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OPENING

Dear Participants,

On Dbehalf of the organizing committee of the International Conference on
Physical Chemistry & Functional Materials (PCFM) series, | would like to

welcome you to our 6" conference in Elazig.

The PCFM is an annual organization and was started firstly in Elazig in 2018.
The subsequent conferences were done in Cappadocia, Malatya, Elazig (Online
due to COVID-19), and Sivas. | would like to point out that this is a special honor
for us that the 6" conference coincides with the 100" anniversary of the Republic

of Turkiye.

The PCFM series covers all the essential sciences of Physics, Chemistry, Biology,

and Engineering fields derived from the essential sciences.

We thank all the invited speakers, participants, and scientific and organizing

committees for their invaluable contributions to the PCFM series.

Sincerely,
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3—14 JONE 2023

Firat Unlver5|ty/ ELAZIG
(I1S: Invited Speaker, OP: Oral Presentation)

Time: UTC+3
Registration: 09:00 — 10:00
Opening Remarks: 10:00 - 10:15

o https://us06web. zoom. us/j/876643086962pwd=c3NqRGpyUXdwQ0Z4d2t]T1dZTFE3UT09
Dav-1 une 13. 2023 Meeting ID: 876 6430 8696
y J ; zoom e e

Chair

Azeez Abdullah Barzinjy

1S-2 Dragan Uskokovic
Face to face

Mg Sl Title: Materials Research Fostering International Cooperation In Small and Developing Countries:

The Example of Serbia

I1S-1 Nora de Leeuw
Face to face

10:55-11:35 Title: Discovering Bio—inspired Catalysts for C0. Conversion

IS-11 Stileyman Koytepe
11:35-12:15 Title: Design and Synthesis of Saccharide Based Polyurethanes for Sensor and Biomedical Applications

Face to face

12:15-14:00 Lunch
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https://us06web.zoom.us/j/87664308696?pwd=c3NqRGpyUXdwQ0Z4d2tJTldZTFE3UT09

Chair
Nora de Leeuw

IS-7  Azeez Abdullah Barzinjy
LAlELacal Title: Green Synthesis of Nanoparticles: From Preparation to Applications RREEciEnce
IS-8 Burhan Ates
14:40-15:10 Title: Nanoparticle-based Enzyme Carrier Matrixes for Enhance Catalytic Activity: A Promising Face to face
Strategy
[S-10  Savas Kaya
18080 Title: Chemical Hardness and Fukui Potential Based Applications in Solid State Chemistry Face to face
15:40-16:00 Coffee & Tea break
Chair
Dragan Uskokovic
0P-11 Serpil Yal¢m Kuzu
16:00-16:20 Title: Charged Vector Boson Research with Ensemble Learning Techniques s s
O0P-42  Ibrahim Isah Nasidi
F to f
16:20-16:40  Title: Polar Aprotic Solvent Acetonitrile Effect On Ascorbic Acid Using Different Quantum Models: b et
A Theoretical Study
OP-15 Hazal Aktas
16:40-17:00 Title: Evaluation of Mechanical Performances of Different Acrylic Resins used in 2K Varnish
Systems
0P-53  Yasemin Merve Ayhan
17:00-17:20 Title: Theoretical Investigation of X-ray Radiation Absorption Mechanism of Yb—doped Sr—based
Hydroxyapatites
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Chair
Mediha Kok

1S-6 Filiz Ercan

17:20-17:40 Title: Structural Analysis of Nano Compounds by Using X-Ray Diffraction Method
Z200m
IS-9  Ismail Ercan o
17:40-18:00 Title: The Importance of Zn0 in Scientific Research and The Effects Of The Magnetic Field
200Mm
1S-5 Ozkan Gokcekaya o
18:00-18:20 Title: The Role of Crystallographic Texture on Grain Boundary Characteristic Distribution
for Defect Prevention in Metal Additive Manufacturing z2oom
0P-18 Ismail Cem Kantarli
18:20-18:40  Title: Hydrochar Derived from Tomato Peel as Energy Feedstock and Adsorbent O
Z200m
0P-1 Ahlam Abidi
18:40-19:00 Title: The Classical Gauge Transformations and Their Effect on Entanglement Q
Z200m
19:00-19:30 Poster session
19:30-20:00 Free time
20:00-21:30 Gala Dinner
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https://us06web.zoom.us/j/87664308696?pwd=c3NqRGpyUXdwQ0Z4d2tJTldZTFE3UT09

Day-2  June 14, 2023

https://us06web. zoom. us/ j/839438212822pwd=YOFHUGhtVkVVOUs2N1ZhbnVFNXhRdz09
Meeting ID: 839 4382 1282

200Mm Passcode: PCFM2023
Chair
Mediha Kok
1S-3 Sergey V. Dorozhkin o
09:00-09:30 . . . . L ..
Title: Calcium Phosphate Bioceramics and Its Application in Medicine
200Mm
1S4 Mosbah Zidani
09:30-10:00 ' Tit1e: Exploitation of EBSD Data for the Analysis of the Crystallographic Texture of Industrial 0
Metals Z200m
0P-21  Ugur Koroglu 0
10:00-10:10 . . . . . . . .
Title: Identification of Saliva Stains Through SERS Using Various Nanoparticles
Zoom
0P-5 Mokhtar Nebab o
10:10-10:20 Title: Interfacial Stress Analysis of a Reinforced Concrete Beams Strengthened by Bonded Composite
Plates Using a Deep—ANN Method Z00m
OP-4  Sammia Shahid o
10:20-10:30  Title: Designing of Photo-Catalysts Using Ternary Metal /G-C3N4/Zn0 Nanocomposite for Effective
Removal of Wastewater Pollutants Zoom
OP-2  Ben Ammar Ben Khadda o
10:30-10:40  Title: Effect of the Type of Concrete Curing by Renewable Energies on the Mechanical Performance in
Southern Algeria Zoom
0P-3 Navaad Zafar Ali o
10:40-10:50 Title: Exploring the Dynamics of Molecular Rotors in Novel Framework Materials for Renewable Energy
Technology 200Mm
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OP-6

Title:

OP-7

Title:

0P-8

Title:

0P-12

Title:

0P-13

Title:

OP-14

Title:

OP-16

Title:

0P-24

Title:

Chair
Serhat Keser

Ali Ciris
Impact of SnCl. and CdCl. Heat Treatments on The Properties of SnS/CdS Stacks

Merve Ozcan
Theoretical Computation of Structural and Electronic Structure Properties of Metal Halide
Perovskite CsSnBr;: A DFT Study

