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         FOREWORD 

I am delighted to write the foreword for this scientific book. This 

book contains eight chapters. In the first chapter of this book, selective and 

sensitive fluorescent sensor for lead ion, in the second chapter  the viability of 

biochar-doped hydrogels in the fight against drought, in the third chapter 

simultaneous determination cholesterol-reducing combinatıon using principal 

components regression method, in the fourth chapter the effect of high 

electrical power on the physical structure of graphene nanosheets produced by 

anodic electrochemical exfoliation process, in the fifth chapter dynamic 

nuclear polarization parameters of nitroxide radical with 4-fluorobenzylamine, 

in the sixth chapter vajda theorems of jacobsthal and jacobsthal-lucas 

octonions, in the seventh chapter physicochemical properties of zeolite and 

modified zeolite clay, nanocatalyst and nanoadsorbent supported applications 

and in the eighth chapter bionanocomposites as fungicide against 

phytopathogenic fungi  is examined. 

I want to say thanks to all IKSAD publication team and the authors 

who have contributed to this book. It is my hope and expectation that this 

book will provide an effective learning experience and referenced resource for 

all science professionals.  

Editor 

Prof. Dr. Sevi ÖZ 

Ankara Hacı Bayram Veli University 
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CHAPTER 1 

SYNTHESIS OF p-tert-BUTYLCALIX[4]ARENE WITH BODIPY 

BY CLICK REACTION TO BECOME SELECTIVE AND 

SENSITIVE FLUORESCENT SENSOR FOR LEAD ION  

Assist. Prof. Dr. Mine SULAK1

1Pamukkale University, Department of Mathematics and Science Education, Faculty of 

Education, Science Education, Denizli, Turkey,  msulak@pau.edu.tr,  ORCİD: ID/0000-0003-

1300-8661 

mailto:msulak@pau.edu.tr
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INTRODUCTION 

Heavy metals are naturally occurring compounds in the earth's crust. 

Some of these metals are essential for human metabolism and are taken into 

our body in very small amounts by food, drinking water, and air. However, 

high levels of heavy metals ingested can cause acute or chronic poisoning. 

Heavy metals can cause chronic health problems because they cause 

bioaccumulation if taken into the body even at low doses for a long time. 

Lead is a soft metal that has been used for many years (Leita, 1991). Lead was 

widely used in BC. From 5000 onwards it has been used in the fields of metal 

products, cables and pipelines, and even paints and pesticides. The important 

usage areas of lead are; tin can lids, lead-tin alloy containers, ceramic glazes, 

pesticides, batteries, etc. are fields. Food and water can also be a source of 

lead, as well as lead gasoline and dyes (Kurniawan et al., 2019; Ozdemir et 

al., 2009; Okcu et al., 2009; Kafadar et al., 2010). 

When a molecule in the ground state absorbs light at the appropriate 

energy, electrons rise from the fundamental energy level to the excited energy 

level and this process is called absorption (Craznik et al., 2002; Wu et al., 

2017). There are different ways for the excited electron to return to the ground 

level. If the excited electron is rotating from the excited level to the base level 

by emitting light, this event is called fluorescence. 

Fluorescent sensors, which can detect, measure, and display certain 

molecules or ions, are used in a wide variety of fields such as modern 

medicine, clinical diagnostics, biotechnology, molecular biology and 

biochemistry, materials science, analytical chemistry, and environmental 

chemistry, and contribute greatly to the understanding of chemical and 

biological systems (Simsir et al., 2021; Ali et al., 2016; Quiraga-Campano et 

al., 2021). 

A typical fluorescence sensor consists of an analyte recognition group 

(receptor) and a fluorophore that converts the relationship between analyte 

and receptor into a fluorescence output signal, and this fluorophore group 

converts the information it receives into an optical signal in terms of changes 

in photophysical properties (Guliyev et al., 2009). 

The receptor in the structure and the fluorophore group are conjugated 

to each other, or some fluorescent sensors have a linking group between the 

receptor and the fluorophore. The receptor is important because of its effect 
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on binding and selectivity. The receptor must have a strong affinity for the 

target ion. A fluorophore can be described as a signal transformer that 

converts information into an optical signal. Depending on the nature or 

concentration of the analyte when connected to the sensor, there will be a shift 

in fluorescence wavelength or a change in fluorescence intensity. 

Among fluorescent sensors, 4,4-Difluoro-4-bora-3a, 4a-diaza-s-

indacene (BODIPY) fluorophore, which was discovered in 1968, has high 

quantum efficiency, easy synthesis, the functionality of spectrum range 

adjustment, sharp emission peak good photostability property.  It has been the 

center of attention for most researchers for many reasons (Banuelos et al., 

2016; Boens et al., 2012). 

BODIPY dye stuff thanks to its properties; As a very good 

photosensitizer in photodynamic therapy in molecular sensing systems.  It has 

shown its applicability in optoelectronic devices as a chemical sensor, in light 

collecting systems, ion detection systems, biological imaging, and solar cells 

(Uppal et al., 2013; Atılgan et al., 2008). 

Calixarenes, which have a three-dimensional space and can be 

derivatized from both phenolic oxygen and para position with suitable 

reagents, are suitable compounds used in the synthesis of fluorescent 

receptors (Gutsche et al., 1998; Baldini et al., 2012; Kim et al., 2007; Kumar 

et al., 2019). 

The click reaction is used to regulate the fluorescent sensor between 

fluorescent portions and calixarene (Kolb et al., 2001; Sharpless et al., 2006). 

To construct a new fluorescent ionophore, characterize and investigate the 

fluorescence properties of boradiazaindacene (BODIPY) building blocks are 

our goal in this study, we have designed compound 6 (Fig. 1) in which 

BODIPY is connected to the symmetrical OH groups of the p-tert-

butylcalix[4]arene. Meanwhile, the triazole group in the structure plays an 

important role in recognizing the lead (II) ion. 

1. MATERIALS AND METHODS 

All reagents used for the synthesis were purchased from Merck 

(Germany) and Sigma-Aldrich (USA), which were used without purification 

due to high purity. Commercially available solvents were purified by 

distillation. 1H-NMR spectra were obtained using a Varian 400 MHz 



 
 7 

spectrometer operating at 400 MHz, while attenuated total reflection-Fourier 

transform infrared (ATR-FTIR) measurements of synthesized compounds 

were made with 4 cm-1 resolution and 50 scans (PerkinElmer Inc., Norwalk)., 

CT, USA). 

Measurements of the emission (fluorescence and phosphorescence) of 

the fluorescence-specific compound calixarene were performed at room 

temperature with a Perkin Elmer LS 55 spectrofluorimeter fluorimeter with a 

1 cm quartz cuvette. 

The excitation and emission slits were set to 5 nm. Pre-

characterization of the obtained compounds was performed using UV-visible 

spectroscopy (UV/Vis-1601, Shimadzu, Kanagawa, Japan) in quartz cuvettes 

with 1 mm optical path length in the wavelength range of 200-400 nm with 

dichloromethane as the reference solution.  

1.1Synthesis of sensor molecule (6): 

p-tert-butylcalix[4]arene (1), 1,4-dibrombutan-p-tert-

butylcalix[4]arene (2) and BODIPY compound functionalized with alkyl 

group (5) has been synthesized according to previously reported studies 

(Gutsche et al., 1989; Kolemen et al., 2018;  Sayin et al. 2010; Yilmaz et al.,  

2010; Sulak et al. 2017). 

1.2. Synthesis of 25,27-Bis[4-azidobutoxy]-26,28-dihyydroxy-

5,11,17,23-tetra-p-[tert-butyl]calix[4]arene (3) 

25,27-Bis[4-bromobutoxy]-26,28-dihydroxy-5,11,17,23-tetra[tert-

butyl]calix[4]arene (2) (3.79 g, 5 mmol) and sodium azide (0.97 g, 150 mmol) 

was stirred in DMF at 80 oC for 2h. Reaction mixture was then poured in ice-

cold water. The pale yellow solid, azidocalixarene (3) that separated out was 

filtered and recrystallised from ethanol, yield 73%.  

ATR-FTIR: 2098 (azide), 1608 (CN).  
1H- NMR (CDCl3): 7.31 (s, 2H, OH), 7.04 (s, 4H), 6.71 (s, 4H), 3.93 

(d, J: 11,5 Hz, 4H, ArCH2Ar), 3.83(t, 4H, N3CH2CH2CH2), 3.09(d, 4H, 

ArCH2Ar), 2.21 (m, 4H, OCH2CH2CH2) 

1.3. Synthesis of 6 

Azidocalixarene (3) (1.0 eq.) was dissolved with dry dichloromethane 

under an atmosphere of N2 gas for 10 minutes. After adding the BODIPY 
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derivative (5) (1.5 eq.), it was stirred for half an hour, then 6 mol% sodium 

ascorbate was added. 1 mole of powdered CuSO4 was added and stirring was 

continued for 40 minutes under a nitrogen atmosphere. The reaction was 

followed by TLC to room temperature. When it was clear that the starting 

azide compound was finished, the solvent was evaporated. The resulting solid 

compound was first washed with water and then dried over Na2SO4. Triazolyl 

compounds were purified by column chromatography 
1H- NMR (CDCl3, 400 MHz): 8.0 (s, 2H, OH), 7.19 (s, 2H, CCHN), 

7.09 (d, J = 8.67 Hz, 2H, Ph-H), 6.99 (d, J = 8.71 Hz, 2H, Ph-H), 5.16 (s, 4H, 

OCH2), 4.47 (t, 2H, CH2CH2), 4.13 (d, J = 13.00 Hz, 2H, OCH2), 3.89 (t, 2H, 

CH2CH2), 3.26 (d, J = 13.12 Hz, 1H, Ph- CH2-Ph), 2.46 (s, 6H, CH3), 2.22 (q, 

4H, CH2CH3), 1.18 (s, 18H, t-Bu) 0.90 (t,12H CH3CH2-), 0.84 (s, 18H, t-Bu) 

CONCLUCSION 

In this study, firstly, the fluorophore group was synthesized by 

Williamson ether synthesis in the presence of 1,4-dibromobutane  p-tert-

butylcalix[4] arene (1) and potassium carbonate.  Compound 2 was heated 

under reflux with sodium azide to obtain the azide compound. The formation 

of the azide compound was confirmed by ATR-FTIR spectroscopy with the 

characteristic peak at 2098 cm -1. p-tert-butylcalix[4]arene azide compound 

and BODIPY derivative (4) were reacted with boron trifluoride diethyl 

etherate in the presence of TFA, DDQ and triethylamine, and ether- bound 

fluoride 6 was obtained with 28% yield by column chromatography using 

DCM as a solvent (Figure 1).  



9

Figure 1. Synthesis of sensor p-tert-butylcalix[4]arene (6). Reagents and conditions 

(i) K2CO3, MeCN, (ii) sodium azide/H2O, rt, 15 min. (iii) propargyl bromide, sodium

hydride, DMF, 70 ◦C, 2 h; 

(iv) 1-Azidocalixarene, sodium ascorbate, CuSO4, CH2Cl2 
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The 1H-NMR spectrum of compound 6 (Figure 2) showed two pairs 

of signals at 4.13 and 4.26. These signals can be attributed to the methylene 

bridge protons of calixarene due to their C2v symmetries. These signals 

indicate a cone conformation for the p-tert-butylcalix[4]arene as shown in 

Figure 2. The proof that compound 6 is present is the single peak observed at 

5.16 ppm of hydrogen ether (OCH2). Also, the disappearance of the C-CH 

hydrogen belonging to compound 3 in the 1H-NMR spectrum of compound 6, 

the emergence of a new single peak at 7.19 ppm is the proof of the formation 

of the triazole ring. Bridging aromatic hydrogen at the meso position of the 

BODIPY core resonates at 7.03 and 7.04 ppm. Aromatic hydrogens of the 

compound 6 resonate at 6.99 as doublet (J = 8.71 Hz) and at 7.09 ppm as 

doublet (J = 8.67 Hz) 

 

Figure 2. 1H- NMR (400 MHz) spectrum of 6 in CDCl3. 
 

For absorption studies, 1.10-5 M ligand solutions and perchlorate 

solutions of 1.10-4 M metals were prepared in EtOH 2 mL of 1.10-4 M metal 

perchlorate solution was added to 2 mL of 1.10-5 M ligand solution, and it was 

shaken for 3-4 minutes at room temperature and the absorption spectra of the 

resulting solutions were taken. 
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We scanned the ion-binding abilities of   nine metals (Fe3+, Cu 2+, Hg 
2+, Pb2+, Co2+, Ag+, Ni2+, Al3+ and Zn2+) using fluorescence spectroscopy and 

analyzed the fluorescence intensities of the solutions before and after adding 

nine metal ions as perchlorate salts. The increase or decrease in fluorescence 

observed with the help of fluorophore 3 is caused by the binding of the 

analyte to the chemosensor. Calixarene-based fluorescence sensors are 

designed on the photo-induced mechanism that induces photophysical 

changes upon cation binding: PET (photo-induced electron transfer), PCT 

(photo-induced charge transfer), excimer / exciplex formation, and extinction 

or energy transfer. We gave information about the fluorescence resulting from 

the complexation of nitrogen (N) groups in azide groups linked to two p-tert-

butylcalix[4]arene with Pb2+ ion. 
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Figure 3. Fluorescence response of 6 (5×10－6 mol.L－1) upon addition of different 

 metal ions (5×10－6 mol.L－1) in EtOH. 

 
According to the hard acid-base theorem, d orbitals are full or nearly 

full ions that tend to have soft acid properties. Heavy metal ions with large 
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radii and small charges are expected to behave as a soft acid. One of the 

reasons affecting the hardness and softness properties is the presence of π 

bonds. As their π bonds help the electron to diffuse, it increases the softness 

property. The reason why the CN ion is soft is that there are π bonds in its 

structure. We used triazole unit in which was bound to BODIPY unit by Click 

reaction can easily and strongly coordinate with Pb2+. BODIPY units probably 

behave as PET acceptors whereas the triazole groups behave as electron donor 

when the Pb2+ ion is bound by the two triazole nitrogen atoms. In the 

absorption spectrum, we can interpret that emission range of  BODIPY dyes is 

very wide from 500 nm to 900 nm.  Compound 6 shows emission peak λ max 

at 545 nm the extinction maximum at 660 nm (Figure 3).  Fluorescence 

intensity of 6 has special selectivity and sensitivity to Pb2+ ion. The solvents 

used can change the intensity of the fluorescence or the wavelength at which 

it is seen. Of course, the polarity of the solution also affects the system, but 

this situation affects the wavelength rather than the intensity of the 

fluorescence. In general, with increasing polarity, the maximum fluorescence 

emission shifts to longer wavelengths.  
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Figure 4. Fluorescence response of 6 in different solvent and pH (1-10) 
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We observed that fluorescence bands increased in MeCN because of 

solvent polarity. The effect of the solvent acidity affects mainly the emission 

band. Fluorescence of 6 was a larger intensity in fluorescence emission due to 

protonation of the nitrogen in the triazole in a very acidic solution (pH :1). 

The deprotonation of nitrogen in the triazole occurred in a very basic solution 

(pH:10) fluorescence emission not much changed (Figure 4). 

 

 

 

 

Figüre 5. Job’s plot for 6 (5.0x10−7 M) and Pb (II) complexation in a mixture of  

EtOH/H2O (9:1, v/v) 

 
In the job stoichiometry of such complexation was studied, the 

maximum point appears at the mole fraction of 0.7, which indicates 6 and 

Pb2+ from a 2:1 complex (Fig. 5).  Although the job study was repeated 

several times, the same results were obtained. The ratio of lead, calixarene 

derivative compound was observed as 1:2. The complex of lead with 

calixarene with BODIP was thought to be as in Figure 5. In future studies, 

experimental studies will be supported by theoretical studies. 
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INTRODUCTION 

The application of the sustainable agriculture approach, it has become 

the focus of research, against climate change due to global warming and 

environmental risks. The preservation of natural resources in the basic targets 

of sustainable agriculture, is closely related to the correct management of a 

basic component such as water (Nassaj-Bokharaei et al. 2021). Climate 

change also significantly affects the agricultural sector. The deterioration of 

agricultural soils due to improper irrigation and fertilization prevents access to 

healthy and adequate food. In order to make the most efficient use of water 

and fertilizers, research has become widespread today and the biggest share in 

this regard is the use of hydrogels in agricultural production (Gholamhoseini 

et al. 2018; Tomadoni et al. 2020). 

Hydrogels are hydrophilic gels that can make physical and chemical 

three-dimensional cross-links between polymer chains, thereby absorbing, 

storing and releasing water molecules (Chen et al. 2009; Abdellaoui et al. 

