

ZnO@PDA/CeO2
&PEC

ZnSn0z@ZnlIn2Ss
&PC

Al-dopedSrTiO
&PC

1.97

2.0&
2.02&
1.35

1.85

2.40

3.25
3.29

1.99
3.0

3.01
3.23

2.46
2.21

0.25M -&-
NazS
Solvothermal 05M 3762
method Na2S04 pumolhlcm
& -
Solvothermal  0.5M 97.45
method Na2S04 umolhg?!
& 48.68
umolhg?t
Solvothermal 0.5 M -&-
method Na2S04
Hummers 0.5M -&-
method Na2S04
Hydrothermal 1 M 171.8
method KOH pumolhg?
& -
Hydrohermal 0.1 M -& -
method Na2SO4
Solvothermal - 16340.18
method pumolhg?
& -
Polymerizable 1.0 M 1.256
complexation  K2SO4 mmolh?
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Xe lamp

20 AM
mA/cm? 1.5G
16.20 300W

mA/cm? Xe lamp

458.6 300w
pAlcm? Xe lamp

1.52 AM
mA/cm? 1.5 G
- AM
156G
0.25 30 mw
mA/cm? cm?
LED
- 300 W
Xe lamp
- 300 W
Xe lamp

(Velusamy et al., 2023)

(M. L. Xu et al., 2022)

(Y. Wang et al., 2023)

(Bai et al., 2022)

(N. Chen et al., 2021)

(Celebi et al., 2021)

(Guo et al., 2021)

(Suetal., 2022)



/solid phase

griding method

&
0.692
mmolh?

Table 3. continued

Photocatalyst Bandgap Synthesis Electrolyte H2&O:> Current Light Ref.
&Aplica. (eV) method evolution  density  source
IN203.x-1 2.62 Hydrothermal 1M -&- 0.97 300 W (H. Xu et al., 2022)
& PEC method NaOH mAcm?  Xe lamp
FICM (a-Fe203 1.99 Hydrothermal Na»SO. -&- 6.5 AM (M. H.Jietal., 2023)
-In203 -Co (OH)x method mAcm? 15G
-Mn304 &PEC
TisC2/Ti-ZnO 3.12 - 01M -&- 45x105  1Sun (Sreedhar et al., 2022)
&PEC KOH - Acm™? 100 mW/cm?
H/C-CdS 2.32 - 05M 3.190 - LED (M. Zhang et al., 2021)
&PC & Na2SO04 mmol g ht lamp
2.37
TiO2-ZnINn2S4 3.12 Hydrothermal 0.5M 214.9 - 300 W (Zuo et al., 2021)
TNZIS-50 & solvothermal Na2SO04 pmol gt h? Xe lamp
&PC 2.33 method &
& 81.7
pmol gt h!
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NisP2-CQDs@CdS 251 Hydrothermal 0.5M 145 - 100 Mw (Dong et al., 2021)

& PC & method Na2SO4 pmol gt ht LED lamp
241 & -
CeOq/Fe203/Ver 1.97 Precipitation - 31molg? - 8w (Reli et al., 2021)
&PC 1.94 method & - Hg lamp
2.4mol gt
& -
4.7 mol gt
& -
CoS/g-CaN4/NiS 1.53 Hydrothermal - 1.93 mmol - 300 W (Bietal., 2022)
&PC 2.82 physical stirring mmol g1 h-? Xe lamp
method & -
STO:La/RhHOMS - - - 46.2umol 300 W (Wei et al., 2021)
-BVO&PC &22.3g1ht Xe lamp
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Conclusion

This work provides detailed information on the fundamental
aspects of PC and PEC WS, calculation methods, comparisons, and
recently reported work in this field. Hydrogen is seen as an essential
element in supporting future sustainable development and in shaping
the energy landscape. In addition, the fact that hydrogen can be
utilized as an energy carrier and raw material, which is accepted as
one of the basic principles of energy transition, makes it an essential
position in the energy field. The cost of hydrogen produced by
petrochemical methods derived from fossil fuels may be low, but this
production method is not renewable. Hydrogen production with (PC)
and (PEC) systems, the two main methods for splitting water with
solar energy, is promising for the future. Solar energy to chemical
energy conversion applications are being developed in parallel with
PC and PEC technologies. While photoactive semiconductors are the
main components of these systems, several standard methodologies
have been developed and implemented to increase their
performance. The primary distinction between these two methods is
that PEC utilizes more electrical energy than photon energy. Current
PC and PEC WS report STH ratios of <2% and ~10%, respectively.
Although PEC WS currently appears to be more efficient between
the two systems, the following issues should be taken into
consideration in future investigations to meet commercial
expectations.

» Must design durable and highly efficient photoelectrodes made of
new materials.

Optimizing the use of light.

Increase PEC cell panel size with simple design criteria.
Techno-economic evaluations should be made, and the device's
lifetime should be at least ten years.

YV V

Ultimately, we should remember that fossil fuel prices,
political policies, geographical locations, cost, and other factors will
determine the future road map of H> production with solar energy.
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However, H> production with solar energy will undoubtedly play a
vital role in a safe, economical, and clean energy future.
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CHAPTER VIlII

Polysaccharides gums: Gum tragacanth-based
hydrogel for the removal of pollutants

F. Fulya TAKTAK!

Introduction

Polysaccharide gums are important biodegradable industrial
raw materials that are abundant in nature. Polysaccharide gums are
biopolymers derived from various natural sources (see Figure 1)
(Parhi, Sahoo & Das, 2023; Mohammed, Naveed & Jost, 2021).
Some plant gums are a product of the natural protective mechanism
of the plant against pathological conditions such as fungal attack,
high temperatures or physical impact (Amiri et al.,, 2021,
Muruganantham et al., 2022). Such gums are called exudate gums
(Barak, Mudgil & Taneja, 2020).

1 Dog. Dr., Usak University, fulya.taktak@usak.edu.tr
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Figure 1: Classification of polysaccharides gums according to
their source.

Gums are heterogeneous carbohydrates formed by O-
glycosidic bonds between different sugars such as arabinose,
glucose, and galactose (Shobana et al., 2022). Gums obtained by
extraction from different sources are called non-exudates. Gums
extracted from plants and animals can be produced in large
quantities. The wide variety of structural properties of
polysaccharides results from differences in monosaccharide
composition, linkage types and patterns, and chain shapes which
determines their physical properties, including degree of
polymerization, solubility, flow behavior, gelling potential, and/or
surface and interfacial properties (lzydorczyk & Wang, 2005;
Gomez, Malinconico & Laurienzo, 2008).

Exudate gums are among the oldest natural gums. The four
most important exudate gums—Kkaraya gum, acacia gum, Ghati gum,
gum Arabic, and tragacanth gum—~have been used by people for
centuries as food and as a remedy for various diseases.
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Gum Tragacanth

The plant species Astragalus grows in the mountainous
regions of Turkey and Iran (Yildirim & Cansaran, 2010). It is the
most species-rich genus of the Fabaceae family, and more than 400
different species of this genus, which includes more than 2000
species worldwide, grow naturally in our country, and more than half
of them are endemic species that grow only in Turkey. Tragacanth
gum is a dried exudate obtained from the stems and stalks of various
Astragalus species (A. gummifer, A. parrowianus, A. fluccosus, A.
rahensis, A. gossypinus, A. microcephalus and A. compactus.), with
Astragalus microcephalus and Astragalus gummifer being the main
sources (Gavlighi, 2013). A gum called tragacanth is extracted from
the stems of these species. It is a yellow, sticky, whitish, valuable
gum extracted from the cracks in the stem (Prasad et al., 2022).
Tragacanth gum is a highly branched anionic polysaccharide and one
of the most cost-effective natural biopolymers available. It is a
biocompatible, highly viscous, odorless, tasteless,
polyhydroxylated, and very hydrophilic polysaccharide with a
molecular weight of ~850 kDa.

As summarized in Figure 2, gum tragacanth is mainly
composed of water-insoluble bassorin (BIW) and water-soluble gum
tragacanth (TGSW), but the composition of gum tragacanth in
different Astragalus species varies (Taghavizadeh et al., 2021,
Boamah et al., 2023; Balaghi, Mohammadifar & Zargaraan, 2010).

-143-



N

Water-soluble fraction ; Water-insoluble fraction
TRAGACANTHIN . BASSORIN
(20-40% w/w) (60-80% w/w)

I Tragacanth Gum

Ethanol soluble fraction Ethanol insoluble fraction
ARABINOGALACTAN TRAGACANTHIC ACID
(minor)

Figure 2: Gum tragacanth fractions

Figure 2 shows that the percentage of tragacanthin and
bassorin fractions of gum tragacanth varies over a wide range. This
is due to the fact that the different Astra gallus species yield very
different proportions of water-soluble and water-insoluble fractions
(Andeson & Grant, 1988).

The different composition of the gum tragacanth obtained,
depending on the Astragallus species used, therefore leads to
differences in many physicochemical properties of the product, such
as solubility, gelling capacity, surface/interface properties, and
viscosity.

Application of gum tragacanth in industrial water treatment

Wastewater treatment has become the focus of research and
technology worldwide. Over the last quarter of a century, the use of
chemicals has increased considerably, mainly due to growing
consumer habits and industrial development. Due to the lack of pre-
treatment in industry, dyes, pesticides, heavy metals, and organic
compounds are released from the source into receiving waters, with
extremely dangerous consequences for humans, animals, and plants
(Berradi et al., 2019; Zhou et al., 2018; Lellis et al., 2019; Patil et al.,
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2022). Intensive efforts are being made worldwide, particularly in
science, to treat wastewater. Adsorption is one of these methods, that
IS expected to be easy to handle, time-saving, and cost-saving
(Rashid et al., 2021; Nassar, 2010; Abdelfattah, 2016). In this
context, the production of inexpensive and abundant adsorbents,
which may contain different functional groups, is very important for
the removal of various pollutants from industrial wastewater by
adsorption.