Tugrul Yumak
From Waste Sawdust to Supercapacitors: Effect of Activation Type on The Electrochemical
Performance of Activated Carbon

Ceylan Alkaya
Synthesis, Spectroscopic Analysis, DFT Studies and Molecular Insertion Applications of
Isatin Hydrazone Derivative

Adnan Aldemir
Isotherm, Kinetic and Thermodynamic Studies of Toluidine Blue Adsorption onto Activated
Carbon

Gizem Durak Yiiztiak
Evaluation of Structural, Morphological and Electrical Properties of BiiShaxTes Thin Film
on Si(100)

Tugba Gungor Ertugral
Antibacterial Properties and Characterization of PLA Nanofibers Containing Lemon Cypress
(Cupressus Macrocarpa Gold Crest) Essential 0il

Margarita Goldberg
The Oxidation of Benzyl Alcohol in the Presence of Mesoporous Molybdate—Contained
Hydroxyapatite Powders

QO

Zoom
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Z00m
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Zoom
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Zoom
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12:10-12:20

12:20-12:30

12:30-12:40

12:40-12:50

12:50-13:00

13:00-13:10

13:10-13:20

13:20-13:30

13:30-13:40

0P-25

Title:

0P-26

Title:

0pP-27

Title:

0P-28

Title:

0P-29

Title:

0P-66

Title:

0P-23

Title:

0P-22

Title:

0P-35

Title:

Chair
Se¢il Niksarlioglu

Isik Ipek Avci Yayla
Ultrasound and Pressure Assisted Solid-State Polymerization of Carbazol

Ebru Yiice Babacan
Composition of the Essential 0il of Endemic Gundelia Vitekii Species in Turkey

ilknur Baldan Isik

Synthesis and Evaluation of Bimetallic PteNis Electrocatalyst for Hydrogen Evolution
Reaction
Tabti Affaf
A Study of the Adsorption of a Polluting Organic Molecule in the Presence of Porous
Materials

Erkan Karatas
Development and Characterization of a Calcium Hydroxyapatite Based Injectable Formulation
for Soft Tissue Augmentation

Ozge Oztarakei
Investigation of Molecular Structures and Spectroscopic Properties of Iron Tetracarbonyl
Nitrosyl Complex Isomers by Computational Methods

Boubekeur Razika
Study of the Effect of Hydrophyl Polymers and Different Solvents on the Properties of
Polysulfone Membranes

Alper Biger

Preparation of Waste Silica gel/Palmitic Acid (PA) Composite as a New Phase Change Material

and Determination of its Thermal Properties

Nadezhda Donskaya
The Oxidation of Benzyl Alcohol in the Presence of Mesoporous Tungsten—Contained
Hydroxyapatite Powders
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Zoom
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Z00m

200m

Zoom
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0P-36

Title:

0P-37

Title:

0P-38

Title:

0P-32

Title:

0P-59

Title:

0P-41

Title:

0P-39

Title:

0P-34

Title:

0P-33

Title:

Chair
Cihat Aydin

Se¢il Sevim Unluturk
Improvement of Nanomaterial Dispersibility by Hansen Solubility Parameters: The Ways of
Scoring

ilayda Melek Celik
Powder Wettability Measurements of Fillers and Pigments Using the Washburn Capillary Rise
Method

Necati Giidiimciioglu
Investigation of Organic Coating in Terms of Water Uptake Measurements by Electrochemical
Impedance Spectroscopy

Erhan Karaca

Review on Application of The XPS and XRD Techniques for Structural Characterization of
Polypyrrole-Metal Oxide Based Anode Materials Used in Supercapacitors
Mehmet Hanifi Kebiroglu

Unraveling Ca—-Phosphosilicate Molecule Fourier Transform Infrared (FTIR) Spectroscopy
through Quantum Programming: A Comprehensive Investigation

Ayca Kiyak Yildirmm
Electrodeposition of CdS Thin Films at Various Cathodic Potential Values

Rebaz Obaid Kareem
Theoretical Investigation of chlorohydroquinone using Density Functional Theory and
Hartree—-Fock Method

Cihat Aydin
Synthesis and Characterization of Al-Sn0O. Composite Films by Thermal Evaporation Method

Handan Aydin

To be researched of optical and structural properties of Si doped TiO. thin films deposited

on glass using Thermal Evaporation Method
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Title:
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Title:

0P-20

Title:

0P-30

Title:

0P-43

Title:

0P-45

Title:

0P-46

Title:

Chair
Tankut Ates

Mehmet Miursit Temiz
Investigation of Metal-Ion Uptake Properties of Polystyrene

Fatih isen
Williamson—-Hall Analysis of Dysprosium—doped Hydroxyapatites

Sevim Bilici

Investigation of Optical Performance and Radiation Absorption Parameters of High Index
Plastic Lens Material

Muhammed Sait Kanca

Coating of Glass Substrate with Sn Based Alloys Using Thermal Evaporation Systems

Ercan Ercan

Effect of Homogenization of CuAlTaNb Alloy in Liquid Nitrogen Medium on Thermal and
Microstructural Properties

Gonca Ates

Investigation of Optical Radiation and Absorption Parameters of Polarized Sunglasses

Alev Taze

Investigation of the Effects of Transition Metal W Doping on NiTiCu Alloy

Ibrahim Isah Nasidi
The Halogen Family Effect on the Bandgap of Ascorbic Acid: A Theoretical Study

Ahmet Dogan
X-Ray Diffraction Analysis of Zinc—based Quercetin—containing Hydroxyapatites
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Title:

0P-50

Title:

0P-31

Title:

0P-40

Title:

0P-60

Title:

0P-61

Title:

Chair

Ercan Ercan

Demet Coskun
Synthesis and Dielectric Properties of Three Armed Chalcone Derivatives

Demet Coskun
Chalcone End Group Polymer Synthesis and Dielectric Properties

Melikehatun Firat
Some Spectroscopic Properties of Silver—based Pyrocatechol-containing Hydroxyapatites

Mehmet Celik
In vitro Anticancer Properties of Centaurea virgata Lam.