2020; Nassaj-Bokharaei et al. 2021). These materials are natural or synthetic 

structures that can absorb hundreds of times water of their dry weight 

(Tomadoni et al. 2020). The content of many commercial hydrogels used as 

soil conditioners consists of petroleum-based synthetic polymers. These 

hydrogels have environmental hazards because they have low 

biodegradability and water absorption capacity, high production cost or toxic 

byproduct formation (Mazloom et al. 2019). In order to eliminate all these 

environmental risks and produce more resistant hydrogels, the researchers 

have focused on to produce new generation of bio-compatible, 

environmentally friendly and hydrogels with high water absorption capacity 

and strength. 

Natural polymers such as gelatin, cellulose, chitin, chitosan, alginate, 

and also synthetic polymers such as poly(vinyl alcohol) (PVA), poly(ethylene 

glycol), polyacrylamide is used in hydrogel production (Bayraktar, 2013). In 

this study, sodium alginates and PVA was used in hydrogel synthesis. Sodium 

alginates, which is one of the most studied biopolymers today, has features 

such as hydrophilic structure, biocompatibility, biodegradability, non-toxicity 

and antimicrobial activity, which makes it a valuable raw material in water 

and fertilizer management (Feng et al. 2017; Tomadoni et al. 2020). In cross-

linked polymers, chains are connected to each other in three dimensions by 
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covalent or ionic bonds, thus forming networked polymers and these polymers 

have a good swelling capacity in solvents but they do not dissolve. In order 

for a polymer to have hydrogel properties, some hydrophile functional groups 

(such as hydroxyl, carboxyl, carbonyl, amine and amid) must be present in the 

main or minor chain (Bayraktar, 2013).  

Water and fertilizer applications are the main factors affecting 

agricultural production (Du et al. 2015). Therefore, reducing the consumption 

of water required for optimal use of plant nutrients and agriculture are 

considered priorities in the development of sustainable agriculture (Aouada et 

al. 2008; Nassaj-Bokharaei et al. 2021). Biochar from agricultural waste is an 

important recycling step that shows great potential in carbon emissions, 

greenhouse gas emission reduction, soil improvement and crop yield growth. 

These environmentally friendly bio-stimulants are potentially valuable 

applications in agriculture to increase soil fertility, to assist sustainable 

agricultural production and to mitigate the negative effects of different 

biotic/abiotic stresses on the plant (Semida et al. 2019). Biochar is a new term 

used to describe porous charcoal (fine pulverized charcoal) made from various 

biomass. Biochar is obtained as a result of incomplete combustion of wood, 

pruning wastes, leaves, grass or agricultural biomass in an environment with 

limited or no oxygen. At the same time, biochar production is a fast process 

that is economically profitable due to the value of the final product obtained 

from the process, but it can also be used as an energy source and carbon 

storage. 

In this study, it is aimed to obtain biochar from olive tree wastes and 

to synthesize biochar-based hydrogels. After the synthesis of different ratios 

of biochar-based hydrogels, lettuce seeds were planted in vials containing turf 

and turf + hydrogels. To determine the effectiveness of biochar-based 

hydrogels on plant height, fresh and dry biomass and chlorophyll content, 

plants were subjected to 2, 4, and 7 days of drought stress after the 

germination in turf.  
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1. MATERIAL AND METHOD 

1.1. Synthesis of biochar 

Dry pruning of the olive tree (Olea Europaea L.) were obtained free 

of charge from the local municipal waste management company of Greece 

and used as the raw material for biochar production. A purpose-made flame 

curtain pyrolysis kiln was constructed and used for the preparation of 

biochar. The pruning was randomly separated into 3 batches and flame-

curtain pyrolysis was carried out in triplicate. Each batch was pyrolyzed for 1 

h at 600 °C, as measured by thermocouples attached to the kiln. No external 

source of heating was required, and the process was self-sustained after the 

first pruning started to pyrolyze. After quenching with water, the biochar was 

air-dried for 96 h. The dried biochar was crushed and the 125-250 μm fraction 

was sieved and stored for further analyses. 

1.2. Synthesis of biochar-based hydrogel 

Sodium alginate/polyvinyl alcohol (SA/PVA) hydrogels were 

synthesized using the method by Feng et al. (2017). For the preparation of 

SA/PVA hydrogels, they were mixed in a magnetic stirrer at 25°C for 2 hours 

to obtain a homogeneous solution of 5% (w/v) SA and 2.5% (w/v) PVA. A 

certain amount of biochar (1%, 2%, 3% and 4%) were added to the obtained 

polymer solution to ensure a homogeneous distribution. To obtain the 

hydrogels, this homogeneous solution was dropped into a 5% (w/v) CaCl2 

solution, which is continuously stirred (100 rpm) in a magnetic stirrer. Next, 

the encapsulated hydrogels spheres were washed with distilled water to 

remove residual CaCl2 solution on their surface.  

1.3. Characterization of biochar and biochar-based hydrogel 

The chemical and physical properties of olive tree biochar were 

determined using analytical methods and also the Scanning Electron 

Microscopy (SEM) images of the biochar samples were taken. The chemical 

structure of synthesized BCH/SA/PVA hydrogels and biochar to be obtained 

from olive tree wastes will be examined by Fourier Transform Infrared 

(FTIR) Spectroscopy in the wavelength range of 4000-400 cm-1. Samples will 

be polished with analytical KBr prior to FTIR analyzes. SEM images of the 

synthesized hydrogel samples were taken. 
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1.4. Swelling Capacity of Biochar-Based Hydrogel 

The swelling capacity of the synthesized BCH/SA/PVA hydrogels 

were determined by the classical gravimetric method (Liu and Huang, 2016). 

For this purpose, the synthesized BCH/SA/PVA hydrogels were left to dry for 

2 days at room temperature to dehydrate. 0.2 g of the dried hydrogels were 

weighed and left in distilled water at room temperature for 4 days until 

equilibrium is reached. Swelling hydrogels were removed from the water and 

lightly dried with wet filter paper and weighed immediately. The equilibrium 

swelling ratio of the hydrogels were determined using the below formulation. 

𝐸𝑆𝑅(%) =
𝑊𝑠−𝑊𝑑

W𝑑
∗ 100  

 

Where; Ws and Wd are mass of the swollen and dry samples (g), 

respectively. 

The swelling-drying cycle of synthesized pure and biochar-based 

hydrogels were determined in three cycle. In the experiments the synthesized 

hydrogels were dried at room temperature for 2 days. Then, 0.2 g hydrogels 

were weighed and left in distilled water for 80 min, after that they were 

slightly dried with wet filter paper and weighed immediately. The weighed 

hydrogels were dried at 80 oC for 60 min. Thus, the first cycle was completed. 

These steps were realized for three times to complete the swelling-dried 

cycles. 

1.5. Plant Treatments 

1.5.1. Phytotoxicity Tests 

Phytotoxicity tests of synthesized BCH/SA/PVA hydrogels were 

performed on lettuce seeds. The germination test of lettuce was carried out 

according to Doğaroğlu (2019). Ten lettuce seeds were placed in petri dishes 

filled with 10 mL of distilled water (control) or water-saturated BCH/SA/PVA 

hydrogels. Petri dishes were incubated in the dark at 25°C for 14 days and 

then the number of germinated seeds were counted. 
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1.5.2. Pot Experiments 

The lettuce seeds were sown in pots which included 8 g turf (control), 

and 8 g turf + 0.5 g BCH/SA/PVA hydrogels which included different olive 

tree biochar (OTB) concentrations. The pots were irrigated every two days for 

the germination period (14 days). After this period, the plants were irrigated 

every 2, 4, and 7 days for 28 days to determine the effectiveness of hydrogels 

against to drought stress in plants. Plants height, dry and fresh weight, and 

chlorophyll content of 28 days old plants were determined. The chlorophyll 

content of plants was measured using Konica-Minolta SPAD-502 chlorophyll 

meter, and then plant root and shoot lengths were measured by removing the 

plants from the pots. Removed plants were weighed to determine the fresh 

weight and they were dried in an oven at 65 oC for 48h to determine dry 

weights. All treatments and measurements were conducted three replications. 

 

2. RESULTS AND DISCUSSIONS 

2.1. Characterization of Biochar and Biochar-Based Hydrogel 

Chemical and physical properties of olive tree biochar samples were 

determined and shown in Table 1. The pH and the electrical conductivity (EC) 

of the OTB samples were measured as 8.52 and 525 µS/cm, respectively. The 

OTB had ash content as 7.9 % and C content as 76.67 % (Table 1). These 

results similar with Sánchez-García et al. (2019). The authors characterized 22 

biochar samples and found that the pH changes in the range of 9.3-12.4, 

depending on the pyrolysis temperature. They indicated that when the 

pyrolysis temperature increases, the amount of C content and the relative ash 

content increases. Biochar has a high and constant C content, when the ash 

and volatile organic content are below 30% and 40%, respectively, according 

to the triangle diagram (volatile content (%)-constant C (%)-ash (%)). It is 

stated in the literature that it is possible to obtain high C content with 

pyrolysis at high temperatures (Sánchez-García et al. 2019). In this study, the 

C, H, N and O contents of the biochar obtained from olive tree pruning wastes 

were determined to be 75.67%, 1.65%, 0.80% and 12.98%, respectively. In 

addition, according to the results of BET surface area analysis, it was 

determined that the biochar samples had a surface area of 292 m2/g. 
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Table 1. Physical and Chemical Properties of Olive Tree Biochar 

 Olive tree biochar 

Yield after pyrolysis (%) 19 

pH 8.52 

EC (μS/cm) 525 

C (wt. %) 76.67 

H (wt. %) 1.65 

N (wt. %) 0.80 

O (wt. %) 12.98 

Ash content (wt. %) 7.9 

BET surface area (m
2

/g) 292 

 
The SEM images showed that the biochar particles were in different 

sizes and shapes, also had pores (Figure 1). It was observed that in the 

hydrogel images, biochar-based hydrogel had more wrinkles than pure 

hydrogel after dried in the oven. The biochar-based hydrogel had irregular 

protrusions, while the pure hydrogel had uniform and neat folds.  The biochar-

based hydrogel can absorb more water than pure hydrogel because of irregular 

surface morphology (Feng et al. 2017).    

 

Figure 1. SEM Images of a) Olive Tree Pruning Biochar, b) Biochar-Based Hydrogel, 

and c) Pure Hydrogel and FTIR Spectra of d) Olive Tree Pruning Biochar and e) 
Biochar-Based Hydrogel 
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In the single-bond region (2500-4000 cm-1) no bands were observed, 

specifically the O–H bond stretching vibration is completely absent. The same 

applies in the double- and triple-bond region, 2000-2500 and 1500-2000 cm-1, 

respectively. This phenomenon is probably due to the effect of washing the 

biochar with distilled water after its preparation. In the fingerprint region 

(500-1500 cm-1), a strong band at 1168 cm-1 can be observed. This may be 

attributed to the stretching vibrations of hydrogen-bonding C-OH group. The 

broad band at 790 cm-1 is probably due to the aromatic C-H out-of-plane 

bend, whereas the sharp band at 624 cm-1 corresponds to C-H bending of 

alkyne (Figure 1d) (Coates, 2000). In addition, the FTIR spectra of 

BCH/PVA/SA crosslinked with CaCl2 beads were analyzed (Figure 1e). FTIR 

spectrum of BCH/PVA/SA hydrogels showed the bands around 3288, 1591, 

1415, 1023, and 2939 cm−1 which are correspond to the stretching of −OH, 

−COO− (asymmetric), −COO− (symmetric), C−O−C, –CH stretching, 

respectively. By the way, the band at 814 cm-1 correspond to C-H bending 

which given by Sali et al. (2016).  These results were similar in the report of 

Sali et al. (2016) and Shivakumara and Demappa (2019). 

2.2. Swelling Capacity of Biochar-Based Hydrogel 

The most important property of hydrogels is that they can absorbed in 

hundreds of times more water than their own weight. Water management can 

be planned in agriculture by determining the water holding capacity. It was 

determined that the addition of biochar in hydrogel improved the water 

holding capacity (Figure 2). The maximum and the minimum swelling rate of 

hydrogel was observed in the 0.1 % OTB based hydrogel as 115.6 %, and 

pure hydrogel as 32.4 %, respectively. The water holding capacities of 

hydrogels vary according to the synthesis method, chemical composition, and 

polymer structure used. Besides that, the water absorption mechanism is 

similar in all hydrogels and is realized by taking water into the 3D network of 

hydrogels and loosening the polymer chains (Chen et al. 2009; Tomadoni et 

al. 2020) 
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Figure 2. Swelling Rate of Pure and Olive Tree Biochar-Based (OTB) Hydrogels 

In addition to the swelling rates in the use of hydrogels in agriculture, 

the swelling-drying cycle is also important (Durpekova et al. 2020). 

Therefore, in this study, the swelling-drying cycle of pure and biochar-based 

hydrogels was also evaluated. Accordingly, pure and bichar based hydrogels 

are swolled and dried 3 times (Figure 2). The swelling rate of pure hydrogels 

decreased by 37.3% after 3 cycles. Although, the maximum decrease among 

biochar-based hydrogel was 11.11% at a concentration of 0.5 % OTB, none of 

the biochar hydrogels suffered more swelling loss than pure hydrogels. Also, 

it was observed that all the hydrogels have 50% swelling ratio after third 

cycles.  Lv et al. (2019) realized ten times of swelling/deswelling cycles  and 

indicated that the PVA based hydrogels did not show any significantly 

decreases in pure water after at the end of cycles. Also, Durpekova et al. 

(2020) stated that the synthesized cellulose-based hydrogels have sustainable 

water holding capacity after the 5 drying and swelling cycle.  
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Figure 2. Swelling Rate of Biochar-Based Hydrogel at Different Concentrations in 

The First, Second and Third Cycle 
 

2.3. Plant Treatments 

2.3.1. Germination Tests 

In order to determine whether synthesized hydrogels have a 

phytotoxic effect on lettuce seeds, germination experiments were first carried 

out in petri dishes. It was determined that the lettuce seeds were not 

germinated 14 days after planting, except the control. Although, it was 

observed that the seeds were germinated late in the petri which include pure 

and biochar-based hydrogels compared to control (absence of hydrogels). 

However, germinated seeds in the presence of hydrogel, especially 0.1 % 

OTB-based hydrogels, even survived the 42 days after start of experiments 

(Figure 3). The germinated seeds in petri which include the control, 0.5%, and 

1% OTB-based hydrogels were died, while they were alive in the 0.25%, 

0.1% and pure hydrogels. It is thought that this is since the water release rate 

of pure, 0.1%, and 0.25% OTB-based hydrogels was slower than the other 

OTB-based hydrogels. Although 0.5% and 1% OTB-based hydrogels, which 

do not have any toxic effect on the plant, have an over water retention 

capacity, it was observed that they dry out faster, also Alburquerque et al. 

(2013) showed that the germination indices of lettuce treated with olive tree 

biochar in soil were above 60%. Thus, it was determined that the biochar 

application in soil or in hydrogel were not toxic for lettuce, however biochar 

in hydrogel caused late germination. 
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Figure 3. Germinated Seeds in Petri Dishes at The End of 42 Days After Start of 

Germination Experiments 
 

2.3.2. Pot experiments 

In the pot experiments, lettuce seeds were sown in 8 g turf at the 

absence or presence of hydrogels, in tree replicates. Seeds were germinated in 

the turf and the seedlings were irrigated with tap water every two days until 

the plants have 2-3 leaves. After the germination period, first set was irrigated 

every two days, second set was irrigated every four days, and third set was 

irrigated every seven days. Thus, the stress of drought in lettuce could be 

observed. Plants were grown in turf for 28 days after germination in turf, and 

the chlorophyll content, plant height, fresh and dry biomass were determined. 

Before the harvesting, chlorophyll content of plants was measured and given 

as SPAD Units in the Figure 4a. It is important to determine the factors that 

cause the change of the chlorophyll content to provide information in many 

different areas from plant health to stress factors. There was not any 

significantly change in the chlorophyll content of 2 days irrigated plants, so it 

was observed that the hydrogels did not effective in this watering set. On the 

other hand, the chlorophyll content of 4 days irrigated plants was decreased 

with the increasing OTB concentration in hydrogels. It is thought that the high 

biochar concentrations in hydrogels caused fast water release rate, so they 

dried earlier than lower biochar concentrations in hydrogels, as mentioned 

before in the 3.3.1 section. According to Kırnak and Demirtaş, (2002), the 

decrease in the amount of leaf water slows down the rate of chlorophyll 

synthesis as well as accelerates the breakdown of chlorophyll, but as in this 

study, there is not any significantly difference in short-term stresses. 