Cross-linked hydrogels are produced by the cross-linking of
polymer chains during the polymerization of monomers with
hydrophilic side groups such as OH and NH2Hydrogels are known
as superadsorbents which can adsorb hundreds of times their own
mass in water. The diversity of their functional groups enables them
to interact with many heavy metals or organic impurities in water.
Chemically crosslinked hydrogels are prepared by adding chemical
crosslinkers such as glutaraldehyde (An et al., 1995), N, N'-
methylene-bis-acrylamide (Taktak & Ozyaranlar, 2022). divinyl
sulfone (Sannino et al., 2004), and epichlorohydrin (Garnica-Palafox
et al., 2014) to the polymerization medium. These chemically cross-
linked hydrogels, which are mechanically reinforced, can withstand
harsh conditions such as pH, ionic strength, and heat in water. On
the other hand, regeneration is possible. Furthermore, the desired
physico-chemical and biochemical properties of hydrogels are
usually imparted to polymer matrices by using fillers such as clay,
metal oxides or carbon nanoparticles (Gonzalez & Alvarez, 2019;
Xing & Tang, 2022).

In recent years, gum-based hydrogels produced by graft
copolymerization of various monomers with different
polysaccharide gums have shown very successful results in the
removal of pollutants from wastewater. The fact that polysaccharide
gums are naturally and abundantly available paves the way for their
use in this field.
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Table 1: List of articles on hydrogels based on tragacanth gum
(GT) synthesized for the removal of pollutants from wastewater,
found by Scopus search for all years.

Hydrogel Reactants Pollutant Adsorp'_uo Reference
S n capacity
GT, glutaraldehyde methvlen 1401 -
TG-cl-GA/CC (GA), CaCOs (CC) e blu)e/ 2145 mg/g  (Mallakpour &
, Tabesh, 2021).
GumT-cl- GT, 2-hydroxyethyl .
HEMA) methacrylate malachite 88.57 (Sharma etal.,
(HEMA) green 2021)
GumT-cl- GT, 2-hydroxyethyl 1 chite (Sharmacetal.,
. methacrylate 103.09
HEMA/TIO> (HEMA), TiO2 green 2021)
malachite
TG-cl- GT, acrylic acid ?hr ?(ffrllavin gggg (Jaymand,
PAA/Fe304 (AA), FesO4 T 4136 2023)
rhodamin
eB
GT, CoFez04 (CF),  methyl
silica-shell (SS), orange 336 (Moghaddam
CF@SSQ@PTG poly (methacrylic methyl 387 et al., 2020)
acid) (PTG) red
GT, 2-acrylamido-2- .
Poly (AMPS)-g- methylpropanesulfo EZ (IIII) ﬁ'ggg (SghGra;]el, Pour
GTIGO nic acid (AMPS) (1) : aemy,
e Ag (1) 132.12 2017)
graphene oxide
GT, 1-
vinylimidazole (VI),
2-acrylamido-2- S%féil 81.78
Poly (AMPS-co-vi Metwl-l- o ooht0 69.67 (Sahraei &
g-GT/PVA/GO/Fesi propanesulfonic E_iCId red 94.0 Ghaemy,
(AMPS), poly (vinyl Pb (1) 101.74 2017)
alcohol) (PVA), cu (Il )

graphene oxide
(GO), Fes04
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GT, 2-acrylamido-2-

methyl-1- (Mohammadia
gc}l)y/F()\A/XleO% propanesulfonic acid ~ Ca?* 114.18 n, Sahraei &
5 9 (AMPS), poly (vinyl ~ Mg?* 162.46 Ghaemy,
alcohol), graphene 2019).
oxide (GO), Ag
(Sadeghi, Rad,
Fes04/P(MMA)- TG, poly (methyl &
g-TG methacrylate, FesO4 Cr v 764 Moghaddam,
2014).
GT, quaternary (gf;]gjear:]polg,
GT/TMSQA ammonium salt NO3*- 19.95 aemy
(TMSQA) Amininasab,
2020)
GT, glutamic
) acid (GA), (Moghaddam
GA-GT/PAAM polyacrylamide UtV 384.6 etal., 2019)
(PAAM)
- (Sadeghi &
TG-g-PANI GT. aniline (AN1) /)y 26 Asadi, 2023).
(Thamer, Al-
PPACITG Gezif?gf’g”ate %fg' 45561 aizari, &
P Abdo, 2023).
fntonalized  eblue (Tabesh &
TG/VCFCNT 863 Mallakpour,
carbon nanotube 2023)
(VCFCNT) '
GT, poly (vinyl .
GT-PVA/ITA alcohol) (PVA), methyl 351  (Parsaeianetal,
- violet 2023)
tannin (TA)

The presence of numerous OH and COOH groups in the
structure of GT makes it possible to modify it with many functional
organic or inorganic compounds, making it suitable for the
production of new materials. Hydrogels based on gum tragacanth
(TG) used in wastewater treatment are listed in Table 2. Scopus was
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searched in all years to find all articles in this field. A total of 15
research papers on tragacanth-based hydrogel adsorbents for
wastewater treatment were published, with the number increasing
over the years. The oldest article dates back to 2014, and it seems
that tragacanth-based adsorbents are a relatively new field for future
wastewater treatment studies. As can be seen from the results, the
synthesis of tragacanth-based adsorbents has increased significantly
in 2023. These adsorbents have been used to adsorb heavy metals
such as Pb and Cr, as well as dyes such as methylene blue and Congo
red, which are among the main pollutants in wastewater. In recent
years, water pollution has become one of the most important
problems for the whole world, in parallel with increasing
environmental pollution. The interest in low-cost adsorbents with
high adsorption capacity is due to growing environmental
awareness.

Conclusion

This study includes an analysis of scientific publications on
tragacanth-based hydrogel adsorbents used in wastewater treatment.
The data comes from the Scopus® database and covers all years. The
number of publications in 2023 in this field is the highest at 4. The
researchers mainly focused on the removal of dyes and heavy metals
from wastewater, which are known to have negative effects on
humans and other living organisms and can be toxic, mutagenic, or
carcinogenic. Tragacanth gum is a new focus for future research, and
it is certain that it will be included in the composition of adsorbents
in more and more studies.
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CHAPTER IX

Aromatic Substances With Antibiotic Effect

Elgiz SHARIFOV?
Hiilya CELIK?

Introduction

An antibiotic is a type of antimicrobial agent used against
bacteria or microorganisms that kills them or prevents them from
multiplying. Antibiotics are used to treat or prevent bacterial
infections. These substances often exert a special effect against
microorganisms and interfere with pathogenic bacteria without harm
to human health. Antibiotic aromatic substances are components that
are usually found naturally in plants and have antibacterial
properties.
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Antibiotic aromatic substances are components that are
usually found in plants and have antimicrobial properties. These
substances can inhibit or kill the growth of bacteria, fungi, or other
microorganisms. While primary metabolites do not show specific
properties in living things but are found in every living thing,
secondary metabolites evaluated specifically may lead to different
pharmacological activities. There are many parameters that affect
the pharmacological activity of drogs. Although they do not have a
single pharmacological activity, the various alkaloids, flavonoids,
aromatic substances, etc. they contain significantly affect this
activity. One of these effects is that they are antibiotic. Certain
aromatic substances activate this activity.

The majority of plants synthesize aromatic substances in the
form of phenols (Geissman 1963). These substances are most often
used as a defense mechanism against microorganisms, insects and
herbivores. Some of these, such as terpenoids, give plants their
smell; Many compounds determine the taste of the plant, while some
compounds play a role in the use of plants for medicinal purposes.
(Altuner, 2008)

When antibiotics first appeared, there were no resistance
problems yet, and therefore they were used successfully. Today, the
increasing number of resistant pathogens all over the world has
increased the need for new antimicrobials. The problem of resistance
has ceased to be a problem of some pathogenic strains or some
hospital departments and has become seen in almost all major
bacterial pathogens and treatment units such as emergency care and
intensive care units, and even community-acquired infections.

With the increasing development of new antibiotics,
antibiotics such as kinupristin/dalfopristin, linezolid, daptomycin
and tigecycline have been put into clinical use against gram-positive
pathogens with multiple antibiotic resistance. In addition, new
glycopeptides such as dalbavansin, oritavansin, telavansin, and new
anti MRSA B-lactams such as ceftobiprol and ceftarolin have been
used in treatment.
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In order to cope with the treatment difficulties, while the
search for new antibacterials continues, the more effective use of
existing antibiotics and the evaluation of interactions between
antibiotics have come to the fore. The problem of resistance, which
arose shortly after the discovery of antibiotics, required the search
for solutions in those ages as well (Silver 2011).

General information

Primary metabolites are considered essential for almost all
living organisms and derive from primary metabolic reactions.
These include carbohydrates, nucleotides, proteins, tricarboxylic
acid cycle intermediates, lipids, common pigments of photosynthetic
processes, and lignin. The primary metabolism of bryophytes is very
similar to that of vascular plants. In its cell walls it contains essential
compounds such as cellulose, chlorophyll a, chlorophyll b, major
carotenoids, starch, nucleic acids, sugars, and some lipids. In studies
with bryophytes, lignin-like aromatic compounds, carbohydrates
and amino acids are encountered.

There are many aromatic substances and phytochemical
compounds that show antimicrobial activity. These compounds can
inhibit or kill the growth of microorganisms. Here are examples of
aromatic substances and phytochemicals that exhibit some
antimicrobial activity:

Allicin: Garlic contains a phytochemical called allicin.
Allicin exerts an antimicrobial effect on many microorganisms,
including bacteria, fungi and viruses.

Eugenol (Black Pepper and Cellar Oil): Eugenol is a
compound found abundantly in black pepper and cellar oil. Due to
its antimicrobial properties, it is traditionally used to treat toothache.