Serhat Keser
Antimicrobial, Antiradical Activities and Phytochemical Compounds of Wiedemannia
orientalis Fisch. & Mey. Flowers

Serhat Keser
In vitro Cytotoxic Activities of Centaurea saligna (K.Koch) Wagenitz

Emine Nur Acar

An X-Ray Diffraction Study of Pr—Doped Hydroxyapatites Prepared by Ultrasonic—Assisted

Wet Chemical Method
Fatih Ahmet Celik

Molecular Dynamics Investigation of a Low—Alumina Calcium Alumina Silicate Glass—Ceramic

System (%33Ca0-%5A1203-%57S102-%5T102
Meltem Coskun
Production of New Type Smart Composite Materials

Micahit Yilmaz
Unveiling Ca—Phosphosilicate Molecule Nuclear Magnetic Resonance Spectroscopy through
Quantum Programming: A Comprehensive Investigation
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18:20-18:30

0P-64 Mehmet Yasar
Title: The Relationship Between the Reaction Cross Section and The Geomagnetic Storm on 29
September 2016

Face to face

18:20-18:30

0P-65 Mehmet Hanifi Kebiroglu
Title: Investigation of Molecular Electrostatic Potentials for Serotonin, K-Serotonin and Ca—
Serotonin

Face to face

18:30-18:40

0P-67 Taner Dastan
Title: Experimental and Theoretical Investigations About Synthesis, Characterization, Biological
Activity of Some New Coumarin Derivatives

Face to face

18:40-18:50

0P-68 Taner Dastan
Title: Evaluation of Therapeutic Qualities of Propolis Samples from Sivas Province in
Caenorhabditis elagans Cultures

Face to face

Closing remarks
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FTP-1

Investigation of Molecular Structures and Spectroscopic Properties of Iron
Tetracarbonyl Nitrosyl Complex Isomers by Computational Methods

Ozge Oztarake1, Duran Karakas
Cumhuriyet University, Science Faculty, Chemistry Department, 50140, Sivas, Turkey

Abstract

eq-[Fe(CO)4(NO)]* (Cav), ax-[Fe(CO)4(NO)]* (Cav) and ax-[Fe(CO)4(NO)] (Cs) complex ions were designed for
iron tetracarbonyl nitrosyl. Experimental C-O stretching frequencies of the complex with Cy, symmetry were
used to determine the optimal computation level. The optimal level for the complexes was determined as
BVP86/LANL2DZ/6-31G(d). Optimized structures of complex ions were found at the optimal computational
level in the gas phase. From the bond angles, IR spectra and **C-NMR spectra, it was predicted that the iron atom
in each of the complexes was a triangular bipyramidal ligand field.

Keywords: Metal carbonyls, Metal nitrosyls, Spectroscopic properties, Computational studies
atom. It is assumed that each type of bonding gives

1. Introduction a different number of electrons to the metal. Iron
Metal carbonyls consisting of only CO and metal are tetracarbonyl nitrosyl complex ion with Cy
called homoleptic, while metal carbonyls containing symmetry was synthesized by J. Bohnenberger and
ligands other than carbonyl are called heteroleptic I. Krossing and some computational studies were
metal carbonyls. lron carbonyls have important carried out on the complex ion [7].

functions in many types of catalysis such as C-C

bond formation, hydrogenation and amination [1,2]. In this study, we considered that the NO ligand is

linearly bonded to the central iron atom in the NO*

A wide variety of model systems have been form and angularly bonded in the NO- form. We
developed in recent years, especially regarding the designed the schematic structures in Fig. 1. We
importance of iron nitrosyl intermediates in aimed to investigate the molecular structures and
biochemistry and medicine [3-6]. NO ligand can be spectroscopic properties of these complex ions using
linearly or angularly attached to the central metal computational methods.
0O
+ O
co T N N7
| wco | «co | «co
O=N—T~¢, OC—Fé., OC—F¢.,
| o | co | o
co CcO CO
c2v C3V Cs

Fig. 1 Schematic structures of the studied complex ions.
polarized basis set was used to model the orbitals of

2. Methods and Techniques C, N and O atoms in complex ions [13]. *C-NMR
The structure of eg-[Fe(CO)4(NO)]* (Cu), ax- spectra and chemical shift values of the complexes
[Fe(CO)a(NO)]* (Csv) and ax-[Fe(CO)4(NO)]" (Cs) at the BVP86/LANL2DZ/6-31G(d) level were
complexes were drawn in Gauss View 6.0.16 calculated using the GIAO method.

program [8]. Benchmark analysis was performed

according to the experimental C-O stretching 3. Findings and Discussion

frequencies of the complex with Ca, symmetry. The 3.1 Benchmark analysis
BVP86/LANL2DZ/6-31G(d) level was determined The process of determining the optimal calculation
as the most optimal calculation level. Quantum level for an atomic or molecular system is called
chemical calculations were performed in the gas benchmark analysis. An experimentally measured
phase in the Gaussian 16 Revision C.01 program at property of the system is calculated at various levels
the optimal calculation level [9]. The BVP86 in order to perform benchmark analysis. The level
method is a hybrid density functional theory (DFT) that gives the best agreement between the calculated
method. This method includes Becke88 exchange and measured values is chosen as the optimal
corrections [10] and Perdew86 correlation calculation level. For the eq-[Fe(CO)4(NO)]* (C.v)
corrections [11]. LANL2DZ/6-31G(d) is a mixed complex ion considered in this study, the C-O
basis set. The LANL2DZ basis set was used to stretching frequencies were measured
model the iron atomic orbitals [12]. The 6-31G(d) experimentally. Therefore, the CO stretching
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frequencies of the conformer with Cy, symmetry
were calculated at the levels of HF/LANL2DZ (1),
HF/LANL2DZ/6-31G(d) (2), HF/DEF2TZVPP (3),
B3LYP/LANL2DZ (4), B3LYP/LANL2DZ/6-31G
(d) (5) B3LYP/DEF2TZVPP (6),

BVP86/LANL2DZ (7), BVP86/LANL2DZ/6-
31G(d) (8) and BVP86/DEF2TZVPP (9). The
calculated harmonic C-O stretching frequencies are
given in Table 1 together with the experimental
frequencies.

Table 1 Calculated harmonic C-O stretching frequencies (cm™) for the eq-[Fe(CO)4(NO)]* complex with Cyy
symmetry, experimental frequencies and average of differences (AD)

Level A A, B: B2 AD
1 2420 2415 2409 2408 266.2
2 2557 2553 2549 2547 405.7
3 2545 2540 2536 2535 393.2
4 2138 2100 2094 2079 43.0
5 2263 2228 2224 2210 85.5
6 2259 2219 2215 2199 77.2
7 2052 2000 1997 1980 138.5
8 2170 2122 2120 2105 16.5
2166 2113 2112 2094 24.5
Exp [7]. 2183 2144 2137 2119 -

The average of the differences between the
calculated and experimental frequencies can be
taken as a benchmark. Therefore, the average of
differences was calculated from eq. (1) and given in
the last column of Table 1.