To determine the effectiveness of pure and OTB-based hydrogels on 

plant growth, the shoot and root lengths were measured. It was observed that 
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there were not any significantly changes in the shoot length of 2- and 4-days 

irrigated plants applied with pure and OTB-based hydrogels, compared to 

control. However, it was seemed that in Figure 4b, the shoot lengths of 

lettuce, irrigated 7 days, increased at the application of 0.1%- and 0.25%-

OTB-based hydrogels, compared to control. Although the frequency of 

irrigation has been reduced, it has been determined that the shoot lengths of 

these plants exposed to 7 days of irrigating are almost same to those of plants 

exposed to 2 and 4 days of irrigating.  

 

 
Figure 4. a) Chlorophyll Content, b) Shoot Length, c) Root Length, d) Dry 

Weight/Fresh Weight of Lettuce Treated With Pure and Different OTB-Based 

Hydrogel  

The root length of lettuce seedlings which irrigated 2 days increased 

with increasing amount of OTB in hydrogels, while there were no changes at 

4 days of irrigating (Figure 4c).  It was observed that the plants which 

irrigated 7 days, the root lengths increased with application of OTB-based 

hydrogels compared to control and pure hydrogels. The important differences 

in root length was determined at the 0.1%-, 0.25%-, and 0.5%-OTB-based 

hydrogels. It was determined that according to both root and shoot length 

measurements 0.1% and 0.25% OTB-based hydrogels applications were more 

effective than pure and 1% OTB-biochar hydrogels. Akhter et al. (2004) used 
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acrylamide and acrylic acid to synthesize of hydrogel and the authors stated 

that the addition of hydrogel in soil did not change the growth of chickpea 

seedlings while wheat and barley growth increased. Besides that, Nassaj-

Bokharaei et al. (2021) determined that the natural char nanocomposite-based 

hydrogel application increased root length and plant height of tomato plants 

under drought stress, but the authors indicated that if hydrogels are used 

correctly in the agriculture, the plant growth parameters can be improved. 

Drought stress causes deficient nutrient uptake by plants or reduce 

transportation of nutrients from soil to plants, so that carbon and dry matter 

stores are reduced in the plant exposed to drought stress. In these changes in 

the plant, plant type, soil type and stress level are the most important factors 

(Nassaj-Bokharaei et al. 2021). Therefore, in order to determine the stress 

effect on plants, fresh and dry biomass of plants was evaluated (Figure 4d). It 

was observed that the dry weight (D) and fresh weight (F) rate were positively 

affected from the presence of OTB-based hydrogels. The D/F rate has the 

highest value in the plants of 7 days irrigated. This can be explained as the 

plants in drought stress may be stored the nutrients, supported by water and 

carbon from OTB-based hydrogel. 

CONCLUSION 

In this study, sodium alginate and polyvinyl alcohol are the main 

polymers in the synthesized hydrogels. In this study, which evaluates 

agricultural wastes, it was determined that these polymers are non-toxic and 

should be added 0.1% olive tree biochar in order to provide a good swelling 

capacity in distilled water to synthesized hydrogels. Our results also showed 

that OTB-based hydrogel treatments delay lettuce seed germination, but for 

long periods of time germinated seeds can survive and have positive effects 

on seedling growth and the survival of seedlings under drought stress. These 

results confirm that the hydrogels which include at low concentrations of 

olive tree biochar can be used for water management in the agricultural 

irrigation.   
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INTRODUCTION 

Cardiovascular (heart and vascular) diseases are today's and 

developing leading causes of mortality (death) and morbidity (incapacity) in 

countries for a number of reasons. In addition, due to its direct or indirect 

costs, health plays a major role in spending. In many European countries in 

recent years, cardiovascular disease mortality rates are significantly lower. is 

doing. Although it has decreased, it still remains the most important cause of 

premature death in Europe. More than 80% of cardiovascular disease deaths 

occur in developing countries. It is estimated to occur (Narla et al. 2009, Uyar 

2009, Perk et al. 2012). In the decreasing trend of cardiovascular disease in 

developed countries, the behavior of society's conservation programs aimed at 

change has had an impact. Studies have shown that an unhealthy lifestyle and 

social environment are the basis of cardiovascular diseases. (Arıkan et al. 

2009). 

Cholesterol is divided into two types: Our health depends on the 

presence of benign cholesterol (HDL), which is important in the body and 

should have high levels. HDL helps excess cholesterol in our bodies reach the 

liver, where it is processed and excreted through the digestive system. HDL is 

known as "good cholesterol" because it slows blood circulation and eliminates 

cholesterol from the body that causes vascular blockage. On the other hand, 

malignant cholesterol (LDL) is a protein that is generated in the liver and 

carried through the bloodstream. LDL has various positive qualities in 

addition to being well-known. When LDL (Güven A., 2005), which transports 

antioxidants and amino acids to other cells, is detected in excess in the human 

body, it has a deleterious impact on the body. As a result, diagnosis and 

therapy are critical. Drugs like ezetimibe and simvastatin are used to treat the 

condition. As a result, atorvastatin and ezetimibe concentrations must be 

determined. UV spectroscopy data was used to make chemometric 

measurements of cholesterol medications in this research. 

1. MATERIALS AND METHODS

The treatment for cholesterol was applied and assessed in terms of 

UV/VIS spectrometry and chemometry in this study. Chemometric analysis 

was used to assess the results. The spectra of the ones that are generated 

individually (Figure 1.) were first taken, and then in varying proportions. 
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Finally, measurements of commercially purchased medication tablets were 

taken. The Minitab 17 program was used to perform the calculation (İnova 

Danışmanlık).

Ezetimibe

Atorvastatin 
Figure 1: Chemical structures of the drugs. 

The chemometric approach was used to evaluate the amount of 

ezetimibe and atorvastatin in cholesterol-lowering medications, with the 

spectrum values determined using the UV 1700 PHARMASPEC 

SHIMADZU spectrophotometer with a 1 cm long cell controlled by a 

computer. For spectrophotometric studies, stock solutions of ezetimibe and 

atorvastatin were produced at 25 mg/250 mL of 0.1 M HCl. A 0.1 M HCl 

solution was employed as the solvent in this experiment. To begin, 

spectrophotometric measurements were used to produce spectra of single 

taekva communities at various ratios at ezimibe and statin periods. 

Measurements were done on commercially obtained tablet samples as a final 

step. The results were analyzed using several chemometrics. The UV 

spectrophotometer instrument was initially calibrated (reset) in the first step. 

The calibration procedure was started by leaving two cells blank, which were 

made up of two light samples. The blind are always prepared in this manner in 

all readings. When choosing blind, it is preferable to be blind. The 

commercial tablet (Liptruzet) is assessed in the final step. When crushing 
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medicine samples, the agate air thins all of the pills in the package, allowing 

them to be screened. For use, a tablet is weighed, dissolved, and made fit for 

use. The chemometric approach was used to evaluate the amount of ezetimibe 

and atorvastatin in cholesterol-lowering medications, with the spectrum 

values determined using the UV 1700 PHARMASPEC SHIMADZU 

spectrophotometer with a 1 cm long cell controlled by a computer. 

 

2. RESULTS AND DISCUSSIONS  

Using methanol as a 25 mg/250 mL solvent, 100 g/mL (ppm) 

solutions of the active components of Atorvasatin and Ezetimibe were 

produced. The solutions for analyzing the spectroscopic characteristics of 

each individual substance were produced in the range of 5–25 g/mL for each 

substance in the next step. The wavelength (atorvastatin: 247nm; ezetimibe: 

231nm) at which the active components of atorvasatin and ezetimibe produce 

the most spectrum was determined. The link between absorbance and 

concentration was investigated, and the correlation coefficients (R2) values for 

atorvastatin and ezetimibe were determined to be 0.9998 and 0.9994, 

respectively. The regression coefficient (Miao, 2018) was close to one, 

confirming the linear connection between absorbance and concentration 

(Sharma, 2017). In the case of atorvastatin and ezetimibe, the absorbance 

value rises as the concentration was increased. In the range of 4–25 mg/mL, 

15 synthetic combination solutions were created from Atorvasatin and 

Ezetimibe (Table 1). 

 

Table 1: Calibration set containing ezetimibe and atorvastatin. 

No Ezetimibe 

mg/mL 

Atorvastatin 

mg/mL 

No Ezetimibe 

mg/mL 

Atorvastatin 

mg/mL 

1 5 5 9 25 10 

2 10 5 10 15 15 

3 15 5 11 20 15 

4 20 5 12 25 15 



40 Scientific Researches 2

5 25 5 13 25 20 

6 10 10 14 25 20 

7 15 10 15 25 25 

8 20 10 

UV spectroscopy was used to get the absorbance values of these 

combination solutions, and then the chemometry method was used to these 

results. Chemometric calculations are the most popular, rapid, and reliable 

methods for quantifying each component in multicomponent mixtures in 

recent years. When the relationship between absorbance and concentration is 

studied by the principal component regression approach, it is based on the 

premise of creating orthogonal lines by decomposition of the measured 

absorbance values for the concentration set. These resulting lines represent the 

calibration's coordinate order, and the computations are based on this 

precision (Dinç, 2009). 

2.1. Calculated Values by Principal Component Regression 

(PCR) 

     Table 2: Results calculated by principal component regression for each substance 

in the   mixture containing ezetimibe and atorvastatin. 

Ezetimibe 

Atorvastatin 

Mix 

Numbe

r 

Adde

d 

Founded % Recovery Adde

d 

Founde

d 

% Recovery 

1 5 4.98 99.6 5 4.56 91.2 

2 10 9.89 98.9 5 4.98 99.6 

3 15 14.56 97.07 5 4.85 97 

4 20 19.87 99.35 5 4.75 95 

5 25 23.99 95.96 10 9.96 99.6 
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6 10 9.98 99.8 10 9.97 99.7 

7 15 14.96 99.73 10 10.01 100.1 

8 20 20 100 10 9.97 99.7 

9 25 24.87 99.48 15 14.55 97 

10 15 14.98 99.87 15 14.42 96.13 

11 20 19.97 99.85 15 14.87 99.13 

12 25 25.03 100.12 20 19.96 99.8 

13 25 24.96 99.84 20 19.87 99.35 

14 25 24.97 99.88 25 24.63 98.52 

15 25 24.89 99.56 25 24.62 98.48 

   Mean= 99.27 

RSD=0.012 

  Mean=98.02 

RSD=0.03 

The criterion value F is greater than the calculated value of F is one of 

the characteristics used to assess the method's appropriateness. The P value 

for Pearson's correlation coefficient should likewise be greater than 0.05. 

These steps were used to examine the ANOVA data that had been calculated. 

To check the compatibility of principal component regression, the ANOVA 

test (Bajpai, 2017) was performed to the derived findings. For ezetimibe, the 

F criteria value was 4.20, whereas the F calculated value was 0.0033, with a P 

value of 0.95. For Atorvastatin, the F criteria value was 4.20, whereas the F 

calculated value was 0.0063; the P value was 0.94. 

Data with the Fewest Predicted Resudial Errors Some of the Squares 

PRESS were achieved by the use of PCR calibration for the measurement of 

chemicals in mixes containing the active compounds Atorvasatin and 

Ezetimibe. The closeness of the PRESS value to zero improves accuracy 

(Uyank, 2012). The PRESS values found are small enough. The standard error 

of calibration (SEC) and the square root of the mean squares of the estimation 

(RMSEC) were used to represent other parameters in the validation (Bilgili, 

2014). The parameters of limit of detection (LOD) and limit of detection 
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(LOQ) are related but have various definitions (Shrivasta, 2015). LOQ > LOD 

and LOQ = LOD were considered while evaluating the derived LOD values 

(Armbruster, 2008) (Table3.). 

Table 3: Principal Component Regression Validation Parameters 

PARAMETRER METHOD EZETIMIBE ATORVASTATIN 

SEC PCR 0.048 0.068 

PRESS PCR 0.085 0.076 

RMSEC PCR 0.075 0.071 

LOD PCR 0.639 0.326 

LOQ PCR 2.130 1.09 

2.2.  Application of the Principal Ingredient Regression 

Method to Commercial Pharmaceutical Tablets 

The chemometric methods employed in this study were applied 

to commercial medicine tablets in the last phase after verifying the 

applicability of the methods and the analytical control of the generated 

data (Table 4.). 

Table 4: Results in the drug sample 

Ezetimibe 

(gram) 

Atorvastatin 

(gram) 

NO PCR PCR 

1 
0.0096 0.011 

2 
0.0089 0.009 

3 

0.011 0.0088 
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4 

0.0095 0.01 

5 

0.0094 0.0095 

Mean 0.0097 0.0097 

Relative  

Standard 
Deviation 0.0008 0.0009 

It has been studied with a drug called Liptruzet. It contains 10 mg of 

ezetimibe and 10 mg of atorvastatin. 

3. CONCLUSIONS  

The measurement of the active components of atorvasatin and 

ezetimibe in mixtures containing these medications was achieved by 

combining UV spectroscopy data with chemometric programs. Both 

ingredients were used to make mixtures. Both approaches were evaluated, and 

the data's dependability was examined, before going on to commercial 

medicine tablets with these mixes. The recovery values were relatively high 

and the relative standard deviation values were achieved as adequately small 

values using both the principle component regression (PCR) approach. When 

the press, sec, rmsec, lod, and loq values calculated for the validity of the 

method were examined, it was observed that the lod values were smaller than 

the loq values. Other calculated parameters should be close to zero. Values 

close to zero were also observed in the data we calculated. The suitability of 

the methods applied before switching to commercial drug tablets was also 

checked. An ANOVA test was performed for this process. The F calculated 

values must be lower than the criteria or F theoretical values. The Pearson 

correlation coefficient, which is a P value, should also be greater than 0.05. It 

was decided that the calculated values and the methods were appropriate. The 

methods applied in this study can be applied to complex two-component drug 

mixtures.In the mixtures containing the active ingredients of atorvasatin and 

ezetimibe, the quantification of these substances was achieved by supporting 

the data obtained from UV spectroscopy with chemometric programs. 

Mixtures containing both substances were prepared. Before moving on to 
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commercial drug tablets with these mixtures, both methods were tested, and 

the reliability of the data was examined. When looking at the values 

calculated by the principal component regression (PCR), the recovery values 

were quite high and the relative standard deviation values were obtained as 

sufficiently small values. 
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1.INTRODUCTION 

The current century has witnessed unprecedented developments in 

many fields. One of these areas is the developments in the electronics 

industry. Especially with the development of nanotechnology, a unique 

miniaturization process has begun to be experienced in electronic 

applications. It is also quite clear that when compared to the technological 

innovations of human beings in other fields, electronics have made much 

more progress than these fields. From this point of view, this century can be 

called an electronic century. On the basis of this development, it can be said 

that the developed electronic materials have a great impact. One of them is the 

synthesis of materials with atomic-scale thickness, called 2D materials, and 

their use in applications. The most striking of these materials is graphene. 

Graphene is an electronic material that has found its place in many fields from 

energy to electronics with its unique electronic properties (Geim & 

Novoselov, 2007). Graphene is basically each of the vertically positioned and 

stacked layers of graphite connected by weak van der Waals forces. Many 

graphene production methods have been proposed since it was first 

synthesized (Akbar, Kolahdouz, Larimian, Radfar, & Radamson, 2015). Each 

of these methods has its own advantages and disadvantages. One of these 

methods is the production of graphene by electrochemical method, which is 

environmentally friendly, does not contain toxic gases and is a galvanic 

application (Fang, Lin, & Hu, 2019). Although this method is low in cost, it 

has specific usage areas such as supercapacitor, fuel cells, and quantum dots 

depending on the characteristics of the product produced (Danial et al., 2021). 

In this method, many inputs of the system determine the quality of graphene. 

Among them, there are parameters such as the characteristics of the carbon 

source used in the anode and cathode, the type of ionic solution used as the 

electrolyte, and the voltage/current applied to the system. Therefore, 

investigating the effects of these inputs in graphene synthesis still remains a 

hot topic. 

According to the literature, there are many studies on the effect of 

system parameters on graphene synthesis by electrochemical method. 

However, very few of these studies include investigating the effect of 

application inputs such as high voltage/power. When the literature is 

examined, it has been reported that a voltage of around 10 volts is applied to 
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produce graphene by electrochemical method. Few of these are on high 

voltage and power application. Gurzeda et al. designed an experiment for the 

synthesis of graphene oxide by electrochemical method with a two-stage 

study. They first investigated the oxidation level of different electrical powers. 