Thymol (Thyme): Thyme contains an aromatic compound
that contains thymol. Thymol exerts a strong antimicrobial effect on
bacteria and fungi and is traditionally used for wound cleansing.
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Carvacrol (Thyme and Thyme Oil): Carvacrol is an
aromatic compound found in oregano and oregano oil. Carvacrol is
an antimicrobial agent that acts on bacteria and fungi.

Tea Tree Oil: Tea tree oil has a strong antimicrobial effect
against various microorganisms. It is used to treat skin problems and
prevent infections.

Berberine (Golden Seal and Oregon Stirrup): Berberine is
an alkaloid found in many plant species. Berberine is effective
against bacteria and parasites and is used in the treatment of
infections of the digestive tract.

Globaceae (mother-of-pearl): Globaceae is a phytochemical
found in the mother-of-pearl plant. Globaceae has the ability to kill
microorganisms or inhibit their growth and is used in the treatment
of skin problems.

Curcumin (Turmeric): Curcumin, the main active ingredient
in turmeric, has antimicrobial and anti-inflammatory properties. It is
used to relieve digestive problems and reduce inflammation.

Cineole (Peppermint Qil): Peppermint oil contains a
compound called cineole. Cineole is mainly used in the treatment of
respiratory infections.

Rosmarinic Acid: Rosmarinic acid is a phytochemical
compound found in rosemary and has antimicrobial properties.
Rosemary oil is used to alleviate skin problems and support hair
health.These compounds have evolved evolutionarily as a natural
defense mechanism of plants in fighting disease.

These antimicrobial compounds evolved evolutionarily as
part of plants' natural defense mechanisms and have been used by
humans for medicinal purposes. However, caution should be
exercised when using plant extracts or oils that contain these
compounds because misuse or overdose can cause some adverse
effects.
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Recently, one of the problems that have emerged in health
sciences is the resistance of pathogenic microorganisms to antibiotic
drugs. Therefore, many antibiotics currently used have almost lost
their effectiveness against microorganisms. For this reason, new
antibiotic drugs, most of which are synthetic, have been introduced
to the markets. On the other hand, it is well known that most of the
microorganisms on Earth are still unknown, so their antimicrobial
potential is also unknown. (Baskaya, 2018)

Sulfonamides are the first group of drugs to be systematically
used in the treatment of bacterial infections in humans; They act
bacteriostatically (inhibits the growth of bacteria). In general, they
show a wide range of antimicrobial activity against both Gram-
negative and Gram-positive bacteria. It was discovered that it could
be used as a diuretic in the 1940s and as an antidiabetic in the 1950s.
The importance of sulfonamides did not decrease in part with the
invention of penicillin and other antibiotics, but in the mid-1970s
their importance increased again with the use of drug mixtures (such
as trimethoprim, trimethamine, etc.), and they are still widely used
in the treatment of specific infections. (Karadeniz, Palabiyik, Cakir
and Calis, 2011).

Some aromatic substances, phytochemicals that show
antimicrobial activity can be exemplified in Phenolics such as
Coumarins, Tannins, Simple Phenols and Phenolic Acids, Quinones,
Flavonoids, Flavins, Flavonols.

Phenols

Coumarins

Coumarin derivatives are sold commercially as oral
anticoagulants. In addition to their anticoagulant effects, coumarins
are used in many biological and pharmaceutical studies due to the
physiological, biological, antibiotic and anticancer effects of base
coumarin derivatives. Recently, studies on coumarin-based prodrug
synthesis have been carried out. Some coumarin derivatives have a
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strong medicinal effect as antibacterial and antifungal. It is known
that base coumarin derivatives also show antituberculosis activity,
and their bases have insecticidal (insecticidal drug) properties. Due
to the fact that it has an important bioactivity power, new types of
coumarin derivatives with effective pharmacological value have
been synthesized in recent years.

Tannins

In general, compounds containing a group of polymeric
phenolic substances are called tannins. They are found in almost all
structures of plants (Scalbert 1991). They can be obtained from the
condensation of flavone derivatives and the polymerization of
quinones (Geissman 1963).

Tannin-containing compounds play a role in the prevention
and treatment of diseases. They are also involved in many
physiological activities, such as stimulation of phagocytic cells and
stimulation of anti-infective actions (Haslam 1996). One of its
molecular effects is that it forms covalent bonds with proteins, as
well as hydrophobic effects and complexes with hydrogen bonds
(Haslam 1996, Stern et al. 1996). In plants, tannins inhibit insect
growth (Schultz 1988).

Studies have found that tannins are toxic to yeasts, bacteria
and filamentous fungi (Scalbert 1991). Tannins have been observed
to bind to the cell wall of bacteria, thereby inhibiting the growth and
protease activity of bacteria (Jones et al. 1994).

Simple Phenols and Phenolic Acids

Some of the simple bioactive phytochemicals are composed
of a single phenolic ring. Cinnamic and caffeic acids are common
examples of oxidized phenylpropane-derived compounds.
Hydroxylated phenols such as Catechol and Pirogallol have toxic
effects against microorganisms.
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Catekol has two -OH groups while pyrogallol contains three
-OH groups. The number of OH in the phenolic group was thought
to be associated with toxic effects against microorganisms, and
studies showed that the toxic effect increased with the increase in -
OH groups (Geismann 1963).

Phenolic substances cause enzyme inhibition in
microorganisms. In addition, researchers have found that oxidized
phenols exert greater inhibitory effects (Urs and Dunleavy 1975,
Scalbert 1991). Compounds with a C3 side chain and without
oxygen are classified as essential oils. Eugenol, which is a class of
essential oils, has been found to have a bacteriostatic effect against
fungi and bacteria (Duke 1985).

Kinons

Quinones have an aromatic ring structure containing two
ketone structures and are colored, highly reactive and widely found
in nature. They cause blackening of cut or injured fruits and
vegetables. They are responsible for a moderate pathway of melanin
synthesis in human skin (Schmidt 1988).

In addition to being a stable source of free radicals, quinones
cause loss of function in proteins because they irreversibly complex
with nucleophilic amino acids in proteins (Stern et al. 1996).
Possible targets in microbial cells include surface adhesins, cell wall
polypeptides, and membrane-bound enzymes.

flavonoids, flavinles, flavonolles

Flavonoids, flavins, and flavonols are natural compounds
and can exert antibiotic effects, but these effects are usually not as
strong as a direct antibiotic. Instead, these compounds can often
affect the growth or reproduction of microorganisms or support the
immune system. Here is some information about the antibiotic-like
effects of flavonoids, flavins, and flavonols:
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Antimicrobial Effects: Some flavonoids and flavonols may
have mild antimicrobial effects against bacteria and fungi. For
example, quercetin, a flavonoid, can inhibit the growth of some types
of bacteria.

Antioxidant Effects: Many flavonoids have powerful
antioxidant properties. Antioxidants can reduce cellular damage and
support the immune system by neutralizing free radicals. Therefore,
foods and drinks containing flavonoids can be used to protect the
body against infections.

Anti-inflammatory Effects: Some flavonoids and flavonols
have anti-inflammatory properties that can reduce inflammation.
This can limit the spread of infections throughout the body.

Immune System Support: Flavonoids and flavonols can
increase the activity of immune system cells and strengthen immune
responses. This can create a better defense mechanism against
infections.

Viral Infections: Some flavonoids and flavonols may have
antiviral effects, especially against viral infections such as influenza
(Flu).

However, flavonoids, like antibiotics, are limited in their
ability to directly kill microorganisms and may be ineffective against
some bacteria. Furthermore, the effects of flavonoids can vary
depending on their type and amount, target microorganisms, and
immune system responses.

More scientific research is needed to learn more about the
health benefits of flavonoids and similar compounds. Therefore, it is
important to consult with a healthcare professional before using
flavonoids and similar natural compounds for therapeutic purposes.

Flavonoids are synthesized by plants against microorganisms
(Dixon et al. 1983). Studies have shown that flavonoids, which have
the ability to form complexes with both extracellular and soluble
proteins and the cell wall of bacteria, are effective antimicrobial
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agents against many microorganisms. Many lipophilic flavonoids
have also been found to cause disruption of microbial membranes
(Tsuchiya et al. 1996).

Catechins are flavonoid compounds with the most C3 unit
reduced. These compounds have been found to be found in vitro to
detect Vibrio cholerae O1 (Borris 1996), Streptococcus mutans
(Batista et al. 1994; Sakanaka et al. 1989; Tsuchiya et al. 1994),
Shigella (Vijaya et al. 1995) and other bacteria. Catechins have been
found to inactivate cholera toxins in Vibrio (Borris 1996) and inhibit
bacterial glycosyltransferase isolation of S. mutans (Nakahara et al.
1993).

Flavoniod compounds also have an inhibitory effect against
many viruses. Studies have found that flavonoids such as
swertifrancheside, glycyrrhizin and chrysin are effective against
HIV (Pengsuparp et al. 1995, Watanbe et al. 1996, Critchfield et al.
1996). In addition, flavone derivatives have been found to inhibit
respiratory syncytial virus (RSV) (Kaul et al. 1985, Barnard et al.
1993)

The source of odor of plants is basic oil fractions and these
oils are secondary metabolites in isoprene structure. They can be in
the form of diterpenes, triterpene and tetraterpenes, as well as hemi-
terpene and sesquiterpene structure. These compounds are often
called terpenoids because they contain other elements such as
oxygen. Terpenoids are synthesized from acetate units and have the
same roots as fatty acids, but are distinguished from fatty acids by
their extensive branching.

Chaurasia and Vyas (1977) stated that 60% of the main oil
derivatives examined inhibited fungi and 30% inhibited bacteria.
Although the mechanisms of action of terpenes are not fully
understood, they are known to cause membrane disruption in
combination with lipophilic compounds.