_le—£|

1
v 1)
Here, AD is the average of differences, C is the
calculated value, E is the experimental value, and N
is the number of values. The level with the lowest
average of differences can be taken as the optimal
calculation level. As can be seen from Table 1,
lowest average of differences is level 8. This
calculation level is BVP86/LANL2DZ/6-31G(d).

3.2 Ground state molecular structures
Molecular properties depend on molecular
structures. Therefore, the determination of
molecular structures has an important role in
predicting molecular properties. Spectroscopic
methods such as X-ray diffraction, IR, NMR are
widely used to experimentally determine molecular
structures. In order to determine the molecular
structures computationally, molecular structure is
optimized with optimal quantum chemical method
and IR and NMR spectra of the molecule can be
calculated. If a molecule is optimized by a suitable
guantum chemical computational method, the
optimized structures and the ORTEP diagrams
obtained from the X-ray diffraction method almost
overlap. The molecular structure parameters of the
molecules can be found from the optimized
structures obtained computationally.

The ground state molecular structures of the
[Fe(CO)4(NO)]* complex ions were optimized in
the gas phase at the BVP86/LANL2DZ/6-31G(d)
level and their optimized structures with atomic
labeling are given in Fig. 2.
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eq-[Fe(CO)NOJ" (Cay)

ax-[Fe(CO)4NOJ" (C3,)

ax-[Fe(CO),NOJ (Cy)

Fig. 2 Ground state molecular structures of [Fe(CO)4(NO)]*- complex ions obtained at the BVP86/LANL2DZ/6-

31G(d) level

Some molecular structure parameters of the
conformers with Cy, Csy and Cs symmetry of
[Fe(CO)4(NO)]*- complex ions are given in Table 2.
As seen in Table 2, equatorial Fe-C bonds are shorter
than axial Fe-C bonds for all three complexes. This
can be explained by the hybridization type of the
iron atom in the complexes. In all of the complex
ions, the central iron atom hybridized to dsp®. Not
all hybrid orbitals formed in this hybridization are
identical. According to the Bent rule, dp hybrids
form the axial Fe-C bonds and sp? hybrids form the
equatorial Fe-C bonds [14]. Since the s-character of
sp? hybrids is higher than the s-character of dp
hybrids and the s orbitals are closer to the nucleus,
equatorial Fe-C bonds are expected to be shorter
than axial Fe-C bonds. Findings from the
calculations confirm this prediction. In addition, the
lengths of the experimental Fe-C bonds are given as
1.838 A in the literature without making any axial-
equatorial distinction [7]. Fe-N and N-O bonds in
complex with Cs symmetry are longer than those of
complexes with Cy and Csy symmetry, and Fe-C
bonds are shorter. The longer Fe-N bond in the
complex with Cs symmetry indicates that the NO-

ligand is weaker n-acceptor than the CO ligand. The
strongest m-acceptor ligand in the spectrochemical
series is CO. The CO ligand is isoelectronic with
NO*. Significant back bonding also occurs in NO*
complexes. The longer N-O bond in the complex
with Cs symmetry than that of the complexes with
Cav and Cazy symmetry is related to the degree of N-
O bond. The degree of N-O bond is about three in
the NO* ligand and about two in the NO" ligand. The
lower N-O bond degree in the NO™ ligand causes the
N-O bond to be longer. As seen in Table 2, the C-O
bonds in the complex with Cs symmetry are longer
than those of the complexes with Cy and Cay
symmetry. This result shows that the Fe-C bonds are
strengthened in the Cs symmetrical complex, while
the C-O bonds are weakened by back-bonding.

As seen in Table 2, the angles between the ligands
in the equatorial positions are approximately 120°,
the angles between the ligands in the axial positions
are approximately 180°, and the angles between the
ligands in the axial-equatorial positions are
approximately 90°. These findings indicate that the
central iron atom is a triangular bipyramidal ligand
field.

Table 2 Some molecular structure parameters of the complexes

Co Csv Cs
Bond Length (A) Length (A) Length (A)
Fe-Ceq) 1.838 1.837 1.767
Fe-Ceax) 1.843 1.840 1.776
Fe-N 1.696 1.690 2.099
N-O 1.152 1.150 1.207
C-Oeg) 1.150 1.150 1.181
C-Om 1.148 1.149 1.180
Angle Degree (°) Degree (%) Degree (%)
Ceq-Fe-Cen) 1133 1193 1215
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Ceqy-Fe-Cea) 87.3 85.2 91.9
Ceeq)-Fe-Neg) 123.3 - -
Ciea)-Fe-Nia - 94.8 85.5
Ciax-Fe-Cean 170.1 - -
Cax-Fe-Ne) - 180.0 177.7
Fe-N-O 180.0 179.9 1205
Fe-Cian-O 179.5 180.0 1783
Fe-Ceg-O 178.4 178.3 178.8

3.3 IR Spectra in The Carbonyl Stretching

Region and Symmetry Labeling of The Peaks
Since the C-O bond stretching frequencies in metal
carbonyls are observed in a region that is quite
different from the other bond stretching frequencies
in the molecule (2200-1850 c¢cm), the molecular
structure can be determined by considering only the
C-0O bond stretching modes. Therefore, this method
is called the carbonyl factored force field method.
There are studies on the applications of this method
in the literature [15,16].

Applications of the carbonyl factored force field
method propose C-O stretching peaks of symmetry
species 2A;+B1+B; for the complex with Cay, 2A1+E

for the complex with Cs, and 3A'+A” for the
complex with Cs symmetry. Since all vibrations of
these symmetry species are IR active, four C-O
stretching peaks should be observed for the complex
with Cyy symmetry, three for the complex with Csy
(two C-O stretching peaks occur at the same
frequency since the E symmetry species is binary
degenerate) and four for the complex with Cs
symmetry. IR spectra of the complexes in the C-O
stretching region were calculated at the
BVP86/LANL2DZ/6-31G(d) level and the
symmetry labeling of the peaks are given in Fig. 3.
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Fig. 3 IR spectra of the complexes with Cyy, Csy and Cs symmetry calculated at the BVP86/LANL2DZ/6-31G(d)

level and symmetry labeling of peaks.

Examining Fig. 3, the number of C-O peaks
predicted by the carbonyl factored force fields
method is observed for each of the complexes. The
C-O stretching frequencies of the complex with Cs
symmetry, which have A’ and A” symmetries, are

quite close to each other. Therefore, C-O stretching
peaks with A’ and A” symmetries appear as a single
peak. The frequencies of the peaks are given in
Table 3.