They reported that high electrical power plays a role in the oxidation of 

graphene (Gurzęda et al., 2020). Zhou et al. investigated the production of 

graphene by novel electrochemical exfoliation at the Air-electrolyte interface. 

For this they applied 30V to the experimental system. As a result, they 

showed that it is possible to produce high-quality graphene with this method 

(Zhou, Lu, & Xu, 2019). Ejigu et al. reported that a study was conducted to 

investigate the antioxidant function of some transition metal salts and to 

determine their effect on graphene production by electrochemical method. For 

this, they applied a voltage of 20 volts to the system in which various 

transition metal salts were present in the electrolyte. They explained that they 

synthesized high-quality, oxygen-free graphene by inhibiting the oxidation of 

transition metal ions in graphene (Ejigu et al., 2018). Najafabadi et al. 

presented a new electrochemical method for making ultrathin graphene from 

graphite electrodes. For this, they applied a voltage of 20 volts to the 

experimental system containing an electrolyte containing acetonitrile. They 

explained that as a result, ultrathin-layer graphene was produced (Najafabadi 

& Gyenge, 2015).  

In this study, graphene nanosheets have been obtained by the 

electrochemical exfoliation method by applying high electrical power. X-ray 

diffractometer and Raman spectroscopy were used for the structural 

investigations of these produced materials. The obtained results were 

discussed and compared with the literature. 

 

2. EXPERIMENTAL STUDIES 

The Experimental setup in Figure 1 was used for the production of 

graphene by the electrochemical method. A pure graphite rod was used as the 

anode and a pure platinum was used as the cathode. The anode and the 

cathode were placed in the liquid electrolyte in such a way that they are 6 cm 

opposite each other.  



 
 51 

 

Figure 1. Experimental setup 

0,5M H2SO4 solution was used as the liquid electrolyte for the 

electrochemical process. Then, a current of 20 volts and 1.2 ampere (24 W) 

was applied to the polars with DC Power Supply. The color of the liquid 

began to take on a dark color due to the graphene/graphite particles that were 

exfoliated with the applied voltage. It was determined that some graphitic 

pieces collapsed to the bottom. The part floating in the electrolyte was 

collected by the filter and dried in the drying oven at 75o for 6 hours and was 

ready for characterization. X-ray diffraction patterns of graphite and graphene 

nano parts were made using a Panalitic empirical X-Ray diffraction device 

with a monochromatic CuKα laser source (X-ray tube power: 4 kW, tube 

voltage: 15-60 kV, tube current: 5 - 60 mA). The structural analysis scan was 

performed at a 5o-60o (2θ) angle with an increase of 0.013o. Raman spectra 

were obtained with a CCD camera as well as a Reinshow Invia device 

equipped with a Leica microscope furnished with various lenses, 

monochromators and filters. A silicon standard sample (520 cm-1) was used as 

a reference for calibration. Spectra were obtained by stimulating with green 

laser light (532 nm) with 150 to 3500 cm-1. 
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3. RESULTS AND DISCUSSION  

The X-ray diffractometer (XRD) is used to characterize and 

investigate the arrangement of atoms in the unit cell, the position of the atoms, 

and the atom spacing angles due to the comparative wavelength of the x-ray 

with respect to the atomic size (Pappas, 2006).  
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Figure 2. XRD diffraction pattern of graphite and graphene nanosheets 

As a non-destructive technique, x-ray diffraction has a wide spectrum 

of material analysis, from minerals to ceramics, plastics, semiconductors, and 

solar cells (Guma, Madakson, Yawas, & Aku, 2012). The XRD patterns of the 

pure graphite used as the anode in the electrochemical process and the 

material produced are shown in Figure 2. Accordingly, a very sharp and 

intense peak can be seen at 26.52 degrees in Graphite. This peak corresponds 

to the 0 0 2 reflection plane corresponding to the characteristic peak of 

graphite. This indicates that graphite's crystal structure is due to an ordered 

group of atoms arranged very tightly in a particular direction (Gurzęda et al., 
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2020).  However, it can be seen that the 0 0 2 reflection plane peak of the 

material produced together with the 24 W power applied to the anode is 

considerably reduced relative to the same plane of graphite. This may indicate 

the effective reduction in the number of layers stacked in a particular 

direction. To explain this, it is necessary to look at the basis of the XRD 

technique. According to Figure 2, the Y-axis shows the energy of the photons 

that the x-ray hits the crystal lattice of the sample and is re-emitted. Therefore, 

an intense backscattering is measured in the direction of the 0 0 2 plane due to 

the dense regular atomic structure of the graphite lattice, while it can be seen 

that this density is considerably reduced in the produced material. 
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Figure 3. XRD diffraction pattern of graphene nanosheets 

It could be said that this indicates a very low layer thickness due to 

the reduction of regular atomic groups in that direction. However, the 

presence of the 0 0 2 peaks still indicates the crystalline structure of the 

material that was broken down as a result of exfoliation. With these two 

interpretations, it could be said that the produced material turns into graphene 
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nanosheets. This peak can be seen better in Figure 3. Again, if Figure 3 is 

examined carefully; It can be observed that the 0 0 2 plane reflection angle of 

the produced material shifts to lower angles than the graphite reflection angle. 

This situation can be seen better in Figure 4. Accordingly, the 0 02 plane 

reflection angle of graphite has shifted from 26.52o to 25.20o. This means that 

the interlayer spacing, which was calculated as 0.334 nm depending on 

Bragg's law (nλ = 2dSinθ), increased to 0.353 nm in the produced material. 

The increase in the spacing between the layers is accepted as one of the most 

important signs of the conversion from graphite to graphene in the literature 

(Sumari, Roesyadi, & Sumarno, 2013).  
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Figure 4. 0 0 2 plane Peaks of graphite and graphene nanosheets 

In the literature, Sahoo et al. reported that the 0 0 2 plane peak of the 

graphene nanosheets was obtained as a result of applying a lower 10 volts to a 

graphite rod by using 0.5M sulfuric acid electrolytic, shifted by 25.39o (Sahoo 

& Mallik, 2015). In fact, there are reports in the literature stating that 

graphene nanosheets are obtained as a result of much lower voltage 
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applications (Sahoo, Ratha, Rout, & Mallik, 2016). On the other hand, the 

reason for the increase in the interlayer spacing value may be the decrease in 

the stress created by the dense atomic structure in the graphite crystal due to 

the decrease in the number of layers during the exfoliation process. Raman 

Spectroscopy has a very important place in the structural research of materials 

consisting of carbon atoms. Carbon-based materials usually have three basic 

peaks. The peak, which appears around 1350 cm-1 and is called the D peak, is 

sensitive to structural defects. The peak that appears around 1580 cm-1 and 

called the G peak indicates regular atomic structure, while the 2D peak around 

2700 cm-1 is sensitive only to the layer thickness (Ferrari et al., 2006). 

 

Figure 5. Raman spectrum of graphene nanosheets 

The Raman spectrum of the produced material is shown in Figure 5. 

Accordingly, the peak observed at 1356 cm-1 indicates that there is a serious 

structural defect in the structure. This may be due to the high electrical power 

applied to the system to produce the graphene nanosheets. This may have 

caused strong oxidation of the anode. This may have damaged the structure of 

graphene by molecules containing oxygen entering the structure or leaving the 

structure for a certain period of time. Sahoo et al., on the other hand, reported 

that graphene produced at lower voltages (10V) was less damaged in their 

study under experimental conditions similar to the scope of this study (Sahoo 

& Mallik, 2015). On the other hand, the G peak observed at 1610 cm-1 shows 

that the productions are still in crystalline form. The 2D peak seen at 2694 cm-

1 shows a symmetrical appearance, although its intensity is low. In the 

literature, the number of layers of graphene has been tried to be determined by 
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many methods, from the location of the 2D peak to its appearance, its density, 

and its separation into its constituent components. However, although the 

symmetrical appearance of the 2D peak indicates around 2 or 3 layers, it is 

necessary to use different characterizations to determine the graphene layer 

(Ferrari, 2007). Unfortunately, it is very difficult to separate graphite and 

graphene in the Raman technique (Abdelkader, Cooper, Dryfe, & Kinloch, 

2015). The peak at 1049 cm-1 is active due to the amorphous structure of the 

part in graphene, while the peak at 2958cm-1 is known as the D+G peak and is 

active in severe structural disorders (Bico, Tordeux, & Quéré, 2001; Wang, 

Alsmeyer, & McCreery, 1990). The Raman results show that despite the 

successful production of graphene, there is too much damage to its structure. 

 

4. CONCLUSION 

With the anodic electrochemical exfoliation method, a power such as 

24W, which can be considered high according to the literature, was applied to 

the pure carbon rod placed in the anode, and the structural characterization of 

the produced material was carried out using x-ray diffraction diffractometer 

and Raman spectroscopy. While XRD results indicate a crystalline structure 

and low-layered of material, Raman results confirmed the crystalline structure 

and showed that the structure was seriously damaged during processing. 

When both results are evaluated together, it was determined that although 

high power was successful in opening the layers, it caused structural damage 

to the product. In addition, it was understood that the produced material was 

graphene nanosheets containing a serious amount of damaged structure. This 

shows that a serious optimization (for quality graphene with a lower layer and 

much less defects) should be carried out, especially for the productions made 

with this method. Graphene nanosheets produced by these techniques are 

important electronic materials and are promising in applications such as 

supercapacitor and fuel cells. 
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INTRODUCTION 

The Hyperpolarization techniques enable the enhancement of Nuclear 

Magnetic Resonance NMR signals up to a few orders of magnitude, which 

will allow the investigation of many processes by NMR that are not currently 

possible. One of the most important hyperpolarization techniques is Dynamic 

Nuclear Polarization (DNP). Both the liquid state DNP and solid-state DNP 

are in a stage of rapid development. DNP is an effective method to obtain 

great nuclear spin polarization and enhancing the polarization of nuclear spins 

in the vicinity of unpaired electrons. (Biller, Stupic, & Moreland, 2018; 

Wenckebach, 2021). During DNP, NMR signals are enhanced by way of a 

microwave (MW) irradiation induced polarization transfer from the electron 

spins to the nuclear spins in a specimen (Banerjee, Shimon, Feintuch, Vega & 

Goldfarb, 2013; Corzilius, 2020). 

In 1953, Overhauser was the first to propose this method, using the 

DNP method for the first time to polarize nuclear spins in metals (Overhauser, 

1953; Steiner, Hautle & Wenckebach, 2021; Wenckebach, 2021). It was first 

developed to study the role of spin in high-energy physics (Niinikoski, 2020) 

and dipolar ordering of nuclear spins more recently. It later activated 

enhancements of sensitivity in NMR (Atsarkin & Kockenberger, 2012).  

The liquid state Overhauser DNP (ODNP) operation permit target 

molecules to be hyperpolarized straight in solution (Dai et al., 2021; 

Overhauser, 1953; Hausser & Stehlik, 1968). While early studies used the 

conduction electrons of metals, modern studies use stable free radicals such as 

nitroxide (Ardenkjaer-Larsen et al., 2019).  

Lately, DNP has been experiencing steady icrease, including current 

experimental technique. Therefore, DNP technique may enable new 

implementations of DNP spanning across materials science, chemistry, 

medicine and, significantly, structural biology fields (Doll et al., 2012; Biller, 

Barnes & Hanb, 2018; Franck &Han, 2019; Jaudzems et al., 2019; Keller & 

Maly, 2021; Nevzorov, Marek, Milikisiyants & Smirnov, 2021; Wenckebach, 

2021). Especially it can be used in clinical imaging (Nelson et al., 2008), 

hyperpolarization (Johansson et al., 2004; Ardenkjaer‐Larsen et al., 2019) and 

particle physics (Goertz, Meyer & Reicherz, 2002; Bunyatova, 2004;).  

 



 

62 Scientific Researches 2 

In many DNP applications, the unpaired electron spins are presented 

such as paramagnetic radicals (Dai et al., 2021). Nitroxide radicals can be 

used as a polarizing agent for DNP to enhance NMR signals (Marko, Sojka, 

Laguta & Neugebauer, 2021; McCoy, Rogawski, Stovicek & McDermott, 

2019). 

1. MATERIALS AND EQUIPMENT  

The stable nitroxide radical as 2,2,6,6-tetramethyl-1-piperidinyloxy 

(TEMPO) and solvent were purchased from Aldrich Chemical Co. (USA). 

The CAS number of the TEMPO 2564-83-2. The solvent was 4-

fluorobenzylamine (4FBA). The main properties of 4FBA are given in Table 

1 and of structural view in Figure 1. The molecular structure of the selected 

free radical is shown in Figure 2. 

 

Table 1: CAS number of 4-fluorobenzylamine (4FBA) and basic constants. 

Solvent 
CAS 

Number 

Purity 

≥ 

Molecular 

Weight 

(g mol-1) 

Boiling 

Point 

(°C) 

Density 

(g cm-3) 

NMR 

Sensitivity 

(x1022 

spin/cm3) 

4-

fluorobenzyl 

amine 

(4FBA) 

(C7H8FN) 

140-75-0 % 97 125.15 183 1.095  4.23 

 

 
Figure 1: Structural View of 4-fluorobenzylamine (C7H8FN) (green color “fluorine”; 

blue color “nitrogen”; white color “hydrogen” and grey color “carbon”). 

 



 
 63 

 
 

Figure 2: 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) (van der Waals spheres) 

with nearby structural view of molecule (balls and sticks). Here, red represents 

oxygen, blue nitrogen, white hydrogen, and grey represents carbon. 

TEMPO, fundamental radical, present a well known class of stable 

nitroxide applied in different areas. A piperidine-based molecule is a 

commonly used type of nitroxide ring structure (Armstrong, Soto, Shea & 

Han, 2009). Nitroxides are stable organic radicals with an unpaired electron 

delocalised between the nitrogen and oxygen atom and they can attached to 

large macromolecules (Ionita, Madalan, Andrei, Medvedovici & Ionita, 

2015). 

DNP theory and applications for liquid states are existing in the 

literature (Kirimli, 2017; Hausser & Stehlik, 1968). DNP measurements were 

done at 1.53 mT fixed magnetic field NMR spectrometer. The spectrometer is 

hand-built and has a resonance frequency of 61.2 kHz for protons and 43 

MHz for electrons. Details of weak-field double resonance NMR 

spectrometry have been given in previous articles (Akay & Yalciner, 1995; 

Kirimli & Peksoz, 2011).  

The solutions were prepared as 15, 30 and 60 mM. For each 

concentration, TEMPO radical was first weighted and dissolved in 4-

fluorobenzylamine. The sample volumes were 6.5 cm3. Then the prepared 

samples were placed in Pyrex tubes of 18 mm diameter. 

The presence of oxygen affects the enhancement factor. Degassing 

treatment should be performed in order to minimize the interactions with air 

molecules, to saturate the EPR line easily and to ensure the long life of the 

sample. Degassing process was performed in Leybold-Heraeus vacuum 

system at 7.0 x 10 -4 Pa pressure value.  
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2. RESULTS  

2.1. EPR spectrum 

The EPR spectrum of radical is required to calculate the DNP 

parameters in a given magnetic field. The EPR spectrum of the 

TEMPO/4FBA was sighted as a single Gaussian which is created by the 

superposition of several Lorentzians.  

In order to performed DNP measurements and determine DNP 

parameters, saturation experiments were carried out at 43 MHz, the peak 

value of a single Gaussian. Figure 3 presents the EPR spectrum of TEMPO in 

4FBA solvent at 15 mM concentrations at room temperature. The Gaussian fit 

function was applied to the empirical points (Figure 3). The fitted Gaussian 

equation is as follows: 

 y = A 𝑒−(𝑥−�̅�)2/2𝜎2
  .      (1) 

where y = - (PDNP-PTP)/PTP is the enhancement factor, x = f (MHz) is 

the EPR frequency, x̅ is the EPR frequency equaled to the peak point of the 

Gaussian, and σ is the standard deviation. Thermal equilibrium and dynamic 

polarizations for PDNP and PTP nuclear spins, respectively. The peak value of y 

is A at x = x ̅. For all the specimens, the obtained Gaussian parameters for 15 

mM concentration the sample are tabulated in Table 2. 
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Figure 3: EPR spectrum of the 4-fluorobenzylamine solvent with the nitroxide free 

radical for 15 mM concentrations at room temperature. It is a single Gaussian curve 

with a peak frequency of 43 MHz fitted curve. 

 

Table 2: Gaussian parameters obtained for 15 mM concentration of TEMPO/4FBA 

sample at room temperature. 