Capsaicin, a terpenoid compound, is known to have a wide
range of biological activity in humans. Its effect on the nervous
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system, cardiovascular and digestive systems (Virus and Gebhart
1979) is as effective as its use as an analgesic (Cordell and Araujo
1993). Capsaicin has bacteriocidal action against Helicobacter pylori
(Jones et al. 1997)

Heterocyclic nitrogen compounds are called alkaloids. One
of the most important alkaloids for its medicinal use is morphine,
which was isolated from poppy in 1805 (Fessenden and Fessenden
1982). The name morphine comes from the Greek dream god
Morpheus, and codeine and heroin are derivatives of morphine.

Diterpenoid alkaloids have generally been isolated from
plants of the Ranunculaceae family (Atta-your-Rahman and
Coudhary 1995) and have been found to have antimicrobial
properties (Omulokoli et al. 1997).

In addition to the effects of alkaloids on microorganisms,
their anti-diarrheal effects have also been determined (Ghoshal et al.
1996)

Peptides that inhibit microorganisms were first identified in
1942 (Balls et al. 1942). They act by the formation of ion channels
in microbial membranes or by competitive inhibition of the binding
of microbial proteins to host polysaccharide receptors (Terras et al.
1993, Zhang and Lewis 1997).

It has long been known that bacteria and fungi are inhibited
by these substances (De Bolle et al. 1996).

Thionins are peptides commonly found in barley and wheat
and are toxic to gram-negative and gram-positive bacteria
(Fernandes de Caleya et al. 1972)

Let's examine the mechanism of antibiotic action in the moss
plant. As noted by Richardson (1981), bacteria are not known to play
a significant role in the decay of many moss species. The reason for
this is the antibiotic produced by mosses. Studies have shown that
some species (e.g. species belonging to the genus Sphagnum) have
high antibiotic activity, while some species, such as Funaria
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hygrometreca, do not show activity against the bacterial and fungal
species tested. This is thought to be related to the habitat in which
the species lives. The F. hygrometreca species settles in areas open
to development after a fire. It is thought that it does not have the
ability to synthesize antibiotics because there are very few creatures
to compete with in these areas.

Mosses (Lichen) are an example of plants that can exert
antibiotic effects. Mosses show their mechanism of antibiotic action
through a common symbiotic relationship of bacteria and fungi.

Mosses are formed by the combination of a fungus (fungus)
and an algae (usually green algae) or cyanobacteria (blue-green
algae). This symbiotic relationship is a form of symbiosis in which
both the fungus and the algae or cyanobacteria support each other.

The mechanism of antibiotic action works as follows:

Protective Role of the Fungus: The fungus forms the main
body and structures of the moss. This structure can grow in humid
environments and acts as a protective shell.

Photosynthesis of Algae or Cyanobacteria: Algae or
cyanobacteria make up the green part of the moss. These algae, or
cyanobacteria, produce energy by photosynthesis. This energy is
necessary for the survival of both themselves and the fungus.

Antibiotic Production: Some species of mosses aid in the
production of antibiotics produced by their fungi. These antibiotics
protect against bacterial and fungal infections on the surface of the
mushroom's moss. Fungi maintain the health of the moss by
maintaining the production of these antibiotics.

Antibiotic Effect: The antibiotics produced can inhibit or kill
the growth of microorganisms on the surface of the moss. This
increases the resistance of the moss plant to bacterial and fungal
infections.

This symbiotic relationship involves the moss plant's ability
to produce a natural antibiotic and therefore inhibit the growth of
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certain microorganisms. However, this mechanism can vary
depending on the type of moss plant and the environmental
conditions in which it lives. In addition, the antibiotic potential of
mosses has been the subject of research, and some species are known
to contain antimicrobial components.

Considering that mosses have been used for centuries in the
treatment of some diseases and wounds, it will be very important to
analyze the algae species with antimicrobial activity, to purify the
substances that cause antimicrobial activity, and to design drugs
using these substances.

For this, first of all, extractions should be prepared using as
many algae species as possible, and the antimicrobial effect of these
extractions should be tested on a wide range of different strains.

In moss species with antimicrobial effects, the purification of
the active ingredient that causes antimicrobial activity and the
subsequent detection of this substance will be very important for the
continuation of the studies. Elucidating the mechanism of activity of
the purified active substance will also be one of the important steps
for drug design.

Secondary compounds found in the structure of mosses
include aromatic compounds, terpenoids and fatty acids. Next to
terpenoids, aromatic compounds are the most important secondary
products of bryophytes.

Aromatic compounds found in bryophytes include benzoic
and cinnamic acid derivatives, phenolethers, alkylphenols,
phenylglycosides, bisbibenzyls, bishbibenzyl dimers, stilbenes,
phenanthrenes, naphthalenes, acetophenones, lignans, flavonoids,
coumarins, iscoumarins, comestanes, benzonaphthoxanthanones.

Flavonoids are the most commonly observed phenolics in
bryophytes, although not known in hornworts. The types of
flavonoids found in bryophytes can be listed as flavone aglycones
and glycosides, flavonol aglycones and glycosides, anthocyanins
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and their derivatives, aurons, biflavonoids, flavanones,
dihydrochalcones, dihydroflavonols, isoflavones, triflavones.

For the study of antimicrobial activity, strains of
microorganisms known to be sensitive to antimicrobial agents are
used. The selection and use of a specific and sensitive test
microorganism is the first and most important stage of these tests.
The most commonly used test microorganisms are Salmonella
typhosa, S. aureus, Bacillus stearothermophilus, Bacillus
mesentericus and Streptococcus thermophilus strains. With these
tests, the effect of an antimicrobial substance on a particular test
microorganism can be determined as "minimal inhibitory
concentration (MIC)" or "minimal lethal concentration (MLC)", as
well as the sensitivity of any microorganism strain to a certain
antimicrobial substance. On the other hand, by using these tests, the
presence of antimicrobial substances in any environment (a surface,
a food, etc.) can be revealed qualitatively or quantitatively. It can use
many methods to test antimicrobial activity. However, the "tube
dilution method" and the "agar diffusion method" are the most
common methods used for this purpose.

In the tube dilution method, the dilution of the
microorganisms to be counted is done in a suitable dilution solution.
The number of living cells in the material is estimated by evaluating
the tubes that are added to the liquid medium from the dilutions and
microorganism growth is seen at the end of incubation. With the tube
dilution method, it is tried to determine the MIC and/or MLK values
of antimicrobial substances (AMM). MIC value: It is the lowest
concentration of AMM that inhibits (inhibits) reproduction (increase
in the number of live cells present) under test conditions in the test
microorganism suspension (culture fluid containing a certain
number of live microorganisms) under test conditions. Minimum
concentration of inhibition (MIC) refers to the lowest concentration
that can visibly inhibit the development of a microorganism during
incubation. MIC was made to observe the resistance of mo to the
antimicrobial agent and to observe the activity of the new
antimicrobial agent.
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The minimum bactericide concentration (MBC) is the lowest
antibiotic concentration required to kill a microorganism MBC is
performed immediately after the MIC test and samples are taken
from tubes where no growth is observed in MIC and added to solid
medium. The first concentration at which there is no reproduction is
expressed as the minimum bactericide concentration. The lowest
concentration of antifungals required to kill a fungus is called the
minimum fungicide concentration (MFC).

In the agar diffusion method, the effectiveness of many
AMMs (especially antibiotics and disinfectants) can be
demonstrated easily and in a short time with this method. Using this
method, the sensitivity of the microorganism to be tested to
AMM/AMMs or the presence of an AMM in any environment can
also be determined. Method; It is based on the principle of
determining whether the AMM (or the sample suspected of
containing AMM), which is appropriately added to a suitable agar
medium in the petri dish inoculated with the test microorganism,
diffuses in the medium and prevents the development of the test
microorganism in the area where it is diffused. The agar diffusion
method can be applied in several ways. However, the most common
form of application is 'paper disc agar diffusion' and 'hole agar
diffusion’ methods.

The agar diffusion method is divided into two. In paper disc
agar diffusion, the selected test microorganism is inoculated with the
previously prepared liquid culture bulk plate method and surface
spreading method. The method of spreading to the surface is carried
out directly with a sterile swab immersed in a liquid culture or by
spreading on agar with Drigalski's extract. In this method, the cooled
medium is mixed with sterile petri dishes from the sample. It is a
method made by counting the live colonies in the incubation as a
result of leaving the solidified agar medium to incubation and
determining the number of live microorganisms.

In the hole agar diffusion method, it is acted exactly as in the
paper disc agar diffusion method. However, in the hole agar
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diffusion method, AMM-impregnated paper discs are not placed in
the agar medium inoculated with the test microorganism, instead, a
certain number of holes are drilled in the medium at appropriate
intervals and the AMM solution to be tested is poured into each of
these holes.

Another example that can be examined is propolis. Propolis
has a variety of therapeutic effects, including antibacterial, anti-
inflammatory,  healing, anesthetic, anticaries, antifungal,
antiprotozoal and antiviral activities. Its in vitro antibacterial activity
was confirmed against many Gram-positive and Gram-negative
bacteria, resulting mainly through the synergistic action of
pinocembrin and galangin flavonoids, which are components of
propolis. Other flavonoids such as chrysin and kaempferol have been
shown to have an antiviral effect by reducing intracellular
proliferation of viruses such as herpes simplex (Ghisalberti, 1979;
Park et al., 1998; Marcucci, 1995).

This study was prepared from the Research Project Thesis of
my student Elgiz SHARIFOV, Faculty of Pharmacy of Agr1 ibrahim
Cecen University.
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CHAPTER X

Melatonin and its Functions in Metabolism

Ebru COTELI!

Introduction

The hormone secreted from the pineal gland in the dark and
involved in many biological events such as reproduction, sleep,
immunity, and circadian rhythm is called melatonin (Yazicit & Kése,
2004). Melatonin is synthesized from tryptophan by activating beta-
adrenergic receptors in the pineal gland. The production and release
of this hormone begin in a dark environment and stop in a light
environment. The prolongation of the light period stops the
production of the melatonin hormone. For this reason, melatonin is
called the "biochemical identifier of darkness” (Nal, 2018).
Melatonin release in humans begins immediately after darkness falls
(20:00-23:00). It reaches peak levels, especially in the middle part
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of the night (02:00-04:00), and ends in the morning hours (07:00—
09:00). The level of the melatonin hormone varies depending on age.
With aging, the melatonin hormone secretion decreases (Gupta,
Riedel & Frick, 1983; Waldhauser & et al., 1988).