Table 3 Frequencies (cm™) of calculated C-O stretching peaks of complex ions

Co Cav Cs

symmetry Frequencies* symmetry Frequencies symmetry Frequencies
Ay 2170.1 (2183) As 2160.1 A 1990.0

A 2122.0 (2144) A 2119.0 A 1925.0

B 2120.6 (2137) E 2104.8 A’ 1916.5

B> 2104.5 (2119) - - A" 1916.4

*Values in brackets are experimental values taken from Ref. [7].

As seen in Table 3, the C-O stretching frequencies
of the complex with C,, symmetry are greater than
those of the complexes with Csy, and Cs symmetry.

The high C-0O stretching frequency can be explained
by the fundamental equation (eq. 2) of IR
spectroscopy [17].
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In the equation (2), k represents the force constant,
w1 the reduced mass of the bonded atoms, and v the
vibrational frequency. The reduced mass for C-O
has the same value in all complexes and the other
parameters in the equation are constant. The bond
stretching vibration frequency is then directly
proportional to the square root of the bond force
constant. In general, bond force constants are also
directly proportional to bond dissociation energies.
The higher the bond force constant, the higher the
vibration frequency. According to this evaluation,
the order of k(Cs)<k(Csv)<k(Cz) can be made
among the C-O bond stretching force constants of
the complexes. A large C-O bond force constant
indicates weak carbonyl back-bonding and a low Fe-
C bond force constant. Angular binding and
negative charge of NO- ligand in this complex
caused strong back-bonding, strengthening of Fe-C
bonds and inhibition of CO emission by taking
electrons from the central iron atom of the CO ligand
to the > molecular orbital. These findings obtained
by vibration spectroscopy are also compatible with
the bond lengths obtained from the optimized
structures.

3.4 BBC-NMR Spectra and Chemical Shift Values
Nuclear magnetic resonance (NMR) spectroscopy is
a widely used technique for molecular structure
determination. Equivalent and enantiotopic atoms in
the molecule and their chemical shift values can be
determined by NMR spectroscopy. Atoms that
replace each other by rotation around an axis of
symmetry are called equivalent atoms, and atoms
that replace each other only by reflection are called
enantiotopic atoms. Equivalent or enantiotopic
atoms peak at the same chemical shift value in the
NMR spectrum [17].

13C-NMR spectra and chemical shift values of the
complexes were calculated at the
BVP86/LANL2DZ/6-31G(d) level using the Gauge-
Independent Atomic Orbital (GIAO) method. TMS
was used as reference. TMS was first optimized in
the gas phase at the BVP86/6-31G(d). Then, the
shielding of carbon atoms in TMS was calculated as
188.22 ppm with the GIAO method at the same
level. Chemical shift values of carbon atoms in
complex ions were calculated from eq (3).

§=%, -3 )

Here, & is the chemical shift value of carbon atoms
according to TMS, 2w is the shielding of carbon
atoms in TMS, and X is the shielding of carbon
atoms in the complexes. The *C-NMR spectra of
the complexes were calculated at the GIAO-
BVP86/LANL2DZ/6-31G(d) level and the spectra
are given in Fig. 4.

As seen in Fig. 4, there are two peaks with the same
degeneracy in the *C-NMR spectrum of the
complex with Cz, symmetry. Among these peaks,
the low ppm value belongs to the 2C and 3C carbons
in the equatorial position, and the high ppm value
belongs to the 4C and 10C carbons in the axial
position (Figure 2). This result shows that 2C-3C
and 4C-10C are equivalent. As seen in Fig. 2, when
the molecule with Cy symmetry is rotated 180°
around a Cp-axis passing through the Fel-N11-O7
bond axis, 2C-3C and 4C-10C replace each other
and are considered as equivalent atoms.

In 3C-NMR spectrum of the complex with Csy
symmetry, there are two peaks with different
degeneracy. According to this spectrum, 2C, 3C and
4C carbon atoms are equivalent. As can be seen from
Fig. 2, these carbon atoms are in the equatorial
position. When the molecule with Csy symmetry is
rotated 120° around a Cs axis passing through the
Fel-N10-O11 bond axis, these carbon atoms replace
each other and are equivalent atoms. In the Csy
complex, there is no other carbon atom to which 5C
is equivalent.

The carbon atoms in the Cs symmetry complex are
in three different chemical environments. In this
complex, there is only the identity operation and the
plane of symmetry. As can be seen from Fig. 2, the
symmetry plane passes through the 2C-Fe1-3C bond
bisector. When the molecule is reflected from this
plane, 2C and 3C replace each other. Atoms that
replace each other only by reflecting from a plane of
symmetry are called enantiotopic atoms. Since
enantiotopic atoms also give NMR peak at the same
chemical shift value, 2C and 3C have the same
chemical shift value. As seen in Fig. 4, NMR peak
intensities or degeneracy are directly proportional to
the equivalent atomic numbers. According to these
evaluations, it can be said that the geometry of the
central atom in the complexes is triangular
bipyramidal.
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Fig. 4 ®C-NMR spectra of the complexes with Ca, Cs, and Cs symmetry calculated at the GIAO-

BVP86/LANL2DZ/6-31G(d) level.

4. Conclusions

eq-[Fe(CO)4(NO)]* (Cav), ax-[Fe(CO)4(NO)]* (Cav)
and ax-[Fe(CO)s(NO)]" (Cs) complexes were
designed. The optimal computational level was
determined as BVP86/LANL2DZ/6-31G(d) using
the experimental C-O stretching frequencies of the
complex with C,y point group. From the molecular
structure parameters, IR and *C-NMR spectra, it
was determined that the central iron atom in the
complexes was in the triangular bipyramidal ligand
field.
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Abstract

In this study, essential oil composition of Gundelia vitekii of endemic to Turkey was studied for the first time.
The essential oil composition of the examined plant was defined at a rate of 97.4% and is shown in Table 1. A
total of 37 components were identified. Linoleic acid (49.3%), oleic acid (15.91%), palmitic acid (10.83%), 9,12-
octadecadienoic acid (7.16%) and stearic acid (3.75%) are high components. This study provided new information
about the essential oil compositions of the investigated species.

Introduction

In the historical process of the genus, Gundelia
tournefortii was cited as the only species of the
genus. However, numerous taxonomic studies in
recent years reported that there have been 22 species
of Gundelia definitioned over the years from the
East Mediterranean  region, Asia  Minor,
Transcaucasia, Iran and Afghanistan [1].