Samples A x
  R2 

TEMPO/4-fluorobenzylamine 0.851 42.837 6.202 0.964 

 

2.2 DNP parameters (E∞, Eend, U∞, , s and K) 

The DNP enhancement by OE is given by (Hausser & Stehlik, 1968; 

Müller-Warmuth & Meise-Gresch, 1983; Franck et al., 2013; Ravera, 

Luchinat & Parigi, 2016; Gizatullin, Mattea & Stapf, 2019)  

  E =
𝑃𝐷𝑁𝑃

𝑃𝑇𝑃
= 1 − 𝑓𝑠 |

𝛾𝑒

𝛾𝑛
|    (2) 

where, γe and γn, are the gyromagnetic ratios of the electron and 

nuclear spins (for 1H; |γe/γn| = 658), respectively. The three parameters , f and 

s in the right-hand side of Equation (2) are the coupling, leakage and 

saturation factors, respectively. When saturation of electron levels is at full 

the leakage factor f, saturation factor s, becomes equal to 1. That is, the 

saturation factor s defines the efficiency of MW radiation. A positive 
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enhancement is referred to the scalar interaction displacement with a 

maximum value of  = -1, while the dipolar coupling limit approaches  = 0.5 

with a corresponding negative net increase. The  values obtained vary 

between the limit values of +0.5 and -1. However, in real systems both 

additives may be present (Gizatullin, Mattea & Stapf, 2019). 

The enhancement factor for infinite EPR power when saturation is 

performed is present as: 

 (
PDNP−PTP

PTP
)

s→1

−1

= − (f |
γe

γn
|)

−1

= E∞
−1 ,  (3) 

and thus the ultimate enhancement factor for infinite concentration

 (E∞
−1)f→1,c→∞ → (− |

γe

γn
|)

−1

= U∞
−1  (4) 

is obtained. As |γS/γI|=+658 for proton,  determines the nuclear-

electron interaction and given as 

  =  −
U∞

658
 .      (5) 

K is the parameter for the relative importance of scalar coupling. 

Since  is an experimentally obtainable, the parameter K can be easily 

calculated. 

 K =
1−2 

1+ 
      (6) 

DNP studies are based on pure and double resonance NMR signal 

intensities (PTP and PDNP). As seen in Figure 4, the signals are taken as the 

derivative of the central band. PTP was measured four times for each sample 

and PDNP values were obtained from six various EPR powers to saturate the 

ESR. PTP and PDNP values are calculated by taking the peak-to-peak values of 

the derivative curve of the central band of each signal. Figure 4 shows an 

example of DNP experiment performed on 4FBA. A concentration of 60 mM 

was created by doping 4FBA with the stable radical TEMPO. The spectra 

were obtained in a field of 1.53 mT, with and without DNP. The irradiation 

EPR voltage has 90 V amplitude and 43 MHz frequency. PTP, pure 1H-DNP 

signal (Figure 4a) and PDNP double resonance 1H-DNP sinyal (Figure 4b) were 
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holded at the room temperature. A signal enhancement of approximately four 

times was observed. 

 

a)  b)  

Figure 4: 1H NMR signal of TEMPO/4FBA solution (a) PTP, Pure NMR signal 

(without DNP); EPR voltage: 0 (EPR power is off.) (b) PDNP, enhanced NMR signal 

(with DNP); EPR voltage: 90 V (EPR power is on) 

For each sample, E∞ values were determined by extrapolating from 

the optimal fit lines drawn by obtaining the inverse of the enhancement 

factors. As well inverse of the enhancement factors are as a function of the 

inverse of the square of the high frequency voltage, which is scaled to the 

inverse of the ESR power. 

E∞
-1 values correspond to the crossing points of the extrapolated fit 

lines passing through the experimentally obtained points with the Veff
-2=0 line 

(Figure 5). When the ESR power is taken to infinity, it is in a state of full 

saturation. Here Veff represents the high frequency voltage across the ESR 

coil. 

 

PTP PDNP 
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Figure 5: Obtaining E∞ in solutions of TEMPO with a concentration of 15, 30 and 60 

mM in 4-fluorobenzylamine solvent medium. R2 values show the degree of agreement 

of the linear fit line and the experiment points.  

 

The U∞
−1 value correspond to the crossing points of the c-1 = 0 line 

and the extrapolated best-fit lines (Figure 6). After the determination U∞,  

value calculated from Equation (5) and K value can be found by Equation (6). 

The DNP parameters obtained for the TEMPO/4FBA sample, E∞, Eend, , s 

(Eend/ E∞), K are presented in Table 3. As seen in Table 3, the E∞ values vary 

between 0.59 and 3.79. ESR saturation experiments were performed at an 

average value of 52 %. We calculated the  value of our sample as 0.012, 

which shows us that the interaction is dipolar. 
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Figure 6: For TEMPO/4-Fluorobenzylamine, it is seen that the U∞, the ultimate 

enhancement factor for infinite concentration. 

 
Table 3. DNP parameters for TEMPO/4-fluorobenzylamine solutions. 

 c (mM) E∞ Eend -U∞  s K 

TEMPO/ 

4-fluorobenzylamine 

15 0.59 0.32   0.542  

30 1.12 0.57 7.79 0.012 0.509 0.965 

60 3.79 1.94   0.512  

 

In the literature, we see that 1H-DNP studies for nitroxides and 

protons in liquids such as acetone (Küçük, Neugebauer, Prisner & Sezer, 

2015), toluene (Sezer, 2013) and water (Nicholson, Lurie & Robb, 1994) are 

also the dipolar interaction dominates (Keller, Laut, Sirigiri & Maly, 2020; 

Prisner, Denysenkov & Sezer, 2016).  values were positive in the DNP 

studies of TEMPO in acetic acid and in hydroxyl done by Müller-Warmuth et 

al., (Müller-Warmuth, Öztekin, Vilhjalmsson & Yalciner, 1970). In a similar 

study, Frank et al. (Franck, Pavlova, Scott & Han, 2013) calculated the  to be 

0.27 for TEMPO in water at room temperature. In addition, DNP 

enhancements in solutions such as water, toluene and chloroform with 
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-500

0

500

1000

1500

2000

0 20 40 60 80

(x
1
0

-3
) 

  

c-1 (M-1)

A
-1



 

70 Scientific Researches 2 

different nitroxide polarizers were investigated by Höfer et al. (Höfer et al., 

2008) and Leiven et al. (Levien, Hiller, Tkach, Bennati & Orlando, 2020).  

In 4-fluorobenzylamine, -NH2 and -F are attached to the aromatic 

ring. The most reactive element is fluorine. Interestingly, an amine group (-

NH2) strongly increases the reactivity of the aromatic ring to which it is 

attached, due to its electron donor property. In the end, the reason why we 

couldn't get a larger  value might be the reactivity of the 4FBA solvent. 
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CONCLUSIONS  

In recent years, Dynamic nuclear polarization (DNP) has recently 

become one of the base research areas in magnetic resonance spectroscopy. In 

this study we have reviewed 1H-DNP experiments were carried out to 

investigate solutions of TEMPO free radical in 4-fluorobenzylamine (4FBA) 

solvent at 1.53 mT. We observed a single Gaussian peak in TEMPO's EPR 

spectrum at 43 MHz. ODNP studies in liquid state and results obtained have 

been briefly summarized throughout this chapter 

The unpaired electron spin density is usually localized in a NO-group 

in free radical molecules. In such a situation, DNP studies present a new and 

efficient process of obtaining information on the formation of different 

solvent complexes. The  value ranges from -1 to +0.5, depending on the type 

of interaction. That is, it varies from -1 in the pure scalar state to +0.5 in the 

pure dipolar state. The results of our studies and the calculated DNP 

parameters between the nuclear spin and the electron spin, indicate dipolar 

interactions occur for TEMPO/4FBA samples. Especially the coupling 

parameter  gives information about interactions and depends on the 

dynamics of the electron–nuclear spin system and supports the investigation 

of the effects of molecular dynamics on the DNP enhancement. This 

conclusion is also supported by the parameter K. TEMPO radicals appear to 

be a good polarizing agent for 1HDNP studies and will remain popular for 

applications in other research branches in the future.  
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INTRODUCTION 

Quaternions and octonions were first defined by Sir William R. 

Hamilton in 1843 and Cayley Dickson in 1845. After these definitions, many 

authors have studied the types of quaternions and octonions. Akyiğit et. al. 

(Akyiğit.2013, Akyiğit.2014) gave split Fibonacci quaternions and 

generalized Fibonacci quaternions, Kecilioglu and Akkus (Keçilioğlu.2015, 

Akkus.2015) also gave Fibonacci octonions and split Fibonacci and Lucas 

octonions with their Binet’s formulas. Halici (Halici.2015) worked on dual 

Fibonacci octonions and obtained the Binet’s formula with their generator 

function. Bilgici at. al. introduced generalized Fibonacci and Lucas octonions 

and gave many identities related to them (Bilgici.2018).  

Horadam (Horadam.1963) introduced Fibonacci and Lucas 

quaternions as follows; 

1 1 2 2 3 3n n n n nQ F F e F e F e+ + += + + +  

and 

1 1 2 2 3 3n n n n nP L L e L e L e+ + += + + +  

where nF  and nL  are n-th Fibonacci and n-th Lucas numbers, 

respectively. 

Akkus and Kecilioglu (Keçilioğlu.2015) also defined Fibonacci and 

Lucas octonions as follows; 

7

0

n n s s

s

Q F e+

=

=  

and 

7

0

n n s s

s

T L e+

=

=  

where nF  is the n-th Fibonacci and nL  is the n-th Lucas numbers. 

The octonions constitute the largest normed division algebra over the 

real numbers and it is shown with the letter  . The octonions have eight 

dimensions and they are alternative, flexible, power-associative, non-

commutative and non-associative. If we take 1a b c= = =  in the generalized 
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octonion multiplication table in (Bilgici.2018), we get the following octonion 

table. 

Table 1: Multiplication Table of Octonions 

 

Many researchers studied on generalizations of Fibonacci and Lucas 

quaternions and octonions (Flaut.2013, Halici.2012, Iakin.1977, Swamy.1973, 

Savin.2015). 

Szynal-Liana and Wloch (Szynal-Liana.2016) defined nJQ  

Jacobsthal and nJLQ  Jacobsthal-Lucas quaternions and gave them as follows, 

respectively; 

1 1 2 2 3 3n n n n nJQ J J e J e J e+ + += + + +  

and 

1 1 2 2 3 3n n n n nJLQ j j e j e j e+ + += + + +  

where  0 1 2 31, , ,e e i e j e k     is a basis of 4-dimensional 

IR  vector space, nJ  is the n-th Jacobsthal and nj  is the n-th Jacobsthal-

Lucas numbers. 

Aydin and Yüce (Aydin.2017) gave many properties of Jacobsthal 

quaternions with a new approach and obtained Binet’s formulas and Cassini’s 

identities for these quaternions. Also, Aydin (Aydin.2018) investigated 

generalized Jacobsthal, complex Jacobsthal and dual Jacobsthal sequences 
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using Jacobsthal numbers. Yasarsoy (Yasarsoy.2018) derived new and 

interesting properties for the Jacobsthal quaternion and Jacobsthal-Lucas 

quaternion and for these octonions. In addition, they introduced k-Jacobsthal 

and k-Jacobsthal-Lucas octonions. Tasci (Tasci.2017) generalized Jacobsthal 

and Jacobsthal-Lucas quaternions to k-Jacobsthal and k-Jacobsthal-Lucas 

quaternions.  

Cimen and İpek (Cimen.2017) defined Jacobsthal and Jacobsthal-

Lucas octonions with nJ  and nj  are n-th Jacobsthal and n-th Jacobsthal-

Lucas numbers, respectively, as follows; 

7

0

ˆ
n n s s

s

J J e+

=

=  

and 

7

0

ˆ
n n s s

s

j j e+

=

= . 

They also gave conjugate, norm, some basic identities and Binet 

formulas for these octonions. 

In this paper, based on works of Horadam, Kecilioglu and Akkus, 

Bilgici at. al., and Cimen and İpek, we study the Jacobsthal and Jacobsthal-

Lucas octonions over the algebra ( ), ,a b c . Furthermore, we give Catalan’s 

identitiy, Cassini’s identity, d’Ocagne’s identity, some properties and Vajda 

theorems for Jacobsthal and Jacobsthal-Lucas octonions. 

 

1. BINET FORMULAS FOR JACOBSTHAL AND 

JACOBSTHAL-LUCAS OCTONIONS 

In this part, we give Binet formulas for the n-th Jacobsthal octonion 

nJO  and the n-th Jacobsthal-Lucas octonion nJLO . We obtain Catalan’s, 

Cassini’s and d’Ocagne’s identities for Jacobsthal and Jacobsthal-Lucas 

octonions using the Binet formulas.  
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Theorem 1. Let 0n   be integer, n-th Jacobsthal octonion is 

                                       
n n

nJO
   

 

 −
=

−
                                        (1) 

and n-th Jacobsthal-Lucas octonion is 

                                      n n

nJLO     = +                                         (2) 

where 
7

0

2, 1, s

s

s

e   
=

= = − =  and 
7

0

s

s

s

e 
=

 = . 

Proof. The n-th Jacobsthal octonion nJO  is 

                                      
7

0

n n s s

s

JO J e+

=

=                                             (3) 

and the n-th Jacobsthal-Lucas octonion nJLO  is 

                                     
7

0

n n s s

s

JLO JL e+

=

=                                          (4) 

where nJ  is the n-th Jacobsthal number and nJL  is the n-th Jacobsthal-

Lucas number. Considering the following for equation (3) 

( )
7

1 1

0

n n n s n s s

s

JO JO J J e − + + −

=

+ = + . 

 With the help of the identity 
1

n

n nJ J  −= + , we get 

                             
1

n

n nJO JO  −
+ = .                                              (5) 

Similarly, using the identity 
1

n

n nJ J  −= + , we have 

                              
1

n

n nJO JO  −
+ = .                                            (6) 

From the equations (5) and (6) 

n n

nJO
   

 

 −
=

−
 

is obtained. By using similar method, we get equation (2). 
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Now we give some useful identities that we require and play very 

important roles in this paper for calculations. 

Lemma 2. We have following 

                            ( )2

1 0 2 03JLO JO   = + + + ,                               (7) 

                            ( )2

1 0 2 03JLO JO   = + − + ,                               (8) 

                            085 6JLO    = + + ,                                            (9) 

                            085 6JLO    = + −                                            (10) 

 

 

 

where  

1

2

1 2 3 4 5 6 7

21853
,

2

7277
,

2

22 7 39 15 37 15 13 .e e e e e e e







= −

= −

= + − − + + −

 

Proof. Using the multiplication table for the basis of ( ), ,a b c  and 

when we take 1a b c= = =  in the generalized octonion multiplication 

table in (Bilgici.2018), we get 

7 7
2

0 0

s s

s s

s s

e e  
= =

  
 =   
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)

( )

0

0

1 0 2 0

5 17 65 257 1025 4097 16385
1

2 2 2 2 2 2 2

1 5 21 85 341 1365 5461
3

2 2 2 2 2 2 2

3

a b ab c ac bc abc

JLO a b ab c ac bc abc

JO

JLO JO 

= − − − − − − − −


+ + − − − − − −



+

= + + +

 

and similarly 

7 7

0 0

s s

s s

s s

e e   
= =

  
  =   

  
   

       
( ) ( )

( )

0

1 2 3

4 5 6 7

0

128 8 32 64 2 4 16 1

6 2 16 4 16 8 39

5 4 2 37 15 13

85 6

abc ab ac c a b c JLO

bc b c e ac a c e ce

ab a b e be ae abce

JLO 

= + + − + − − − +

+ − − + − − −

+ − − + + + − 

= + +

 

are obtained. The others can be proved similary. 

Now, in the following theorem, we give Catalan’s identities for these 

octonions. 

Theorem 3. For every integers n and r, we have 

( ) ( ) ( )( )2

0 2 2

1
2 85 2 2 2

9

n r r

n r n r n r rJO JO JO JLO JL J
−

+ −

 
− = − − + − − + 

 
 

and 

( ) ( ) ( )( )2

0 2 22 85 2 2 18
n r r

n r n r n r rJLO JLO JLO JLO JL J
−

+ −
 − = − + − − +
 

. 

Proof. By using the Binet’s formula for the Jacobsthal octonion, we get 
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( )( ) ( )

( ) ( ) ( )

( ) ( )( ) ( )( )

( )

2
2

2 2

0

2 2 2 2

0

1

9

1

9

1
2 2 85

9

1
2 85 6

9

2 2 85

n r n r n r n r n n

n r n r n

n r n r n r n r n n n n

nn r n r r r

n r r r r r

n

JO JO JO

JLO

JLO

JL

           

               

       

    

+ + − −

+ −

+ − + −

− −

−

      − = − − − −
  

        = − − + + 

    = − + + − +
 

= − − + + + −


+ − +( )

( ) ( ) ( )( )

0

0 2 2

1
2 85 2 2 2 .