The melatonin hormone was first discovered by
Lerner in 1958. He obtained this hormone from the pituitary and
named it "melatonin” by combining the Latin words "melas,"
meaning black, and "tosos," meaning work, because it lightens the
skin color (Hilton, 2002; Beyer, Steketee & Saphier, 1998). Another
name for the melatonin hormone is N-acetyl 5-methoxy tryptamine.
It is a natural neurotransmitter, as it takes part in many biological
and physiological events in the body. The main function of this
hormone is to adjust the human biorhythm by maintaining the body's
biological clock. In addition, the best-known function of this
hormone is that it makes important contributions to the immune
system through cell renewal (Claustrat, Brun & Chazot, 2005;
Macchi & Bruce, 2004). Melatonin is a hormone synthesized and
released by the pineal gland, bone marrow, lens, ovarian cells, bile,
and gastrointestinal tract in mammals (Ustiindag, Sentiirk & Giil,
2020) (Figure 1).
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Figure 1. Melatonin (N-acetyl-5-methoxytryptamine)
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Synthesis of Melatonin

Melatonin is a hormone secreted from the pineal gland. This
hormone is also called the "dark hormone" because it is secreted in
response to darkness (Srinivasan & et al., 2009). Melatonin hormone
is synthesized from tryptophan in pinealocytes. The main ingredient
of the melatonin hormone is the amino acid tryptophan. Tryptophan
first turns into serotonin. Tryptophan is converted into 5-
hydroxytryptophan by the enzyme tryptophan hydroxylase. 5-
hydroxytryptophan is converted to serotonin by the amino acid
decorboxylase enzyme; serotonin is converted into N-acetyl
serotonin by the N-acetyl transferase enzyme. Then, N-acetyl
serotonin is converted into melatonin via the methyltransferase
enzyme (Beyer, Steketee & Saphier, 1998) (Figure 2).

Tryptophan

Tryptophan Hydroxylase
(TPH)

5-Hydroxytryptophan
(5-HTP)

decarboxylase

Aromatic-L-amino-acid
(AAAD, AADC)

5-Hydroxytryptamine
(5-HT, Serotonin)

transferase
(AA-NAT)

Acetylseratonin
O-methyltransferase
(ASMT, HIOMT) v

Figure 2. Melatonin synthesis scheme
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Factors Affecting the Synthesis and Release of Melatonin

Many factors affect the synthesis and release of melatonin.
The most important of these factors is light. Melatonin regulates
synthesis and release in light and dark, day and night environments.
This mechanism is called “photoneuroendocrine control." Light is a
factor that controls and suppresses melatonin synthesis. The more
intense the light, the greater its power to suppress melatonin (Reiter
& et al., 2007; Ozcelik & et al., 2013; Scheer & Czeisler, 2005).

Serum melatonin levels change with age. It has been reported
that blood melatonin levels are low, especially in newborn babies.
Studies have reported that babies' melatonin levels begin to increase
starting in the third month. It has been reported that melatonin, in
particular, passes into breast milk. It has been observed that the
melatonin circadian rhythms of breastfed babies are more regular.
Additionally, studies have shown that sleeping on a full stomach,
alcohol, coffee, cigarettes, tea, depression, sleeping pills, and sound
factors reduce melatonin release (Gomes & Soares-da-Silva, 1999;
Reiter & et al., 2007; Ozcelik & et al., 2013; Scheer & Czeisler,
2005; Sener, 2010; Ferguson, Rajaratnam & Dawson, 2010).

Functions of the Melatonin Hormone
Antioxidant Effect of Melatonin

Antioxidants perform many functions by interacting with
free radicals, such as reducing their activity, converting them into
weaker molecules, and trapping them. Melatonin has antioxidant
properties due to the pyrrole ring found in its structure. The
melatonin hormone prevents oxidative stress caused by toxins that
cause tissue damage in metabolism. In particular, due to its structure,
melatonin does not need any receptors or binding sites to scavenge
free radicals (Reiter, 1996).

Melatonin is soluble in water and in the lipid phase. For this
reason, it easily passes into all intracellular components. It especially
protects the nucleus, cell membrane, and organelles from the damage
of free radicals. Melatonin acts as an antioxidant in a way different
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from normal antioxidants such as vitamins C, E, and B-carotene. In
particular, it does not participate in radical-producing mechanisms.
Normal antioxidants turn into oxidant substances after performing
their antioxidant duties. Melatonin, in particular, inhibits pro-oxidant
enzymes. Thus, it fulfills its antioxidant function by reducing the
formation of free radicals (Pandi-Perumal & et al., 2008). Since
melatonin easily crosses the placenta and blood-brain barrier, it can
easily reach all intracellular components (Emet & et al., 2016; Cetin,
2005). Therefore, melatonin effectively protects the nucleus, cell
membrane and organelles from radical damage. In particular,
melatonin prevents free radicals from reaching the cell membrane by
clinging to the outer surface of the phospholipid layer of the cell
membrane.

This hormone can reach the cell nucleus. Therefore,
melatonin functions effectively in protecting DNA against oxidative
damage. Since melatonin has both lipophilic and hydrophilic
properties, it is not stored in the body. It quickly mixes with body
fluids and blood (lanas, Olivescu & Badescu, 1991). Safrole
substances cause cancer because they create free radicals. In
particular, safrole causes DNA damage. Melatonin inhibits this
damage very strongly. Studies show that melatonin slows down the
development and progression of cancer. In the case of aging,
antioxidant defense decreases as the functions of the pineal gland
and melatonin levels decrease. Therefore, an increase in diseases
related to aging is observed (Vriend & Reiter, 2015; Hardeland,
2012). Melatonin levels of people exposed to light, especially at
night.

It has been reported that the risk of breast cancer is low and
the risk of breast cancer is high. Breast cancer is also associated with
cortisol. The risk of breast cancer is high in people with high cortisol
levels, especially during the day and evening hours (Hill & et al.,
2015). One of the most important functions of melatonin is to
suppress tumor development. Melatonin performs this task by
helping the programmed death of cells in the body called apoptosis
and increasing the body's antioxidant capacity (Ozgelik & et al.,

~179--



2013). Melatonin destroys free radicals and activates antioxidant
enzymes through specific melatonin receptors. It fulfills its
antioxidant function especially by inhibiting pro-oxidative enzymes
(Sahna, Deniz & Aksulu, 2006) (Figure 3).
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Figure 3. Functions of melatonin (Balli, 2003).
The antioxidant properties of melatonin;
1. Increase the effectiveness of oxidative phosphorylation
2. Stimulates antioxidant enzymes
3. It shows wide and widespread intracellular distribution
4. Passes all morphological barriers
5. Stabilizes the cell membrane
6. Reduces pro-inflammatory cytokines
7. Reduces adhesion molecules

8. It neutralizes radicals derived from oxygen (Durkan &
Ulkii, 2009).
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Effects of Melatonin on the Immune System

Research has shown that there are few studies on the effects
of melatonin on cells and tissues in the immune system (Hotchkiss
& Nelson, 2002). Especially bacterial diseases, viral diseases, stress
and immune deficiencies that occur during corticosteroid use or drug
treatment can be prevented with melatonin (Maestroni, 2001). After
hemorrhagic shock and trauma events occurring in the body, the
immune system is suppressed.

Melatonin can regulate this suppressed immune system
(Wichmann & et al., 1996). In cases of immune system deficiencies
that develop with old age, melatonin has an enhancing effect on this
system (Palaoglu & Beskonakli, 1998). Melatonin activates immune
system function either directly through the immune system cells
through melatonin receptors or indirectly due to changes in steroid
hormones (Hotchkiss & Nelson, 2002).

Effects of Melatonin on Sleep

Sleep is not necessary for melatonin secretion in metabolism.
The important thing is the dark environment. In particular, increased
melatonin release reduces body temperature. Thus, it creates a
feeling of sleep. The effect of melatonin release on sleep is related
to the onset and quality of sleep as well as the total sleep time. It is
thought that melatonin, in particular, provides this effect through
thermo regulation and hypothermic effects.

Melatonin has important functions in the electrical activity of
the brain. It has been reported that people with sleep disorders have
low serum melatonin levels (Wurtman & Zhdanova, 1995). Studies
have reported that melatonin, which is used in delayed sleep phase
syndrome, insomnia, restless legs syndrome, REM dysregulation,
and fibromyalgia, increases sleep duration and quality in patients
(Haimov & et al., 1995; Wade & et al., 2007).

-181-



Psychological Effect of Melatonin

A scientist named Lerner revealed the relationship between
melatonin and human behavior and psychology. Studies have
reported that melatonin levels in psychiatric diseases are related to
the sleep cycle and depression (Lerner & Nordlund, 1978). Studies
have reported that melatonin secretion levels of depressed patients
decrease at night (Sener, 2010; Khaleghipour & et al., 2012).
Additionally, after the use of melatonin for therapeutic purposes in
depression patients, a decrease in depression symptoms and an
improvement in sleep patterns were observed (Challet, 2007).

Studies have been conducted on melatonin levels in patients
with bipolar psychological illness. Decreases in melatonin levels
have been observed, especially in patients with bipolar disorder
(Melo & et al., 2016; Lam & et al., 1990). Another study showed
that patients with schizophrenia had low serum melatonin levels and
circadian rhythm disorders (Suresh & et al., 2007). It has been
reported that schizophrenia patients, during psychotic attacks, often
have sleep problems. It is thought that melatonin can solve the sleep
problems of patients with schizophrenia without disrupting the
circadian rhythm (Shamir & et al., 2000).