Gundelia species are widely consumed and used
medicinally and traditionally. Local people use
Kenger plant as egg meal with oli ve oil, watery food
with rice, food with garlic yogurt, salad, pickle,
gum, coffee, snack and animal feed [2].

In recent years, there have been many chemical
studies of the Gundelia tournefortii [3]. In this
study, essential oil analysis of endemic Gundelia
vitekii was were determined for the first time.

Materials and Methods
Collection of plant material

Gundelia vitekii, which constitutes the study
material, was collected in Elazig province (B7
Elazig: Sivrice, Hazar Baba mountain road, 15. km,
roadside, 01.06.2021, E. Yice 4030) in June 2021
with flowers. The aerial parts of the plant were used
for analysis. After its diagnosis, it is prepared in
accordance with herbarium techniques and kept in
Firat University

Preparing GC-MS Sample

1 g plant specimen is scaled, then 5 ml
hexane/isopropanol (3:2) is added on. It is
centrifuged for 10 minutes in 5000 rpm. The upper
part is taken and put it into test tubes with filtered. It
is vortexed with adding 2.5 ml from 2% methanolic
sulfuric acid on it. This mixture is waited in 50 °C
drying-oven for 15 hours. After 15 hours, the tubes
are taken out and cooled until room temperature and
vortexed with adding 2.5 ml 5% NaCl. Fatty acid
methyl esters in the tubesare extracted with 2.5 ml
hexane. The hexane phase is taken with a pasteur
pipette and treated with 2.5 ml of 2% Na,COs; and
allowed for 1 hour to separate the phases. The upper
phase is added to test tubes. The solvent of the
mixture containing methyl esters is the nevaporated
under nitrogen at 45 °C and the fatty acids at the
bottom of the test tubesare dissolved in 1 ml of
hexane and taken up in GC vials by mouth-capand
analyzed on a GC-MS device.

GC-MS Device Method

For essential oil extraction, Agilent brand 7890A
model GC, 5975C model MS and FID detector were
used simultaneously. Colon BPX90 (100m x 0,25
mm x 0,25 um) Colon Flow Rate (transporter gas
helium). Chromatographic conditions: Starting at
120 °C, it reaches 254 °C at 5 °C/min and wait shere
for 16 minutes. Total analysis time is 43 min.
Injection volume was selected 1 pl and splitless
mode was selected too. MS results were compared
with the Wiley and Nist libraries in the device
memory.
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Results and Discussion

Essential oil components obtained from the aerial
parts of the endemic G. vitekii plant by water
distillation were determined. These components
were determined by GC/MS, GC (Gas
Chromatography) and MS (Mass Spectrometry).
The essential oil yield of this species is 100 gr. It was
found to be 0.5 ml over the sample. The essential oil
composition of the examined plant was defined at a
rate of 97.4% and is shown in Table 1. A total of 37
components were identified. Linoleic acid (49.3%),
oleic acid (15.91%), palmitic acid (10.83%), 9,12-
octadecadienoic acid (7.16%) and stearic acid
(3.75%) are high components.

In the analysis of the volatile oil from aerial parts of
G. tournefortii [4]; a-terpinyl acetate (36.21 %),
methyl eugenol (12.57 %), eugenol (6.7 %), PB-
caryophellene (5.94 %) and zingiberene (5.84 %)
were found as the major oil components. Present
analysis results were not similar with this study
(Halabi); findings, because of the absent of the
major components (except B-caryophyllene) in
present samples.

In a 2016 study, the essential oil from the aerial parts
of Gundelia tournefortii was extracted using steam
distillation method [5]. A total of 18 compounds,
representing 88.4% total fat content was determined.
A terpinyl acetate (15.2%), eugenol (9.5%), pcyme
(9.5%), p-caryophyllene (7.1%) and estragole
(6.1%), were the main components.

Gundelia tournefortii L. is an important food source
and a well-known medicinal plant in Iran. A total of
41 compounds representing 96.2% of the volatile oil
were identified. The main constituents were thymol
(11.2%), y-terpinene (9.8%), germacrene D (6.6%)
and p-cymene (6.3%) [6].

Conclusions

In this study, essential oil composition of Gundelia
vitekii of endemic to Turkey was studied for the first
time. This study provided new information about the
essential oil compositions of the investigated
species.

Gundelia tournefortii and other species of the genus
have been recognized as a nutritious food in the
world and in Turkey, and the results highlight the
importance of these plants to local people and
support efforts towards industrial use, conservation,
renewable resources, and food nutrition and
additives.
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Number | Compounds RRI | Gundelia vitekii
% concentration
1 Methyl-9-(tert-butydiml) ethylsiloxy)-6-ethyl-2,4-nonadienoate | 2035 | 0.22
2 Decane 2197 | 0.08
3 Pentadecane 2241 | 0.27
4 Decane, 5-methyl- 2258 | 0.03
5 Decane, 4-methyl- 2262 | 0.04
6 Dodecane 2453 | 0.05
7 n-tetradecane 2521 | 0.36
8 Undecane 2595 | 0.26
9 Docosane 2752 | 0.10
10 n-tetracosane 2770 | 0.22
11 n-eicosane 2781 | 0.21
12 Tricosane 2860 | 0.02
13 Dodecane, 2-methyl 2983 | 0.04
14 Heneicosane 3021 | 0.08
15 Octadecane, 1-iodo- 3298 | 0.04
16 Hentriacontane 3325 | 0.11
17 Benzaldehyde, 4-proply- 3362 | 0.37
18 Myristic acid 3641 | 0.20
19 Isopropyl myristinate 3696 | 0.09
20 2(3H)-Furanone, 5-butyldihydro- 3785 | 0.09
21 Nonanedioic acid, dimethy| ester 3961 | 0.05
22 Lauryl alcohol 4029 | 0.10
23 3-heptadecanol 4101 | 0.37
24 Palmitic acid 4195 | 10.83
25 Isopropyl palmitate 4259 | 1.32
26 2,4-di-tert-butylphenol 4439 | 2.66
27 Stearic acid 4932 | 3.75
28 Oleic acid 5027 | 15.91
29 Propyl 9-octadecenoate 5094 | 1.81
30 Propyl 11-octadecenoate 5127 | 0.15
31 Linoleic acid 5241 | 49.30
32 9,12-octadecadienoic acid 5287 | 7.16
33 [ linoleic acid 5508 | 0.22
34 Benzenepropanoic acid 5574 | 0.49
35 Eicosatrienoic acid 5851 | 0.31
36 Docosanoic acid, methyl ester 7194 | 0.04
37 Decosapentaenoic acid 7199 | 0.05
Total 97.4
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FTP-3