9

n r r

r r

O

JLO JL J
−




 
=− − + − − + 

 

                               

The second identity can be obtained similarly. 

For 1r =  in Catalan’s identities give Cassini’s identities for these 

octonions which are in the following. 

Corollary 4. For every integer n, we have  

( )  
12

1 1 02 85 2
n

n n nJO JO JO JLO 
−

+ − − = − − + +  

and  

( ) ( )
12

1 1 02 9 85 18
n

n n nJLO JLO JLO JLO 
−

+ − − = − + +   . 

In the next theorem, we present d’Ocagne’s identities for Jacobsthal 

and Jacobsthal-Lucas octonions. 

Theorem 5. For every integers n and m, we have 

( ) ( )1 1 02 85 2
m

m n m n n m n mJO JO JO JO JLO J JL+ + − −− = − + −    

and 

( ) ( )1 1 02 9 85 18
m

m n m n n m n mJLO JLO JLO JLO JLO J JL+ + − −− = − − + +   . 

Proof. Using the Binet’s formula for Jacobsthal octonion, we obtain 
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( )( )

( )( )

( ) ( )

( ) ( )

( ) ( )

1 1

1 1

1 1

0

0

1

9

1
2

3

1
2 3 85 6

3

2 85 2 .

m m n n

m n m n

m m n n

m n m n m

m

n m n m

m

n m n m

JO JO JO JO

JLO J JL

JLO J JL

       

       

     





+ +

+ +

+ +

− −

− −

− −

    − = − −


   − − −


   = − −

= − + −  

= − + −  

 

Jacobsthal-Lucas octonion can be done similarly. 

 

2. SOME PROPERTIES FOR JACOBSTHAL AND 

JACOBSTHAL-LUCAS OCTONIONS 

 

In this part, after deriving Catalan’s, Cassini’s and d’Ocagne’s 

identities, we present other identities and Vajda theorems for Jacobsthal 

and Jacobsthal-Lucas octonions. 

Theorem 6. Jacobsthal and Jacobsthal-Lucas octonions satisfy the 

following identities; 

i) ( ) ( )2 2

1 0 2 2 0 2

10
9

9
n n n nJO JLO JLO JL JLO J + = + + +    

    ( ) ( )0

16
2 85

9

n
JLO+ − + , 

ii) ( ) ( )2 2

1 0 2 2 0 2

8
9

9
n n n nJO JLO JLO JL JLO J − = − + + +    

     ( ) ( )0

20
2 85

9

n
JLO− − + , 

iii) ( ) ( )
1

02 2 85
m

m n m n n m n mJLO JO JO JLO JL JLO J
+

− −− = − − +   , 
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iv) ( )
1

2 2
m

n m m n n mJO JO JO JO J
+

−− = − , 

v) ( )36 2
m

n m m n n mJLO JLO JLO JLO J −− = − . 

Proof. We prove the first and fifth identities and use Binet formulas 

for these octonions for calculations. 

i) ( )( ) ( )( )2 2 1

9

n n n n n n n n

n nJO JLO                        + = − − + + +
 

 

   ( ) ( ) ( )2 2 2 210 8
2

9 9

nr r            = + + − +  

                       

( )( ) ( )( )

( ) ( )

2 2 2 2

1 0 2 0

0

10
3

9

16
2 85

9

r r r r

n

JLO JLO

JLO

     = + + + + −



+ − + 



 

                       

( ) ( )

( ) ( )

1 0 2 2 0 2

0

10
9

9

16
2 85 .

9

n n

n

JLO JL JLO J

JLO

 = + + +


+ − + 



 

Similarly, using Binet formulas again, we have 

v) ( )( ) ( )( )n n m m m m n n

n m m nJLO JLO JLO JLO                       − = + + − + +  

                                     
( )( )

( ) ( )

( )

12

36 2 .

n m m n m n n m

n m m n

m m n m n m

m

n mJ

               

       

    



− −

−

       = + − −

   = − − −

= − − −

= −

 

In this theorem, the other identities can be obtained similary. 

Finally, we give Vajda theorems for Jacobsthal and Jacobsthal-Lucas 

octonions. 

Theorem 7. For every integers n, r and s, we have 

( ) ( )02 85 2
n

n r n s n n r s r s sJO JO JO JO J JLO J JL+ + + +− = − + −    
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and 

( ) ( )02 9 85 18
n

n r n s n n r s r s sJLO JLO JLO JLO J JLO J JL+ + + +− = − − + +   . 

Proof. We show the proof of Vajda theorem for Jacobsthal octonion.   

( )( )

( )( )

( )

( )

( )
( ) ( )

1

9

1

9

1

9

2

9

n r n r n s n s

n r n s n n r s

n n n r s n r s

n r n s n n r s

n s n r n r s n

n

r r r s r r

JO JO JO JO        

       

     

     

         

+ + + +

+ + + +

+ + + +

+ + + +

+ + + +

   − = − −

   − − −

  = − −


 − − +


−
    = − − + −
 

   

                                     

( )
( )( )

( )

( ) ( )

0

0

2
85

3

6

2 85 2 .

n

s s

r

s s

n

r s s

J JLO

J JLO J JL

 

  



−
= + −


− +


= − + −  

                                                                                

We can observe the Vajda theorem for Jacobsthal-Lucas octonion, 

similarly. 

Corollary 8. In the Vajda theorem for Jacobsthal and Jacobsthal-

Lucas octonions, if we take –r instead of s, Catalan’s identity is obtained. 

Corollary 9. In the Vajda theorem for Jacobsthal and Jacobsthal-

Lucas octonions, if we take –r instead of s and then 1 instead of r, Cassini’s 

identity is obtained. 

Corollary 10. In the Vajda theorem for Jacobsthal and Jacobsthal-

Lucas octonions, if we take m instead of n, n-m instead of s and then 1 instead 

of r, d’Ocagne’s identity is obtained. 
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INTRODUCTION 

Zeolites are microstructures containing aluminum, silica and oxygen 

in their lattice structures porous clay group. Zeolite clay has cations and water 

in its pores (Weckhuysen and Yu 2015). Silica and aluminum atoms are 

tetrahedral bonded to each other by a common oxygen atom. There are wide 

gaps forming channels in the zeolite structure (Armaroli et al. 2006; Obaid et 

al. 2018). These gaps allow ions and molecules to easily pass through the 

zeolite. Zeolites are known as molecular sieves because of these properties 

(Hashimoto, 2003). Zeolites are generally seen in the geological environments 

such as low temperature marine residues, lake residues, alkaline deserts. 

Clinoptilolite, a natural zeolite mineral has properties such as tetrahedral 

structure, typical formula, high ion exchange, catalytic structure and high 

adsorption capacity (Alpat et al. 2008; Armağan et al. 2004). In addition, it is 

one of the natural adsorbents that are very suitable for adsorption, which has 

been used for years due to its low cost and environmental friendliness, 

together with its rich resources in the nature (Bekkum et al., 2001). Zeolites 

are crystalline, aqueous aluminum silicates containing alkali and alkaline soil 

elements (Tsujiguchi et al. 2014b). Aluminasilicates are known as zeolites and 

are crystalline structures occuring of a three-dimensional SiO4 tetrahedral 

complex structure with a lattice structure (Dehghani et al. 2017; Tsujiguchi et 

al. 2014a). Zeolites are classified as synthetic or naturally occurring alumina 

silicate minerals. Natural zeolites are preferred because they are cheaper than 

synthetic ones (Ansari et al. 2014; Benito et al. 1996). Zeolites are hydrated 

aluminosilicates belonging to the class of tetra silicates (Gao et al. 2016; 

Missengue et al. 2018). The complex network structure consists of 

tetrahedrons consisting of [SiO4]4- and [AlO4]5- formed by the addition of 

general oxygen atoms (Ahmadpour and Taghizadeh 2015; Jiang et al. 2011). 

The exchange of some structurally isomorphic Al3+ atoms with Si4+ atoms 

formed a negatively charged structure in the zeolites (Charkhia et al. 2012; 

Masoudian et al. 2013). The tetrahedral lattice systems of zeolite clay have a 

stable structure. This stable structure gives zeolites different properties from 

minerals under aqueous conditions (Shah et al. 2013). It has been observed 

that as the SiO4/AlO4 ratio increases the resistance of zeolites to acids and 

temperature increases (Wang et al. 2012). Since the cations in the zeolite 

structure are weakly bonded to each other ion exchange can occur easily (Jin 
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et al. 2008; Kragovic et al. 2013). Liquid that can easily enter and displace the 

spaces in the zeolite and gas molecules and alkaline soil ions are present (Han 

et al. 2009; Nibou et al., 2010). Due to its high BET surface area, special 

channel structure, acid zones, thermal and hydrothermal stability properties, it 

is widely applied in the petrochemistry, environmental protection and 

adsorption (Henry et al. 2017; Mirzaei et al. 2013). The catalytic degradation 

of hydrocarbon is the important for industrial production because of the 

advantages of high decomposition conversion efficiency, alkene selectivity 

and low carbon accumulation compared to thermal decomposition (Marcilla et 

al. 2009; Wong et al. 2016). Natural zeolites are an important alternative as 

adsorbent and catalyst due to their high ion exchange, adsorption capacity, 

thermal and mechanical stability (Baybaş and Ulusoy 2011; Tavasoli et al. 

2014). 

 

1. PROPERTIES OF ZEOLITE CLAY 

1.1. Chemical Properties of Zeolite Clay 

Zeolites are microporous crystalline solids containing aluminum, 

silica and oxygen in their lattice structures and cation and water in their pores 

(Zhang et al. 2008). Silica and aluminum atoms are connected to each other 

tetrahedrally by a common oxygen atom support (Yonli et al. 2012). Zeolite 

literally means boiling stone. It was given this name because it explodes when 

heated (Sun et al. 2010; Tsai et al. 2006). Zeolite clay has many advantageous 

properties. These features are regular structure, large specific surface area, 

uniform sized pores, good thermal stability (Neppolian et al. 2016; Rakic et 

al. 2010). In addition, zeolites are clean, inert and non-toxic materials suitable 

for many industrial, agricultural, environmental applications (Liu et al. 2014; 

Martucci et al. 2012).  

Some tetrahedrons of the zeolites have Si4+ valence and Al3+ 

structures. For this reason, a lack of positive charge occurs (Yu et al. 2015). 

The lack of positive charge is the balanced by alkaline and alkaline soil 

cations such as Na+, K+, Ca2+, Mg2+, Sr2+ entering the zeolite cavities (Ikhlaq 

et al. 2014; Wittayakun et al. 2008). The size and shape of the pores of the 

zeolites change according to the temperature and the added substance 

(Ghanavati et al. 2020; Wahono et al. 2020). For this reason, the structure of 

zeolites should be investigations under different conditions (Hung et al. 2005). 
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The pore sizes of zeolite clay change depending on their crystal structure and 

the cations they include (Guvenc and Ahunbay 2012). The crystal structure of 

many zeolites consists of pores intertwined with rings formed by Si-O-Al 

atoms (Chica et al. 2005). The nanostructure brought together by these rings is 

named the window. The window size changes proportionally to the amount of 

atoms in the rings (Foster et al. 2006; Lee and Shantz 2005). In industrially 

important zeolites, the windows consist of rings with 8, 10, 12 units (Zhou et 

al. 2014). Due to the chemical and physical properties of zeolite clay, it is 

used in different industrial areas (Ebadi Amooghin et al. 2016; Zorpas et al. 

2002). The types of zeolites used in different industrial areas and their 

properties are given in Table 1. 

Table 1: The types of zeolites used in different industrial areas and their properties 

(Bekkum et al. 2001; Gulen et al. 2012). 

 

The adsorptive capacity of the zeolite clay is not adsorption to the 

surface, but filling the crystal holes (Dejaco et al. 2016). One of the important 

properties of zeolites is their high adsorption capacity at low partial pressures 

(Burton et al. 2005; Kaengsilalai et al. 2007). The use of zeolite clay as an 

adsorbent has increased in the removal of low concentration impurities in 

different liquids and gases (Damjanovic et al. 2010; Ennaert et al. 2016). 
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Despite the differences in the Si/Al ratios and the cation types and amounts 

they contain, in the zeolite molecule structure it is generally (M+, 

M2+)O.Al2O3.9SiO2.nH2O it has the formula (Wu et al. 2008). M+ is an 

alkaline cation, usually Na+ or K+ (Elwakeel et al. 2017). M2+ is an alkaline 

soil metal, usually Mg2+, Ca2+, Fe2+ is the cation (Rad et al. 2014). 

1.2. Physical Properties of Zeolite Clay 

Crystal structure geometries of zeolites, such as blank structures and 

hole connections, provides important physical properties to zeolites (Dragan 

and Dinu 2015). The zeolite molecule is formed by the combination of two 

crystals. Some zeolites appear as cross linked molecules (Jin et al. 2006; 

Weitkamp, 2000). This molecular structure is generally seen in chabazite 

crystals. Natrolite group minerals such as erionite are in the form of the 

needles and thorns consists of aggregates (Li et al. 2011). Zeolites have low 

refractive indices. Although zeolite clay is usually colorless or white, it can 

sometimes be yellow, brown or red depending on the presence of impurities 

such as iron hydroxides (Sarıoglu, 2005; Valdes et al. 2006).  

The color of ion exchanged zeolites depends on the degree of 

compounding of the sample with water (Panayotova and Velikov 2003; Payne 

and Abdel-Fattah 2004). Since natural zeolites tendency to absorb significant 

moisture, they can easily absorb water (Rehan et al. 2017; Wu et al. 2009). 

During the heating of the water molecules in the pores of the zeolite clay it 

can quickly leave the zeolitic structure and be adsorbed again (Turkman et al. 

2004). In addition, due to their crystal structures and moisture absorbing 

properties, they can return the water they have absorbed without any 

degradation (Saltalı et al. 2007). Due to these properties, activated natural 

zeolites are effectively used as desiccants (Simon et al. 2015; Taffarel and 

Rubio 2009). Zeolite clay is found in the abundance and in very pure reserves 

in nature. The formation of zeolites in nature can be up to 15-20 cm (Roque-

Malherbe, 2000). Synthetic zeolites are produced by using chemical processes 

(Nagrockiene and Girskas 2016). Compared to natural zeolites, more pure and 

symmetrical forms are obtained (Wang and Peng 2010). In the production of 

synthetic zeolites, chemicals containing rich silica and alumina are used as 

raw materials (Georgiev et al. 2009). As a result of the limited number of 

natural zeolites of industrial importance, approximately 150 types of zeolites 

used in industry are obtained synthetic (Rajos-Valencia et al. 2014). 
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Properties such as ion exchange, adsorption, molecular sieve, silica-rich 

chemical composition, crystal structure are common in natural and synthetic 

zeolites (Andac et al. 2005; Wang and Yan 2010). However, cheaper raw 

materials such as clay minerals, natural zeolites, coal ash and industrial 

clinkers are used as starting materials for zeolite synthesis (Su et al. 2016; 

Wittayakun et al. 2008). Zeolites are preferred to be used in different chemical 

and physical processes due to their crystalline geometry such as pore size, 

structure and channel connections (Taheri et al. 2019; Venglovsky et al. 

2005). The physical characteristics of the zeolite clay are as given in Table 2. 

Table 2: Different physical properties of zeolite clay (Guisnet and Gilson, 2002; 

Payra and Dutta, 2003)  

 

1.3. Application and Usage Areas of the Zeolite Clay 

Zeolites are used in the industrial areas for many reasons such as 

adsorption, ion exchange, high selectivity, light color in sedimentary zeolites, 

silica content, acidic medium durability, molecular sieve, low costs and pore 

structure of crystals (Panic and Velickovic 2014; Rhodes, 2010; Shi et al. 

2017). Zeolite clay is the used in various sectors such as energy, agriculture 

and livestock, mining and metallurgy, construction, detergent, paper industry 

(Villasenor et al. 2011; Zorpas et al. 2008). Due to the high ion exchange and 

adsorption capacity of zeolite clay, it is used in environmental pollution 
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control. It is used to remove undesirable metals in the wastewater (Shirani et 

al. 2016; Wingenfelder et al. 2005). The use of zeolite molecule in the 

environmental pollution control is increasing in areas such as radioactive 

waste separation, cleaning of wastewater, cleaning of flue gases, cleaning of 

petroleum spills and oxygen production (Wibowo et al. 2017; Zeng et al. 