Endocrinological Effects of Melatonin

Cortisol and melatonin levels act oppositely. Melatonin
receptors are located in the adrenal gland. Therefore, when these
receptors are stimulated with physiological doses, the
adrenocorticotropic (ACTH) hormone suppresses the formation of
cortisol (Liebmann & et al., 1997). In studies, increases in body
weight levels were observed when high cortisol levels and low
melatonin levels occurred (Guardiola-Lemaitre, 2007).

Melatonin levels, especially in patients with depression, it is
at lower levels than in patients without it. Studies have shown that
patients with depression have high cortisol levels in the evening. It
has also been reported that bone degeneration occurs when the
melatonin level is low and the cortisol level is high (Sener, 2010). It
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has been determined that the risk of breast cancer is higher in people
with low melatonin levels and high cortisol levels during the day
(Hotchkiss & Nelson, 2002).

Humans have greater melatonin levels throughout pregnancy
and childbirth than they do after giving birth (Wierrani & et al.,
1997). Studies have shown that melatonin is the reason for the
increase in twinning and ovulation rates. It has been reported that
especially estrus is successfully stimulated and the survival level of
the embryo increases with the increase in progesterone synthesis in
granulosa cells (Uyar & Alan, 2008).

Anti-inflammatory Effect of Melatonin

Many studies have demonstrated the anti-inflammatory
effects of melatonin (Galano, Tan & Reiter, 2011; Radogna,
Diederich & Ghibelli, 2010; Bonnefont-Rousselot & Collin, 2010).
Sepsis, asphyxia, etc. it has been reported that melatonin reduces the
concentration of MDA (malondialdehyde) and inflammatory
cytokines that occur as a result of disorders (Gitto & et al., 2004;
Kiiciikakin & et al., 2009; Carrillo-Vico & et al., 2005).

Melatonin has anti-inflammatory effects in vivo and in vitro.
Studies have reported that melatonin levels decrease in many
infectious diseases such as pulmonary tuberculosis (Ozkan & et al.,
2012) and HIV-1 (Nunnari & et al., 2003). Melatonin provides
effective protection against bacteria and viruses thanks to its
antioxidant, anti-inflammatory and immune modulating abilities
(Srinivasan, Mohamed & Kato, 2012).

Melatonin Cancer Relationship

Melatonin is easily soluble in both the water and lipid phases.
It reaches all intracellular components. In particular, cell organelles
are protected from free radical damage by melatonin. Melatonin does
its job of clearing these radicals by binding to the outer surface of
the cell membrane. Melatonin bound to the outer surface traps and
detoxifies free radicals before they pass into the membrane. It
especially neutralizes radicals released by mitochondrial respiration.
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Melatonin reaches the cell nucleus. Therefore, it protects DNA
against oxidative damage (Reiter, 1993). Melatonin is a molecule
that does not have a pro-oxidative function and does not oxidize. It
never participates in radical-producing reactions (Beyer, Steketee &
Saphier, 1998).

Additionally, melatonin provides repair for damaged DNA.
Linoleic acid is a substance that ensures the growth, development,
and proliferation of cancer cells. This substance cannot be produced
in the body but must be taken from outside through food. Meanwhile,
melatonin prevents linoleic acid from entering the cell and prevents
the growth of cancer cells (Maestroni, 1998).

The most important enzyme that eliminates peroxides in the
brain is the glutathione peroxidase enzyme. In addition to its
antioxidant effect, melatonin has an activating effect on the
glutathione peroxidase enzyme (Kus & Sarsilmaz, 2002). Studies
have shown that melatonin protects brain tissue from radical
damage, activates antioxidant enzymes, and prevents lipid
peroxidation, which is harmful to metabolism (Yazic1 & Kose,
2004).

Bone Protective Function of Melatonin

It has been reported that serum calcium levels decrease in
cases where melatonin levels are suppressed. In other words,
melatonin level has a direct effect on bones. In a study, the protective
effect of melatonin against bone deformation in old rats was
examined. This study showed that increasing melatonin levels
reduced bone loss and increased bone strength in old rats (Ostrowska
& et al., 2002; Tresguerres & et al., 2014). Melatonin is found in
large amounts in the bone marrow. Therefore, it functions in the
synthesis of bone proteins (osteoprotegerin) (Suzuki & et al., 2008).

Effects of Melatonin on Cortisol

Melatonin and cortisol act in opposite directions. Melatonin
receptors and adrenocorticotropic hormone (ACTH)-mediated
cortisol suppress its synthesis (Liebmann & et al., 2002). Studies
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have shown that the amount of cortisol in the body decreases during
sleeping hours. showed that the amount of melatonin was low, but
the amount of melatonin peaked after a while (Sener, 2010).

In particular, studies have reported that high cortisol and low
melatonin levels pave the way for the formation of various diseases.
In particular, it has been reported that these diseases include
cardiovascular diseases, osteoporosis, depression, and ease of weight
gain (Millet & et al., 1999). Studies have shown that high cortisol
and low melatonin levels lead to weight gain in metabolism
(Guardiola-Lemaitre, 2007). In particular, studies have reported that
the risk of breast cancer is higher in cases where the cortisol level is
high and the melatonin level is low (Hotchkiss & Nelson, 2002).

Conclusion

Studies have shown that melatonin has vital duties and
functions. It is a substance with antioxidant properties, especially
since melatonin is a powerful free radical scavenger. It is a biological
molecule that plays a role in many mechanisms in the human body,
from the endocrine, muscle, and bone immune systems to sleep
patterns, and plays a protective role against many diseases. It is a
molecule that carries out vital functions.
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CHAPTER XI

Compounds Containing Aromatic Ring That Are
Addictive

Arzu G(")BE.]Kl
Hiilya CELIiK?

INTRODUCTION

Aromatic compounds are included in the chemical structure
of many substances that cause addiction. Aromatics are compounds
containing one or more benzene rings. Aromatic compounds are a
large group of organic chemical compounds that differ from
aliphatic compounds. These compounds are called "aromatics"
because they have a pleasant odour. Compounds such as benzene
and toluene, which contain aromatic groups, are also used in the
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composition of adhesives and paints that cause addiction (Dogan, M.
S., & Celik, H., 2023).

Any chemical substance that can cause abuse and addiction,
called a "substance", can cause various changes in mood, perception,
cognition and other brain functions and can be consumed in different
ways. These substances can include illicit substances such as
cannabis, heroin, cocaine, as well as prescription drugs such as
amphetamines, benzodiazepines, other sedative and hypnotic drugs.
In addition, substances such as volatiles, tobacco (nicotine), coffee
(caffeine) and alcohol (ethanol), which are not subject to legal
regulations or have limited legal regulation, can also be considered
within this scope (Ceyhun, B., Oguztiirk, O., & Ceyhun, A. G.,
2001). Addiction refers to a condition that includes processes such
as increased misuse as a result of the development of tolerance to a
substance, continued use despite the negative effects on life, and the
emergence of withdrawal symptoms in case of reduction or cessation
of substance use (Ugurlu, T. T., Sengiil, C. B., & Sengiil, C., 2012).

Addiction is a condition where people develop irregular
habits and become unable to control their lives at the point where
they become dependent on the substance. It is a debilitating
condition that starts with small habits and eventually takes control of
a person's behaviour and daily life. While this situation negatively
affects the behaviour, willpower and regular life of individuals, it
also causes serious harm to society. Considering that substance
addiction is increasing day by day, addiction harms the individual as
well as the society (Fraser, S., Moore, D., & Keane, H., 2014).

Addiction can be defined as a chronic brain disease that
refers to the condition of continuing to take a substance despite the
use of a substance causing mental, physical or social problems, the
inability to quit despite the desire to quit, and the inability to control
the desire to take the substance (Griffiths, M. D., 2017).

To explain in more detail, substance addiction:
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v Continued substance intake despite knowing the negative
consequences,

v" Significant time and money is spent to obtain and use the
addictive substance and then to recover from its negative
effects,

v" Social environment and activities are abandoned, and
conflicts and problems are experienced with the person's
family and environment,

v Prevents the fulfilment of the duties and responsibilities
expected to be fulfilled by the person,

v' The person is unable to resist substance intake despite
experiencing many physical and psychological problems,

v' When the substance is not taken, withdrawal symptoms
appear in the person,

v' It is a situation in which the amount of addictive substances
IS increasing with each passing day (O’Brien, C. P., 2006).

Some of the substances that cause addiction, from which they
are obtained and what kind of changes they cause in the human body
are examined in detail below:

COCAINE

Cocaine is known as a stimulant substance obtained from the
coca plant. The mechanism of its effect occurs by inhibiting neuronal
reuptake of monoamine neurotransmitters such as serotonin,
noradrenaline and dopamine and increasing the concentrations of
these neurotransmitters in the synaptic gap (Kilig, F., 2016,
Rasmussen et. al, 2001). It also inhibits sodium channels by showing
local anaesthetic properties (Knuepfer, M. M., 2003). Although
cocaine causes a high level of psychic dependence, it is not strong in
terms of physical dependence. Therefore, withdrawal symptoms are
quite mild. Effects such as dysphoria, depression, anxiety, muscle
weakness, burnout, itching, pain, irritability, insomnia, nausea and
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vomiting are observed (Ceyhun, B., Oguztiirk, O., & Ceyhun, A. G.,
2001).

N o
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Figure 1. Chemical Structure of Cocaine.
The effect and addiction of cocaine

Cocaine is a substance that can be absorbed through all
mucous membranes. Absorption through the nasal mucosa is
preferable to oral use because the intensity and speed of action are
much greater. When used through mucous membranes, it is not
subject to first-pass effects. Vaginal, rectal and other mucosal
contacts have also been trialled. However, the use of cocaine snorted
through the nose can cause complications such as rhinitis,
ethimoiditis mucosal erosions and perforation of the cartilaginous
nasal septum. Intravenous use of the water-soluble form of cocaine
hydrochloride is effective within 15-20 seconds, while subcutaneous
and intramuscular injections are rarely seen. Inhalation use of the
form of alkaloidal cocaine known as base or free base has become
more popular due to its speed of action and euphorising effect. While
the cocaine hydrochloride salt vaporises only at 195 °C, the alkaloid
form of cocaine vaporises at 98 °C and can reach the heart from the
pulmonary capillaries and then directly to the brain in as little as 7-
10 seconds (Satir et. al, 2000).