Preparation and characterization of PLA-based nanofibers containing
antibacterial active lemon cypress (Cupressus macrocarpa gold crest)
essential oil

Tugba Giingor Ertugral

Faculty of Canakkale Applied Sciences, Department of Food Technology, Canakkale Onsekiz Mart
University, Canakkale, Turkiye

Nanofibres produced by electrospin technique and containing antimicrobial compounds for foods as
packaging material. Biodegradable Polylactic acid (PLA), which can replace traditional plastics, is an
economical and environmentally friendly polymer. In this study, essential oil of lemon cypress (Cupressus
macrocarpa gold crest) (CMEO) was used. Antibacterial properties of CMEO against Staphylococcus
aureus and Escherichia Coli were investigated and PLA-based PLA/CMEO nanofibres were produced that
is containing 5%, 10%, 20% essential oils and nonofibres were characterized by Fourier Transform Infrared
(FTIR), Scanning Electron Microscopy (SEM) and Thermogravimetric Analysis (TGA). Microbial analysis
results showed that CMEO was effective against Staphylococcus aureus and Escherichia Coli. SEM results
of nanofibres shows a fiber diameter of approximately 77.73 nm in PLA/CMEO nanofibre which is
containing 20% CMEO. According to TGA analysis results, nanofibres have highest degradation rate at

approximately 325°C.

Keywords: PLA, Essential Oil, Food Packaging Material, Electrospin.

Introduction

The biological effect of essential oils obtained
from plants is a known fact since ancient times
[1]. Such that essential oils of Egyptian
Cupressus macrocarpa, which is a candidate to
be used as paharmatic and antimicrobial activity
in food industry, are highly bioavailable and have
strong sensory properties [2].

Polylactic acid (PLA) was discovered at low
molecular weight in 1932 by DuPont scientist
Wallace Caruthers [3]. The polymerization of
PLA requires the monomer lactic acid (LA) with
the molecular formula is CsHsOs [4]. PLA
polymer is aliphatic and produced from natural
products such as corn, starch and sugar cane [5].
Electrospin method is an economical method for
fibers with nano diameter [6]. Electrospinning
can be briefly explained as production of fibers
in submicron fineness by applying electrostatic
forces to a polymer solution or melt [7,8].

In this study, antibacterial properties of CMEO
essential oil were examined and containing 5%,
10% and 20% CMEO; PLA/CMEOL,
PLA/CMEOQO2 and PLA/CMEQ3 nanofibres were
produced by electrospin  method and
characterized by Fourier Transform Infrared
(FTIR), Scanning Electron Microscope (SEM)
and Thermogravimetric Analysis (TGA).

Material and Method
Materials

Dimethyl formamide (DMF) and Polylactic acid
(PLA) were purchased from Sigma-Aldrich.
100% pure Cupressus macrocarpa gold crest
essential oil was commercially purchased from
BACEM Balikesir Metropolitan Municipality
Rural Services/ TURKIYE.

Cupressus macrocarpa gold essential oil
(CMEDO) antibacterial test

The standard disk diffusion method of CLSI was
used to test antibacterial activity of plant
essential oils (CLSI, 2006) [9]. Bacterial
suspension at 100 um (0.5 McFarland turbidity)
was spread on Luria Bertani Agar (LBA) plate.
Test material was placed on LBA and incubated
at 24 hours and 37°C and measured to diameters
of inhibition [10,11].

Preparation of PLA/CMEO nanofibres

While preparing nanofibres, 0.4 g of PLA was
dissolved in 5 ml of DMF (v/v) CMEO was
added to dissolved polymer and injected into a 5
ml syringe. With NE 100 electrospining system
(Inovenso LLC. Istanbul, Turkey) at 17 kV, 25
°C and solution flow rate is 0.62 mL/h (New Era
Pump Systems, Farmingdale, NY) and distance
at 17.0 cm adjusted and applied [12].
Characterization of PLA/CMEO nanofibres
FTIR analysis of PLA and pure PLA nanofibres
was performed with a spectrum 100 FT-IR
spectrometer and transmission mode at
resolution of 4 cm™ and nanofibres were scanned
at wavelengths between 4000 cm™* and 650 cm
[13]. TGA analysis of nanofibres shows that
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thermal degradation of PLA and pure PLA
nanofibres was determined with TGA 8000
Perkin Elmer, USA between 0-700 °C at heating
rate of 10 °C min' under a nitrogen atmosphere
[14]. SEM images were analyzed with a high
resolution Carl Zeiss 300VP capable of sensing
150 Pa pressure using real lenses powered by
Gemini SEM Technology and featuring Nano VP
reducing beam broadening [14,15].

Result And Discussion

In the CMEOQ antibacterial effect test, inhibition
zones of 10 mm against S. aureus and 16 mm
against E. Coli were formed at petri dishes in
trials with certain percentages of CMEO.
Considering diameter sizes, it can be said that
CMEDO is effective against S.aureus and E.Coli
at certain rates (Picture 1) [16].

Picture 1. Activity bf Cupressus macrocarpa gold essential oil against S.aureus(a) and E.Coli (b)

According to FTIR analysis, relative strength of
the peak at 1762 cm*, which belongs to carbonyl
group in PLA, also decreased with additional of
essential oils. For PLA/CMEO blends, these
peaks were net in pure PLA. The result

corresponded to a decrease in tensile property
with inclusion of CMEO (Fig.1). TGA curves of
PLA/CMEOQO3 nanofibre shows that maximum
degradation rate of nanofibre is about 325°C

(Fig.2) [17].
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Figure 1. FTIR spectrum of pure PLA and PLA/CMEO3 nanofibres
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Figure 2. TGA curve of PLA/CMEO3 nanofibre
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According to results of SEM analysis, CMEOs were
prominent on nanofiber (Fig.3) and film density
decreased with increase of the oil percentage [18].
Diameter of PLA/CMEO3 nanofiber was measured
as 77.73 nm (Fig. 4).