2010). Zeolites are known as environmental molecules (Prasad and Kumar 

2016). The reason for this is that nitrogen fertilizers are prevented from being 

washed away due to excessive fertilization or incorrect irrigation in the soil 

(Hermassi et al. 2016; Lin et al. 2015). Therefore, it prevents the pollution of 

our underground and surface waters which directly affects the health of the 

humans and other living things (Kuwahara et al. 2010).  

Due to the high moisture absorption and desorption properties of 

zeolite, it is preferred because it increases afforestation efficiency in the 

sloping lands and arid regions (Kazemian et al. 2009). Due to the high ion 

exchange and adsorption capacity of natural zeolites, they can be used as a 

drug carrier material in agricultural applications (Dassanayake et al. 2015; 

Nakhli et al. 2017). Natural and synthetic zeolites are used to convertion 

natural resources into energy (Galadima and Muraza 2015). Natural and 

synthetic zeolites are used as catalysts in coal gasification, hydrocarbon 

cleaning, solar energy and petroleum production (Richardeau et al. 2004; 

Tawfik et al. 2016; Yi et al. 2014). The usage and application areas of zeolite 

mineral are as shown in Figure 1. 



 
 99 

 

Figure 1: Different application and usage areas of the zeolite clay (Bukhari et al. 

2016; Julbe et al. 2000; Katsuki et al. 2005; Reeve and Fallowfield 2018). 

In addition, natural zeolites are used as animal feed additives in 

raising soil pH, fertilizers and livestock (Beler-Baykal et al. 2011). Zeolite 

clay is used in mining, detection mineral deposits and removal some heavy 

metals (Choi et al. 2016; Wen et al. 2016). Other uses of zeolite clay are in the 

construction, as a cement additive, as an additive in paper production, in 

medicine and toothpaste production in the health sector and instead of 

phosphates in the detergent sector (Huang et al. 2015; Zhao et al. 2009). 

Natural zeolites are a type of clay with high selectivity for some radioactive 

substances (Ibrahim et al. 2008; Malekpour et al. 2008; Munthali et al. 2015). 

On the adsorbing of radioactive materials by zeolites in studies, it has been 

reported that the absorbing by plants of radioactive materials emitted as a 

result of nuclear accidents is the decreased by using clinoptilolite clay 

(Mustafa and Zaiter 2011; Olguin et al. 1999). Natural zeolite is a new and 

very good natural filter medium that can be used for water filtration (Gibb et 

al. 2017; Guo et al. 2013). By providing more pure water and higher 

efficiency that requires less maintenance, it offers superior performance 

compared to sand and carbon filters (Henao-Sierra et al. 2018). Zeolites have 

three basic properties in the industrial areas. These properties are adsorption, 
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catalyst and ion exchange (Moshoeshoe et al. 2017). Especially the molecular 

sieve properties of zeolites are widely used in the industry (Byrappa and 

Yoshimura 2001). Zeolites are preferred for use in the degradation of straight 

chain hydrocarbons, chemical sensors, industrial process control, 

environmental and air quality, waste and automatic exhaust control (Bento 

Ribeiro et al. 2015; Fischer, 2015; Maretto et al. 2015). 

2. PREPARATION OF MODIFIED ZEOLITES 

The pore widths of the zeolites are determined by the cations that can 

be added from the outside the structures formed by changing are named to 

modified zeolites (Salminen et al. 2013; Suzuki et al. 2009). Modified zeolites 

are synthesized as a result of chemical processes. The pore structure of the 

modified zeolites is more uniform than natural zeolites in terms of size (Lin et 

al. 2013; Perez-Perez et al. 2018). The raw materials generally used for the 

synthesis of modified zeolites can be pure chemicals rich in silica and 

aluminum, and substances produced by industries (Jung et al. 2004; Qin et al. 

2011). In the modification of zeolites, it is aimed to decrease the surface pH 

and expanded the pore size (Xie et al. 2012). As a result, while the cation 

exchange capacity of the zeolite is increased, its molecular sieve properties 

becomes more effective (Fei et al. 2006; Vidal et al. 2011). By modified 

zeolites a microporous natural substance with superior properties, effective 

different properties are gained (Long et al. 2013; Schick et al. 2010; Sun et al. 

2011). These properties are selectivity against metals, sorption of certain 

gases, adsorption of radioactive elements and heavy metals and use as a 

catalyst in different reactions (Nascimento et al. 2009; Peng et al. 2015). Fly 

ashes are inexpensive industrial products, rich in molecules containing silica 

and aluminum and are alternative materials for the preparation of the modified 

zeolites (Han et al. 2016; Montalvo et al. 2012; Taheri Soudejani et al. 2018).  

The type of modified zeolites preparation, temperature, pressure, the 

concentration of reactive solutions, pH, SiO2 and Al2O3 varies according to 

the properties of materials containing (Jafari et al. 2020; Taheri Soudejani et 

al. 2019). As a result of the substitution of Si4+ and Al3+ ions, the zeolite 

molecule has great blanks containing negatively charged areas with its three-

dimensional structure (Ates et al. 2011; Cordoves et al. 2008). Positively 

charged ions such as sodium, potassium, calcium, magnesium can be 
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substitution by heavy metals by settling in the spaces in the zeolite (Abu-Zied 

et al. 2008; Altare et al. 2007; El-Kamash, 2008). Zeolite in the crystal 

structure and different zeolite molecules are as shown in Figure 2. 

 

Figure 2: Zeolite crystal structure and different zeolite molecules (Johnson and 

Worrall 2007; Moshoeshoe et al. 2017; Pirc and Stare 2008; Watanabe et al. 2003). 

As a result of the modification of zeolite clay with acid, the thermal 

stability of the modified structures increases and their surface areas increase 

causes (Tran et al. 2018; Zhang et al. 2016). The substitution of H+ ions and 

exchangeable cations between the layers as a result of the modification of 

zeolite like clays with acid is expressed as the removal of Al3+ and Mg2+ ions 

out of the octahedral centers (Song et al. 2015; Zhang et al. 2018). The 

modification process at high acid concentration causes degradation in the 

structure of the zeolite (Runtti et al. 2017). Zeolite molecule undergoes 

deformation by transforming into gel form in the acidic medium (Ayodele et 

al. 2012; Lee and Tiwari 2012). The silicates in the zeolite structure 

transformation into different structures as a result of acid degradation (Saka et 

al. 2021; Stacey et al. 2020). These formed structures form an insoluble silica 

structure without gel formation and a gelatinous structure with acid 

application (Krajisnik et al. 2013; Lin and Zhan 2012).  As a result of the 

thermal effect, the physically adsorbed surface water and zeolitic water are 
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removed in the structure of the zeolite clay (Bakhtiari et al. 2016; Gong et al. 

2009). When heat treatment up to 500 °C is applied to zeolite like clays, 

surface water, zeolitic water, adsorbed water and crystalline water attached to 

the structure are completely removal respectively (King and Li 2006; Salehi et 

al. 2020). This condition is named to dehydration. As a result of the 

dehydration of zeolite like clays, the hydroxyl groups attached to the crystal 

structure are also removal until the temperature reaches 900 °C (Jing and Huai 

2009; Unaldı et al. 2009; Wajima et al. 2006). The thermal activation process 

is based on keeping a certain amount of zeolite minerals in the furnace at 

certain temperatures and times (Korkuna et al. 2006; Li et al. 2000). Zeolite 

that undergoes dehydration as a result of the thermal activation process Lewis 

acid structure is formed in its molecules (Triantafyllidis et al. 2001). The 

acidity of zeolites is due to the presence of Bronsted acid sites in the structure 

(Alipour et al. 2014; Busca, 2014; Zheng et al. 2002). 

3. NANOCATALYST AND NANOADSORBENT 

SUPPORTED APPLICATIONS OF ZEOLITE AND MODIFIED 

ZEOLITE CLAY 

Modified catalysts with higher catalytic activities are preparation by 

addition different metal atoms and metal oxides to the structure of the zeolite 

clay (Lakiss et al. 2020; Melian-Cabrera et al. 2006). Fe, Ni, Zn, Ti, and Cu 

metals are examples of these adding metal oxides, while TiO2, PdO, SrO, 

Fe2O3, ZnO and MoO3 are examples (Htay and Oo 2008; Kianfar, 2019; 

Kuwahara et al. 2008). These metals and metal oxides are used either alone or 

in the combinations of zeolite clay (Abello et al. 2009; Dong et al. 2011). 

Adsorption and catalytic properties of metal oxide/montmorillonite 

nanocomposites preparation by addition different metal oxides to structures 

such as montmorillonite clay are more effective (Khataee et al. 2016; 

Kıranşan et al. 2014; Kıranşan et al. 2015a). Nanocomposites obtained with 

metal oxides immobilized on the structures of clays such as zeolite and 

montmorillonite show nanocatalyst and nanoadsorbent properties (Hassani et 

al. 2016; Khataee et al. 2017; Özyürek et al. 2021). 

Synthesized metal oxide/clay nanocomposites are used as 

nanocatalysts and nanoadsorbent in different applications, especially in the 

environmental technologies (Gurses et al. 2014; Karaca et al. 2013). Different 
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methods applied in environmental technologies are the removal of organic 

pollutants in industrial wastewater by photocatalytic, photocatalytic-

ozonation, adsorption, sonocatalytic, fenton-like processes (Hassani et al. 

2015; Karaca et al. 2016; Kıranşan et al. 2015b). Metal and heavy metal 

removal by using zeolite clay usually increases with high temperature 

(Terbouche et al. 2011; Yuna et al. 2016; Zhang et al. 2014). In general, due 

to the endothermic nature of the adsorption process, it is expected that the 

adsorption processes in zeolites increase the activation of the adsorption 

surfaces with increasing temperature (Gonzalez-Olmos et al. 2013; Reungoat 

et al. 2007; Zaitan et al. 2016). Higher diffusion coefficients result in the 

faster movements of cations and consequently increase metal removal at 

higher temperatures (Koubaissy et al. 2008; Kwakye-Awuah et al. 2014; 

Yoldi et al. 2019). This process can be accounts by the appearance of 

powerless electrostatic interactions and smaller ion diameters with increasing 

temperature(Grieco and Ramarao, 2013; Khalid et al. 2004). Classical zeolite 

clays are easily deactivated by carbon accumulation due to their simple 

microporous structure, high diffusion capacity and strong acid regions (Guo et 

al. 2009; Kusic et al. 2005; Zhijian et al. 2014). Although strong acid regions 

are important in the catalytic reactions, especially in hydrocarbon 

accumulation, reactants reaction in acid regions and turn into aromatic 

hydrocarbons (Bleken et al. 2013; Conte et al. 2012; Daza et al. 2011; Hwang 

et al. 2001; Rungsirisakun et al. 2006). Also, the reactants are converted to 

carbon accumulation, if too many acid regions are present resulting in the 

deactivation of the catalyst (Erichsen et al. 2013; Eskandari et al. 2019; 

Lanzafame et al. 2018). In addition, since the classical zeolite clay has only a 

microporous structure, the diffusion efficiency of the molecule is low (Ji et al. 

2017; Ma et al. 2017; Vicente et al. 2017).   Great molecules are difficult to 

disperse in micropores. Therefore, they turn into carbon accumulation by 

blocking the pore gap (Forni et al. 2004; Primo and Garcia 2014). Zeolite clay 

is the widely used in adsorption and separation applications (Ren et al. 2020; 

Ruenngam et al. 2009). It has features such as moisture absorption, storage of 

various gases, separation of substances as the molecular sieves 

(Pahlavanzadeh and Motamedi 2020; Rashed and Palanisamy 2018). 

Adsorption applications include drying of natural gas, removal of carbon 

dioxide and sulfur components, separation of oxygen and nitrogen from the 
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air can be given as examples (Verrecchia et al. 2020; Zhang et al. 2019; Zhu 

et al. 2019). Clinoptilolite is a natural zeolite with multifunctional properties 

(Zaidun et al. 2019). Clinoptilolite is used as a chemical sieve, gas absorber, 

feed additive, deodorant and water filter in drinking and aquarium waters 

(Gedik and Imamoglu, 2008; Rahmani et al. 2004; Wang et al. 2007). 

Clinoptilolite has very effective adsorption and catalyst properties due to its 

great pore volume, resistance to high temperatures and being chemically 

neutral (Latifah et al. 2017; Ugrina et al. 2020). Clinoptilolite easily 

adsorption ammonia and other toxic gases from water and air (Bhardwaj et al. 

2012). 

4. CONCLUSION 

Zeolite is the most preferred with its catalyst and dehydration 

capacities, high adsorption capacity and cation exchange properties. 

Approximately 4 million tons of zeolite is used every year on earth. Zeolite, a 

highly acid resistant mineral, is treated with acid in the preparation of 

molecular sieves. Zeolite clay, gas and odor adsorbent, feed and food additive 

has such uses. In addition, zeolite mineral is used in the purification of 

radioactive wastes, the removal of wastewater, the removal of metal ions, 

nitrogen compounds and dyes in wastewater, the cleaning of flue gases, the 

purification of polluting gases such as CO, SO2, CO2, the purification of oil 

spills, the production of oxygen, the waste storage areas it is used to purify 

harmful ions in leaks. Zeolites are used extensively in agriculture and 

livestock sectors for purposes such as removing the irritating odors emitted by 

fertilizers and adjusting the pH of the soil. 
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INTRODUCTION 

Over the past decades, the amount of plastic continues to increase as it 

is used in many different applications. The main plastics derived from non-

renewable resources such as polyvinylchloride, polypropylene, polyethylene, 

polystyrene are unfortunately not biodegradable, and their enzymatic 

degradation requires a very long process. As a result, ecological pollution and 

global warming are threatened all over the planet due to the difficulties in 

both disposal and recycling of this large amount of plastic waste produced 

(Díez-Pascual, 2021). Thus, current research focuses on developing 

biodegradable biopolymers as potential candidates to replace petroleum-

synthetic polymers to overcome these disadvantages. 

Nowadays, nanomaterials synthesis is becoming popular when 

considering materials science. The introduction of biological approaches helps 

transform basic science into nanomaterials and tools. This creates better 

sustainability by developing new materials and improving existing materials 

(Kozielski et al., 2013) Indeed, many of these nano-materials particularly 

bionanocomposites, are manufactured at a large scale and currently used in 

various application fields involving biomedical, packaging, agriculture, 

automotive, etc. (Yildirim and Acay, H. 2021.) 

Friedrich (2015) states that the expected population density in the next 

30 years will be 9.2 billion and global food production will be approximately 

70%. This can only be achieved through the application of sustainable, 

nutritious food supply and safe innovative techniques. 

The literature study, it is stated that nanomaterials synthesized by 

chemical, physical and biological methods can be an important tool in the 

protection of the product such as filtration of irrigation water, improvement of 

harmful phytopathogenic pesticides, development of new degradable 

pesticides, plant disease control, the effective introduction of fertilizers and 

other agricultural chemicals to the use of organic agriculture (Barık et al., 

2008; Prasad et al., 2014). 

Although nanomaterials synthesized by physical and chemical means 

are used quite frequently, the presence of toxic chemicals limits their 

applications in agriculture, and interest in biological production is increasing 

(Yildirim, and Acay, 2021). 

In this chapter, the antifungal applications of green synthesis 

composites, which is an important area of nanotechnology, against plant 
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pathogens, which are important issues in the agricultural sector, were 

evaluated. 

1. BIONANOCOMPOSITES

Nanocomposites are a class of nanostructured hybrid materials formed 

by the combination of a matrix that can be a biodegradable polymer 

(bionanocomposites) or a synthetic polymer (nanocomposite) that also has a 

charge that can be an inorganic/organic solid with at least one of its nanoscale 

dimensions (Garrido-Miranda, Rivas, Perez-Rivera, Sanfuentes, Pena-Fartal, 

2018; Basavegowda, and Baek, 2021).  

In the recent past, the concept of bionanocomposites has been widely 

used in research areas. These materials are emerging as a group of emerging 

nanostructured bio-hybrid materials containing a biopolymer (naturally 

occurring polymer) in combination with reinforcements, obtained from the 

combination of biopolymers such as polysaccharides, nucleic acid, proteins, 

and essential oils showing at least one dimension on the nanometer scale. In 

addition to the natural properties of biopolymers, these new composite 

materials are being developed very well in terms of their physical, structural, 

and functional properties and synergistic activities with the help of nano-

reinforcements and may produce a synergistic antifungal effect for many 

applications. Bionanocomposites exhibit improved biological, thermal, 

mechanical, magnetic, optical, photoelectronic properties (Karimi-Maleh et 

al., 2021). 