Cocaine use is not only associated with addiction, but also
with various health and social problems. Some of these problems
include decrease in work efficiency, problems in interpersonal
relationships, financial difficulties;, mood and cognitive
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dysfunctions, psychiatric symptoms such as depression, paranoia,
violence and suicidal tendencies, fatigue, weight loss, sleep
problems and seizures. In addition, serious consequences such as
traffic accidents and suicidal acts are also observed due to cocaine
use (Washton, A. M., & Tatarsky, A., 1984).

Treatment of cocaine addiction

The development of new drugs for the treatment of cocaine
addiction is ongoing and so far there is no fully effective treatment.
However, as new treatments are developed, psychosocial treatment
will be supported. Two important elements of the latest treatment
methods are providing support to the patient and preventing relapse
(Kampman, K. M., 2009).

During cocaine withdrawal, patients experience severe
withdrawal syndrome. During this period, adrenaline and
noradrenaline sensitivity increases and symptoms of anxiety and
restlessness are observed. Propranolol can help reduce these
symptoms. After stopping cocaine use, patients face a more
challenging treatment process. At this stage, drugs such as baclofen,
tiagabine, topiramate, disulfiram, modafinil are used to prevent
relapse of cocaine addiction (Kampman, K. M., 2005).

AMPHETAMINE

Amphetamines are one of the most potent sympathomimetic
amine drugs known for their central nervous system stimulant effect
(Michel, R., & Adams, A. P., 1979). They are generally used in
medical fields in the treatment of conditions such as narcolepsy,
obesity, attention deficit and hyperactivity disorder (Berman et. al.,
2009). It is known as a substance frequently preferred by those who
want to lose weight, students and those who have to work at night.
In Turkeys, its sale and use was banned in 1975 (Gokler, R., & Kogak,
R., 2008).
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Figure 2. Chemical Structure of Amphetamine.
Effects and addiction of amphetamines

Amphetamine mainly acts by inhibiting the dopamine
transporter molecule (DAT) and increasing dopamine release in the
synaptic pathway. This effect may lead to the development of
psychosis by causing an increase in dopamine in mesolimbic
pathways in the central nervous system, and schizophrenia-like
psychotic symptoms may occur (Altintas et. al., 2007). Improper use
of amphetamine may lead to complications such as weight loss,
dental problems, epilepsy, miscarriage, premature birth as well as
cardiovascular effects including hypertension and arrhythmia
(Bruce, M., 2000).

Amphetamine is frequently used as a doping substance today
because it increases physical performance by increasing excitability
and euphoria. This substance is usually found in tablet forms sold
under the name of "Kaptagon" and "Ecstasy" (Yedekci, A., & Onur,
E., 2010).

The addictive potential of amphetamine carries the risk of
damaging organs such as heart, kidney and liver and causing
multiple organ failure and death. In acute use, it may lead to serious
health problems such as myocardial infarction and arrhythmia with
tachycardia, hypertension and hyperthermia (Song et. al., 2010).

Amphetamine and theophylline act by metabolising and
stimulating the central nervous system (Docherty, J. R., 2008). Acute
or subchronic exposure to ecstasy and its use in combination with
other abused substances may cause various disorders in the body. In
the development of addiction, there is the potential to damage
organs, multiple organ failure and risk of death. In acute use,
conditions such as tachycardia, hypertension and hyperthermia may
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lead to serious health problems such as myocardial infarction and
arrhythmia (Song, et. al., 2010).

Treatment of amphetamine addiction

In addition to psychosocial interventions, amphetamine-
specific antipsychotic drugs that cause psychotic syndromes are also
used in the treatment of amphetamine addiction (Vocci, F. J., &
Montoya, 1. D., 2009). Drugs such as Olanzapine, Quetiapine and
Clozapine may decrease anxiety in addicts and decrease the desire
to seek substances because they are serotonin 5HT1A partial
agonists. Furthermore, in the treatment of amphetamine addiction,
ondansetron, a serotonin 5-HT3 receptor antagonist, has been shown
to reduce psychoactive substance seeking behaviour in animal
experiments (Johnson, B. A., & Cowen, P. J., 1993).

However, there are not enough resources and research on the
treatment of amphetamine addiction in our country and worldwide.
Therefore, there is a need for effective agents to reduce withdrawal
symptoms and psychoactive substance-seeking behaviour, and more
research is needed in this field (Danki et. al., 2005).

MORPHINE

Morphine is a substance containing alcoholic hydroxyls
attached to carbon number 3 in the phenanthrene core and methyl
roots attached to the etamine bridge. In order to change the structural
properties of morphine, new substances have been produced by
adding various side chains instead of hydrogens of hydroxyls
(Ozden, S. Y., 1992).
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Figure 3. Chemical Structure of Morphine
Effect and addiction of morphine

Morphine and morphine-like agonists bind to p-receptors in
the central nervous system (Ling, W., & Wesson, D. R., 1990). As a
result of this binding, effects such as analgesia, euphoria, respiratory
depression, suppression of cough reflex and myosis are observed.
Although tolerance develops against respiratory depression,
analgesia, euphoria and sedation effects in repeated use of morphine,
physical and physiological dependence occurs after a while
(Howland, R. D., & Mycek, M. J., 2006). However, morphine
addiction is different from other substance addictions. In other
addictions, drug intake is continued even if the withdrawal syndrome
that occurs after drug use is stopped, whereas in morphine addiction,
the patient does not continue drug intake when the withdrawal
syndrome reactions are over (Harold et. al., 2007).

Withdrawal and withdrawal syndromes that may occur as a
result of incorrect administration of morphine are manifested by
serious rebound pharmacological effects of morphine. These effects
may be observed as rhinorrhoea, lacrimation, yawning, tremor,
piloerection, hyperventilation, hyperthermia, mydriasis, muscle
pain, vomiting, diarrhoea and anxiety (Katzung, B. G., 2001).

Treatment of morphine addiction
Acute dependence resulting from a single injection of
morphine usually leads to withdrawal syndrome symptoms within 4-
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24 hours. Morphine exposure lasting for days and weeks may cause
more severe withdrawal syndrome symptoms (Zhang, Z., &
Schulteis, G., 2008). Within one hour when these symptoms are
observed, the patient is given methadone not exceeding 30
milligrams. Methadone is an orally available, long-acting opioid
antagonist drug (Kleber, H. D., 2007).

In many countries, the main pharmacological approach in the
treatment of opioid addiction is maintenance treatment using opioid
agonists. Buprenorphine, a partial opioid antagonist, is used as an
alternative drug for patients who do not accept methadone treatment
or do not show the desired course in methadone treatment (Evren et.
al, 2000). In overdose of morphine and other opioids, treatment with
naloxone is applied. Naltrexone effectively blocks the opioid effects
in the patient (Rzasa Lynn, R., & Galinkin, J. L., 2018).

HEROIN

Heroin is a substance whose narcotic use is known to involve
serious risks such as loss of respiration, nervous system depression
and death. Heroin was synthesised from morphine by the Bayer
Company in 1898. It is stated that heroin, which has 5 to 10 times
the potency of morphine, is preferred among narcotic users
(Sawynok, J., 1986).

However, the use of heroin is extremely risky due to its
strong effects and addiction potential. Therefore, uncontrolled use of
heroin can cause serious consequences and endanger the lives of
users. It is important for individuals struggling with heroin addiction
to seek professional help and be involved in the treatment process
(Zhou et. al, 2023).
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Figure 4. Chemical Structure of Heroin

Heroin was first produced in 1898 as an alternative
anaesthetic to morphine and used in treatment for a while. However,
it was discovered that heroin had a higher addiction potential than
morphine (Van Ree et. al, 1999). Today, the use of heroin is legally
prohibited worldwide and its use is subject to criminal sanctions. In
addition to the addiction resulting from heroin use, serious health
and safety problems such as intoxication, involvement in organised
crimes and emergency services are also observed (Balcioglu et. al,
2008).

The effect and addiction of heroin

Heroin is chemically the acetylated form of morphine. It is
rapidly metabolised in the liver to 6-monoacetylmorphine (6-MAM),
which is hydrolysed to morphine. Morphine and 6-MAM molecules
are responsible for the pharmacological effect of heroin (Goodman,
L.S.,2009). Its analgesic effect is five times stronger than morphine
and its use has been banned due to its very strong euphoria and
addictive effect (Dural O., 2008). Heroin shows its effect depending
on the way of use or some characteristic features (colour, physical
state, water solubility, pH, stability, density, purity). Light brown
heroin is generally available in Turkey (Ciccarone, D., 2009).

Heroin is used by wrapping it in a cigarette, snorting it,
heating it on aluminium foil and inhaling the vapour and injecting it
intravenously. It starts to show effect shortly after ingestion and its
effect lasts for 6-8 hours. As a result of its use, symptoms such as
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relaxation, disappearance of pain sensation, slowing down of heart
and respiratory rate, shrinking of pupils, facial flushing, slowing
down in speech and movements may be observed (Ogel, K., (,2005).
Intravenous heroin use may increase the likelihood of infectious
diseases such as hepatitis B, hepatitis C and HIV (Mirsal et. al,
2003). The reason for this situation is that the syringes used are not
sterile, not cleaned well and sharing of syringes among addicts
(Evren et. al, 2000). Spread of infectious diseases such as hepatitis
and HIV threatens not only addicts but also the society (Evren, E. C.,
& Cakmak, D., 2002).