In the literature, definitions such as biocomposites, nano-sized 

biopolymers, nanocomposites, nanobiocomposites, green composites, 

biohybrids, or bio-based plastics, and similar approaches have been 

encountered to define an emerging class of biohybrid materials that show 

dimensions in the nanometer range.  In this context, the definition of 

bionanocomposites would be very appropriate because they are both nano-

structured and obtained from combinations of biologically origin materials 

such as polysaccharides, proteins, and nucleic acids with inorganic solids at 

the nanometric scale. Green and environmentally friendly bionanocomposites 

replace traditional materials within the framework of the promotion of 

research that reduces environmental damage and are preferred in various 

fields including food packaging biomedical materials, drug delivery systems, 

agriculture sector, sensing, and electronic materials to create a forward-

looking process that does not harm the environment (Darder et al., 2011). 
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Thanks to their multidimensional properties such as biocompatibility, 

antimicrobial activity, and biodegradability, bionanocomposites can be widely 

used in various fields and show good properties (mechanical, optical, etc.) 

compared to both micro and macro composites (Amina et al., 2011). 

2. FUNGAL PATHOGENS

Plant pathogens are of two types, biotic factors involving 

microorganisms and parasitic plants, and abiotic factors including all 

environmental factors. Plant pathology has common fields of study with 

sciences such as entomology, bacteriology, mycology, virology, and 

herbology due to its relationship in insects, bacteria, fungi, viruses/viroids, 

and weeds as plant pests (Bruehl, 1991). 

The modern approach of plant disease control, which is 

environmentally friendly and suitable for human and animal health, depends 

on the production of antimicrobial agents that can be developed with new 

green synthesis methods, the production of genetically improved plant strains 

that are resistant to plant diseases by biotechnological methods, and the 

discovery of new biological control agents (Cramer, 1967).  

It is stated that fungal pathogens, which have approximately 1.5 

million species in the mushroom kingdom, and also phytopathogenic fungi 

comprise an important group of plant pathogens that cause approximately $45 

billion in crop losses every year all over the (Pimentel, 2009).  

These fungal pathogens, either parasitic or saprophytic, cause 

different diseases in agricultural products. While fungal pathogens such as 

Rhizoctonia solani, Fusarium spp., Phythophora spp infect the aerial and soil 

parts of plants, Botrytis cinerea can cause disease in the green and fruit tissues 

of more than 200 plant varieties. However, some plant pathogens may be 

responsible for fruit damage during distribution and storage. (Fernández-

Acero, Carbú, Garrido, Inmaculada, Jesus Manuel, 2007) 

As seen above, plant pathogens that can contaminate any plant tissue 

at different stages of crop growth can result in a significant loss of income. 

For example, Pimentel 2009 states that B. cinerea alone is responsible for 

10% of the world fungicide market and this represents more than 

approximately 500 million Euros. 

Since fungicides have positive advantages such as rapid action and 

high availability, disease control depends on the use of agricultural chemicals 

such as fungicides. However, adverse effects on non-target living organisms 
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due to their toxicity, systemic effects, resistance in target microorganisms, and 

revival of pest population are undesirable effects (Zaller, and Brühl, 2019; 

Stephenson, 2003). However, considering that approximately 80-90% of the 

fungicides are lost in the environment after or during application procedures 

(Stephenson, 2003).  There is an urgent need to provide cost-effective, high-

performance fungicides that can minimize the negative impact on the 

environment. 

The applications of nanotechnology for innovative research in plant 

pathology represent a second revolution after biotechnology. Although the use 

of nanotechnology in agriculture was mostly theoretical until a few years ago, 

nanoformulation developments in the agricultural industry have started to 

increase in importance (Thul, and Sarangi, 2015). 

Effective disease control is provided by nanofungicides, as they have 

different mechanisms compared to chemical fungicides, pose less risk 

compared to others with a very small amount of active substance in their 

structure, and allow the active substance to be released in a controlled manner. 

Also, to protect plants from pathogen attacks, soil, seed, or leaf The simplest 

application method is the direct application of nanoparticles to plant parts 

such as (Khan et al., 2014). Considering these features, the use and 

applicability of nanotechnology in the fight against diseases are quite 

remarkable. For all these reasons, new, environmentally friendly, inexpensive, 

sustainable alternatives in the fight against plant pathogens constitute a wide 

research area. Although studies on this subject are still in their infancy, they 

are quite interesting. This study examines the studies on nanocomposites with 

antifungal properties developed by the green synthesis method against fungal 

pathogens. 

3. BIONANOCOMPOSITES AGAINST 

PHYTOPATHOGENIC FUNGI 

Bionanocomposites, which are stable under difficult process 

conditions and have superior antimicrobial properties, have great potential in 

the management of different diseases. Bio-based materials such as chitosan 

show very rapid and significant development in recent years. Chitosan is a 

linear polysaccharide composed of randomly distributed β-(1–4)-linked D-

glucosamine (deacetylated unit) and N-acetyl-D-glucosamine (acetylated 

unit). Chitosan is currently being extensively researched for the biomedical, 

pharmaceutical, agricultural, cosmetic, food, biotechnological, paper, water 



 
 139 

treatment, and textile industries (Dananjaya et al., 2017; Shende, Oza and 

Gaud, 2018). Chitosan shows antitumoral, antifungal and antimicrobial 

activitiy. However, the very high molecular weight of Chitosan and therefore 

very high viscosity makes it insoluble in most solvents, narrowing many of its 

biological applications.  For this reason, chitosan will be combined with other 

materials by chemical modification, thus maintaining the original 

physicochemical, biochemical properties without changing the basic skeleton 

of the biopolymer, with the modifications obtained, new properties will be 

gained depending on the nature of the added group, and as a result, a wider 

usage area will be obtained thanks to the superior properties of 

bionanocomposites. 

Metal oxides are widely used due to their non-toxicity, high 

biocompatibility, and simple preparation processes. The antifungal activities 

of these materials are known. With the bionanocomposites that metal oxides 

will form in combination with other materials, they can become more altered 

and effective materials by changing their thermal, mechanical, photocatalytic, 

and chemical activities. Thus, thanks to the high surface-to-volume ratio of 

nanomaterials, the metal bionanocomposites formed in combination increase 

their contact with fungi and further improve their antifungal effects. 
 

3.1. Chitosan-Based Bionanocomposites against Phytopathogenic 

Fungi 

Due to the chemical properties of chitosan, the richness of its 

antifungal properties is known.  In addition, an alternative to make 

biocomposite molecules is essential oils, which have antifungal, antibacterial, 

and antiviral biological properties. These oils are biomolecules and secondary 

metabolites synthesized by medicinal and aromatic plants with superior 

bioactivity. However, since these oils have properties that limit their 

usabilities, such as low water solubility, high volatility, and susceptibility to 

light, heat, and oxygen degradation, especially their volatility, superior 

biocomposites have been synthesized by combining them with other materials 

such as essential oil (Mohammadi et al., 2015, Zhaveh et al., 2015), polyvinyl 

alcohol (Perumal et al., 2022), Cellulose (Perumal et al., 2022), 

montmorillonite (Pankaj Jha, (2020b)) (Pola et al., 2019). When the studies in 

the literature are examined, it has been proven that the antifungal activity of 

essential oils with chitosan-based bionanocomposites is quite good 

(Mohammadi, Hashemi, & Hosseini, 2015; Zhaveh et al., 2015). 
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According to Table 1, it is seen that the bionanocomposite obtained 

by preparing chitosan with Thymol, the main antimicrobial agent of the 

aromatic plant thyme (Thymus vulgaris), showed very good (100%) 

antifungal inhibition against Botrytis cinerea (Medina et al., 2019). It is 

emphasized that the synergistic combination of both chitosan and essential oil 

creates a very good antifungal compound. 
 

Table 1. Chitosan-Based Bionanocomposites for phytopathogenic fungi 

Chitosan-based 

bionanocomposites 

 

Fungal 

Pathogens 

 

Inhibition 

% / 

Inhibition 

zone(mm) 

References 

Corn starch/ chitosan/ 

nanoclay/ sorbitol/ grapefruit 

seed extract  

Aspergillus niger 25.59 ± 0.64 

mm 

Jha, (2020a) 

  

Zataria multiflora (essential 

oil)/chitosan 

Botrytis cinerea  50% Mohammadi et 

al. (2015) 

T. vulgaris (essential oil) / 

chitosan / benzoic 

acid 

Aspergillus 

flavus 

 Khalili et al., 

(2015) 

Chitosan/thymol Botrytis cinerea 100% Medina et al., 

(2019) 

Cuminum cyminum (essential 

oil)/ chitosan / caffeic acid 

Aspergillus 

flavus 

 Zhaveh et al., 

2015   

Cellulose/polyvinyl alcohol 

/chitosan 

C. 

gloeosporioide,L

. theobromae 

67-69/40-41 

% 

Perumal et al., 

2022 

Grapefruit seed extract/chito- 

san/ montmorillonite 

Aspergillus niger 22.29 ± 0.7 

0.4 mm 

Pankaj Jha, 

(2020b) 

Chitosan/zinc  Aspergillus 

flavus 

93% Kaur et al. (2015) 

Chitosan/carboxymethyl 

cellulose/zinc oxide  

Aspergillus niger 40%  Noshirvani, 

Ghanbarzadeh, 
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ND: No Data 

3.2. Metaloxide-Based Bionanocomposites Against 

Phytopathogenic Fungi 

Metal oxide nanoparticles, which form an important class of materials 

in electrochemistry, magnetism, biology, and environmental science, have a 

stable structure and are considered safe for humans, are a very good 

alternative material as antifungal and antibacterial agents and have been 

recognized as an excellent agent for the control of pathogenic microbes. (Li et 

al., 2019; Safaei, & Taran, 2017). 

In the literature, it has been proven that metal oxides strengthened 

with bio nanoparticles prepared by combining materials such as gelatin 

(Sahraee, Ghanbarzadeh, Milani, & Hamishehkar, 2017), alginate (Safaei, 

Taran, & Imani, 2019), cellulose (Guo, Wu, Li, & Sun, 2020), chitin (Sahraee 

et al. 2017), alginic acid (Zare, Lakouraj, Mohseni, & Motahari, 2015) and 

Pullulan (Pinto et al., 2013) show much more excellent antifungal properties 

against pathogenic fungi (Table 2). 

 

   Table 2. Metaloxide-Based Bionanocomposites for phytopathogenic fungi 

Mokarram, 

Hashemi, Coma, 

(2017) 

Chitosan/Schinus molle 

(pepper tree) essential oil  

Aspergillus 

parasiticus 

 Luque-Alcaraz et 

al. (2016) 

Metaloxide-Based 

Bionanocomposites  

Fungal 

Pathogens 

 

Inhibition % 

/ Inhibition 

zone(mm) 

References 

Carboxymethylcellulose- 

with plant-sourced 

cinnamaldehyde/zinc oxide 

nanoparticles 

Aspergillus 

niger 

ND Guo et al. (2020) 

Soybean protein isolate / 

plant-sourced 

Aspergillus 

niger 

ND Li et al. (2019) 
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ND: No data 

3.3. Other Bionanocomposites Against Phytopathogenic 

Fungi 

New alternative-bionanomaterials that are effective against 

microorganisms, diseases and do not harm the environment and the health of 

living things should be developed. In addition, in studies against fungal 

pathogens, montmorillonite clay (Garrido-Miranda et al., 2018), lysozyme 

(Feng et al., 2017), gum kondagogu (Malkapur, Devi, Rupula, and Sashidhar, 

2017), cellulose (Ahmad et al., 2017; Zhou et al., 2018), protein isolate (Wu 

et al., 2019), solid lipid (Nasseri, Golmohammadzadeh, Arouiee, Jaafari, and 

Neamati, 2016), chitin (Sahraee, Ghanbarzadeh, Milani, Hamishehkar, 2017) 

based bionanocomposites have shown superior antifungal activity (Table 3). 

In recent years, it has been proven that plant-derived essential oils and 

active ingredients have a very good antiseptic activity against bacteria and 

fungi. Among the tested plant-sourced essential oils, cinnamaldehyde is the 

most effective antifungal agent (Arezoo, Mohammadreza, Maryam, & 

Abdorreza, 2020). 

cinnamaldehyde/zinc oxide 

Alginate-copper oxide Aspergillus 

niger 

83.17% Safaei et al. (2019) 

Sodium 

hyaluronate/titanium 

dioxide 

Aspergillus 

niger 

13.3 mm Safaei, and Taran 

(2017) 

Gelatin/zinc oxide /chitin 

nanocomposite 

Aspergillus 

niger 

27.138±0.218 

mm 

Sahraee et al. 

(2017) 

Pullulan/silver 

nanoparticles 

Aspergillus 

niger 

76% Pinto et al. (2013) 

Silver ions/  

polyvinyl chloride 

Aspergillus 

niger, 

Fusarium 

solani 

13.5 mm Braga, Rangel, 

Suarez, and 

Machado (2018) 
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More recently, the preparation of silver composites with biopolymer 

matrix has gained great importance due to their renewable nature, 

biocompatibility, and biodegradability. Recently, it has been proven that silver 

nanoparticles can be used as an excellent and very effective antimicrobial 

agent (Malkapur, Devi, Rupula, Sashidhar, 2017). 

Garrido-Miranda et al. (2018) investigated the influence of eugenol on 

the Eugenol/poly(3-hydroxybutyrate)/thermoplastic starch/montmorillonite 

bionanocomposite with antifungal activity against Botritys cinerea. The 

antifungal activity was determined by calculating the area of inhibition of the 

bionanocomposites. The bionanocomposite after 7 days of contact with 

Botritys cinerea. As expected, this finding reflects the absence of antifungal 

activity of these components. Significant growth reductions against Botrytis 

cinerea were obtained with increasing eugenol concentrations in the 

bionanocomposites, where the greater area of inhibition was seen 6.4 ± 2.5 

cm2 (Table 3). 

Table 3. Other Bionanocomposites for phytopathogenic fungi 

Other Bionanocomposites Fungal 

Pathogens 

Inhibition 

% / 

Inhibition 

zone 

References 

Eugenol(essential oil)/ poly(3-

hydroxybutyrate)/thermoplastic 

starch/ montmorillonite 

Botritys 

cinerea 

ND Garrido-Miranda 

et al. (2018) 

Polivinylalcohol/cyclodextrin/ 

cinnamon essential oil/ lysozyme 

Aspergillus 

niger, 

Penicillium 

ND Feng et al. 

(2017) 

Silver nanoparticles/gum 

kondagogu (Cochlospermum 

gossypium) 

Aspergillus 

parasiticus, 

Aspergillus 

flavus 

3.5-6.5 

µg/ml 

Malkapur et al. 

(2017) 

Nickel doped 

polyaniline/cellulose 

Rhizoctonia 

solani, 

25-35 % Ahmad et al. 

(2019) 
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ND: No data 

Alternaria 

alternate 

Soy protein isolate/plant-sourced 

cinnamaldehyde 

Aspergillus 

niger 

2.5 mm Wu et al. (2019) 

Z. multiflora (essential oil)/

Glyceryl monostearate (solid 

lipid) 

Aspergillus 

ochraceus, 

Aspergillus 

niger, 

Aspergillus 

flavus, 

Alternaria 

solani, 

Rhizoctonia 

solani, and 

Rhizopus 

stolonifer 

37-87 %

Nasseri et al. 

(2016) 

Gelatin/chitin Aspergillus 

niger 

15.72 mm Sahraee et 

al.(2017) 

Methyl cellulose/plant essential 

oil(oregano: thyme)  

Aspergillus 

niger, A. 

flavus, A. 

Parasiticus, 

P. 

chrysogenum 

35-40 mm Hossain et al. 

(2018) 

Polylactic acid/chitin/glycerol 

triacetate 

Aspergillus 

niger 

70% Herrera et al. 

(2016) 
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CONCLUSION 

Although it is still in its infancy in the agriculture and food sector, it is 

seen that nanotechnology will offer much more application areas in the 

coming years. Nanoparticles, which form an excellent platform for various 

biological applications, are attracting more researchers' attention for future 

developments. More research is still needed to make agriculture 

environmentally friendly, avoid potential economic losses, make 

agrochemicals more effective through composite materials, formulate high-

yield carrier composites, and find the best materials that are cost-effective, 

easily degradable, and can be incorporated into the soil after use. Also, 

considering the negative aspect of prolonged contact or exposure to some 

metal NPs such as AgNPs and AuNPs, some research has indicated, studies 

on green nanoparticles synthesized from natural products should be increased 

to make the environment safe and to protect humans and other plants, 

microorganisms and animals from risk. Given that the subject is new, 

materials researchers and biologists need to work to gain a deeper 

understanding of the main interactions and mechanisms in a 

bionanotechnology system.  
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