Heroin addiction is a chronic, relapsing disease that affects
human genetics and is characterised by tolerance and high physical
dependence (Levran et. al, 2008). Heroin addicted individuals
usually live in a subculture specific to them and spend a large part of
their time in drug-related activities with symptoms of obtaining
drugs, "getting ready for flight", "walking around in a numb state",
returning to normal and then withdrawing until their next dose
(Kalyoncu A., & Muirsal H., 2000). The suicidal tendency of these
individuals may increase with the severity of addiction (Koyuncu et.

al, 2003).

Withdrawal syndrome symptoms such as dysphoria,
insomnia, irritability, fatigue and substance seeking occur 8-12 hours
after the last heroin intake. This process is characterised by the
addicted individual experiencing the feelings of discomfort and need
that arise with the decrease in the effects of heroin in the body. These
withdrawal symptoms may encourage a new dose to be taken in
order to maintain the addiction (Kleber, H. D., 2007).

Treatment of heroin addiction

In general, methadone maintenance treatment is applied in
the treatment of heroin addiction (Kreek et. al, 2010). Since heroin
especially affects opioid receptors, antagonists such as naloxone and
naltrexone can eliminate some opioid effects of heroin by binding to
these receptors and are used in addiction treatment. Since methadone
is a substance from the opioid group like heroin, naltrexone may be
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preferred for "drug-free treatment” (Kalyoncu et. al, 2000).
Buprenorphine is used to treat disorders such as depression,
dysphoria and anxiety observed in addicts (Maremmani et. al, 2009).

Treatment options may vary depending on the needs of the
individual and the degree of addiction. Opioid agonists such as
methadone and buprenorphine may help the addict to reduce
withdrawal symptoms by affecting opioid receptors in the body.
Antagonists, such as naltrexone, work by blocking the effects of
opioids to reduce the person's dependence. Treatment usually
involves a long-term and multidisciplinary approach, which includes
psychosocial support, therapy and medication.

MARIJUANA

Marijuana is known as a substance obtained from the flower
seed and dried leaves of the plant called Cannabis sativa. Marijuana
is often used for recreational or medicinal purposes due to its
psychotropic effects. Among the active components of this plant,
tetrahydrocannabinol (THC) is the most prominent and, when used,
causes psychoactive effects by affecting the central nervous system
(Small, E., 2015).

The effects of marijuana can vary from person to person, but
are generally associated with effects such as relaxation, increased
pleasure, changes in perception and slowing of time. For this reason,
marijuana has been the subject of legal, medical and social debate in
many countries. Medical marijuana use may be legal in some places,
and many studies and research into its use for various health
conditions are ongoing. However, recreational use of marijuana may
still be prohibited in some areas (Bayraktaroglu et. al, 2004).
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Figure 5. Chemical Structure of Marijuana
The effects and addiction of marijuana

Although the addictive potential of cannabis is low, it is clear
that it is a drug that can be addictive although its potency is low.
While its effect lasts for 2-4 hours when smoked as a cigarette, this
period can increase up to 5-12 hours when taken orally. It can cause
a series of effects on the immune system, respiratory system,
cardiovascular system, central nervous system and cognitive
functions during short or long-term use. In human and animal
experiments, it has been determined that long-term intake of THC
leads to a decrease in testosterone release, disorders in sperm
production, motility and viability, and irregularities in the menstrual
cycle. It has been reported that short-term cannabis use decreases
prolactin secretion, and long-term use causes suppression of
ovulation in women, galactorrhoea and gynaecomastia in men.
Physiological dependence develops as a result of repeated use and
withdrawal syndrome occurs when substance use is stopped.
Depending on this situation, irritability, anger, depression, difficulty
in sleeping, desire to use substance and decreased appetite are
observed in addicts (Kumar et. al, 2001), (Budney et. al, 2007).

The active ingredient of cannabis is known as
tetrahydrocannabinol (THC). THC is a component responsible for
the psychoactive effects of cannabis. Although cannabis has the
potential for addiction, the potential for addiction is generally lower
compared to some other drugs. However, regular and long-term use
can lead to addiction in individuals (Nahas et. al, 2002).
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The use of cannabis can have a range of physical and
psychological effects, whether short or long-term. These effects may
include changes in the immune system, respiratory system,
cardiovascular system, central nervous system and cognitive
function. It has been reported that long-term THC intake can lead to
hormonal changes, for example, decreased testosterone release,
disturbances in sperm production and irregularities in the menstrual
cycle in women (Karila et. al, 2014).

In addition, physiological dependence may develop as a
result of repeated use of cannabis and withdrawal syndrome may
occur when substance use is stopped. Withdrawal symptoms may
include irritability, anger, depression, insomnia, craving for the
substance and decreased appetite. It is therefore important to be
informed about the potential risks and side effects of cannabis use
(Smith, N. T., 2002).

Treatment of marijuana addiction

Treatment modalities for cannabis use disorders have
developed significantly in recent years. Specific treatments have
been developed for conditions such as weight loss, withdrawal
syndrome and relapse in cannabis users. In the first stage of the
treatment process, behavioural therapies are used to facilitate
abstinence from cannabis. Medications such as nefazodone, marinol
and buspirone are used to alleviate the withdrawal syndrome
associated with stopping cannabis use. In addition, a synthetic delta-
9-tetrahydrocannabinol called dronabinol has also been developed
for this condition. Dronabinol acts as an agonist and has a reducing
effect on the effects of cannabis on the body (Abhishek, D., &
Choudhary, C. K., 2010).

Lysergic Acid Diethylamide (LSD)

Lysergic acid diethylamide (LSD) is one of the addictive
substances commonly known as "“club drugs" and is mostly
consumed by adolescents and young adults in nightclubs (Wu et. al,
2006).
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Figure 6. Chemical Structure of Lysergic acid diethylamide (LSD
The effect and addiction of LSD

LSD is a substance that can cause hallucinogenic effects and
lead to exacerbation of psychosis. It can be found in different forms
such as powder, gelatin capsules, tablets or sugar cubes coated with
LSD, filter papers or postage stamps (Ozden, H., 2010). Among
ergot alkaloids, it is the one that shows the strongest effect on 5SHT
receptors (Green, A. R., 2008). The effect of LSD usually occurs
within 30-60 minutes, reaches a peak in 1-6 hours and usually lasts
up to 12 hours. Symptoms of acute toxicity may first appear as
various digestive system disorders, followed by symptoms such as
tremor, hyperglycaemia, hypertension, mydriasis and tachycardia.
At high doses, panic reactions, intense anxiety, confusion and
irritability may occur. Physical dependence and withdrawal
syndrome are not observed, and physiological dependence is low
(Schiff Jr, P. L., 2006).

Treatment of LSD addiction

Drugs from the SSRI (selective serotonin reuptake inhibitor)
group can be used to prevent the desire to use again in individuals
who stop using LSD. If a neuroleptic agent is chosen to treat the
behavioural disorder, drugs such as haloperidol and risperidone may
be preferred (Poole, R., & Brabbins, C., 1996).
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PHENCYCLIDINE

Phencyclidine (PCP) was introduced as an anaesthetic agent
in the 1950s as part of clinical medicine. However, when its abuse
increased in the early 1960s, its use as an anaesthetic was
discontinued due to the cases of delirium it induced. Due to its
schizophrenia-like effects, PCP was later used in schizophrenia
research (Coskunol, H., 2000).

)
o

Figure 7. Chemical Structure of Phencyclidine (PCP)
The effect and addiction of phencyclidine

The effect of phencyclidine occurs through NMDA receptors
(Thornberg, S. A., & Saklad, S. R., 1996). In both acute and chronic
use, psychotoxic syndrome develops and the user may harm
himself/herself and his/her environment. In addition to
psychological effects, symptoms such as hyperthermia, tachycardia,
hypertension, nystagmus, myoclonus and ataxia occur in the body
(Winchester, J. F., 2002). When the substance is discontinued after
high dose use, withdrawal syndrome is not observed, but
hallucinations and tendency to violence are observed with
intoxication. These delirium symptoms may persist for several
months after drug withdrawal. Dependence varies depending on the
dose and duration of use (Erickson, T. B., 2005).

Treatment of phencyclidine addiction

Firstly, substance use is stopped and urine acidification is
applied to remove phencyclidine from the body. Intramuscular and
oral antipsychotics or benzodiazepines are used for the resulting
psychosis (60 mg Diazepam, 30 mg Haloperidol per day), but this

--208--



treatment should be as short-term as possible (Schuckit, M. A.,
2006).

TOLUENE

Toluene-2,4-diisocyanate and toluene-2,6-diisocyanate are
isomeric substances belonging to the isocyanate group and have a
molecular structure of CoHeN202. Toluene, an aromatic
hydrocarbon, carries a high risk, especially in terms of abuse
potential (Yiicel et. al, 2008). This chemical component is found as
an organic solvent with neurotoxic properties in products such as
paints, adhesives and thinners. It is reported that exposure to toluene
may lead to neurological and psychiatric complications. It is known
that these effects may occur as a result of prolonged inhalation
among people exposed to toluene and those working in sectors such
as paint, textile and leather products (Lim et. al, 2014).
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Figure 8. Chemical Structure of Toluene-2,4-diisocyanate and
toluene-2,6-diisocyanate

It has been reported that adhesive materials contain toluene
at a lower rate than paint thinner and that the euphoria and
hallucinogenic effect of adhesive and the sedative and anaesthetic
effect of paint thinner are higher (Salloum et. al, 2023). The
psychological effects caused by toluene ingestion are associated with
increased intraneuronal calcium levels and consequently increased
dopamine release from presynaptic terminals (Rajendran et. al,
2022). Physiological effects of toluene include hypokalemia,
respiratory suppression, metabolic acidosis, ventricular tachycardia,
sinus bradycardia, vasospasm and cardiomyopathy. It has also been
reported that chronic regular use may increase the risk of myocardial
infarction (Ford et. al, 2014).
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