Conclusion

In this study, it was seen that PLA formed composite
with CMEO and nanofibre was formed successfully.
Cupressus macrocarpa gold essential oil is effective
against S.aureus and E.Coli bacteria, and nanofibres
produced by dispersing essential oil in PLA may
also gain antibacterial properties [16]. TGA result of
PLA/CMEO3 composite nanofibre which has
highest essential oil content nanofibres was
examined and maximum degradation was observed
at approximately 325°C [17]. Use of PLA/CMEOQO
nanofibres can benefit for food, pharmaceutical and
cosmetic industries.
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Abstract

The effects of cathodic potential on CdS thin films fabricated by using electrodeposition were investigated in
detail. The cathodic potential values were adjusted between -0,55 V and -0,70 V. The structural, optical and
morphological properties of the films were analyzed by using X-ray diffraction, ultraviolet-visible spectroscopy
and scanning electron microscopy, respectively. Compact films with good crystallinity were obtained at the
cathodic potential value 0f-0,60 V and -0,65 V. Ultraviolet-visible spectroscopy was used for estimating the energy
band gap. The energy band gaps varied from 2,03 eV to 2,43 eV.

Keywords: Cadmium sulphide, CdS, Electrodeposition

Introduction

adjusted to 6,5. The experiments were completed in

Cadmium sulfide (CdS) is an n-type semiconductor
and has a direct optical band gap of about 2.2 eV to
2.6 eV at room temperature. 11-VI group metal is

2400 seconds. Electrochemical deposition system
demonstrate in Figurel was used all experiment.
The depositions contexts are shortened in Table 1.

known as chalgogenide semiconductor [1]. Surface
morphologies of CdS thin films affect their optical
properties. This is an important factor for the
applications of photovoltaic devices. For this reason,
morphology controlled CdS thin film production is
technologically important [2, 3, 4]. CdS thin films,
thermal evaporation [5], vacuum evaporation [6],
chemical vapor deposition [7], electrodeposition [8,
9], RF sputtering [10], chemical spraying [4],
sequential ionic layer adsorption and reaction
(SILAR) [4], chemical bath storage [11, 4]. Among
these methods, electrodeposition stands out as an
attractive technique for the preparation of thin films
in commercial quantities because it requires
relatively inexpensive equipment, allows deposition
over large areas, and is easy to control the growth
parameters [12, 9].

Material and Method
In this study, CdS thin films were produced on ITO-

coated glass substrates by using ) ) N
Chronoamperometer, one of the electrodeposition Figure 1: Electrochemical deposition system
techniques. A three-electrode

galvanostat/potentiostat device was used in the
experiments. ITO is used as working electrode,
saturated calomel electrode as reference electrode
and platinum wire as counter electrode here. 0,1 M
CdCl; and 0,1 M Na2S,03 were dissolved in 100 mL
deionized water. The bath temperatures were kept at
constant value of 80+2 °C. The solutions pHs were
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Table 1: The deposition conditions of the CdS thin

films
c c
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= £ 2| ZI=S8 2SS =€
= O o |@ | Ll|o E |g o
S § g § E ag:' = =2 q8; =%%) T
4 (050 |I86sZ28asl0&8 188 |
D1 0,1 0,1 2400 |-0,55 [B0+2 6,5
D2 0,1 0,1 2400 0,60 B0O+2 6,5
D3 0,1 0,1 2400 |-0,65 [B0+2 6,5
D4 0,1 0,1 2400 |-0,70 802 6,5

The crystallographic properties were analyzed with
a PANalytical empyrean X-ray diffractometer. The
transmittance and band gaps of the films were
investigated by using a JASCO V-530 double-beam
uv-vis spectrophotometer. A Zeiss supra 40VP SEM
was used to determine surface properties of the
films.

The X-ray diffraction patterns of the films

When XRD patterns are examined, it is seen that
CdSs films can be produced in Figure 2 and Figure 3.
It is shown in Figures 2 and 3 that all films produced
have peak intensities belonging to the (002) planes.
It is understood from Figure 2 that the peak intensity
of the (002) plane of the CdS film produced using
the -0,65 V value of the cathodic potential is very
high. This peak is related to the Cubic structure.
XRD analysis of CdS films produced using a
cathodic potential of -0,70 V shows the presence of
Cadmium and Sulfur peaks. In addition, it is seen
that the films produced using the cathodic potential
values of -0,55 v and -0,65 V have peaks belonging
to the (111) plane. Film thicknesses were
determined using the gravimetric method and all
films have thicknesses in the range from 500 nm to
650 nm. It was observed that the thickness increased
as the cathodic potential value used for the
electrodeposition process increased.
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2.2. Optical properties of of the Films

The absorbance measurements versus wavelength
were given in Figure4. The Tauc relation given in
Equation 1was used to estimate energy band gaps.
ahv = A(hv — Eg)" Q)

where hv is photon energy, A is constant, Eg is
optical band gap, n = for direct band gap material
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and n = 2 for indirect band gap materials [13].
Figure 5 shows the Tauc plot of CdS films. By using
this graph, the forbidden band gap of CdS films was
calculated in the range of 2 to 2,43 eV. This value is
in good agreement with the literature. The band gaps
of the films were affected by the crystal size.
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Figure 4 : The absorbance measurements of CdS
films
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Figure 5 : The Tauc plot of CdS films

2.3 SEM images of the Films

SEM images of the films produced using -0,65 V
and -0,70 V cathodic potential, at 30000 times
magnification, are given in Figure 6 and Figure 7,
respectively. It has been shown from the SEM
images that the cathodic potential value has a great
influence on the surface morphologies. The surface
of the film obtained at -0,65 V is estimated to have
relatively low surface roughnesses.

Figure 6: SEM images of the films produced using
-0,65 V cathodic potential

Y e

Figure 7 : SEM images of the films produced using
-0,70 V cathodic potential

3. Conclusion

In this study, the effects of cathodic potential on
electrodeposited CdS thin films were investigated.
The XRD results showed that the peak intensity was
predominantly high when the cathodic potential was
-0,65 V. In addition, XRD results showed that all
films formed in cubic crystal structure except the
film produced at -0,70 V. The optical properties of
the films were analyzed using absorbance
measurements. It was observed that the film
obtained by using a cathodic potential of -0,65 V
showed high transmittance. It was concluded that
low surface roughness and good crystallization may
cause this result. The energy band gaps of the films
range from 2 eV to 2,43 eV and are in agreement
with the studies in the literature. As a result, in this
study, it is thought that the films produced by
keeping the experimental conditions constant and
using the -0,65 V cathodic potential are more
suitable for the solar cell sub-base.
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Abstract

W bosons are electrically charged gauge bosons that mediate the weak force, which is responsible for important
processes such as beta decay and neutrino interactions. These particles are quite massive, with a mass of around
80 GeV/c? and are produced in high-energy particle collisions. To study these particles, ensemble machine
learning techniques can be applied to identify patterns and correlations in large datasets of high-energy particle
collisions. In this talk, implementation of ensemble learning to W boson analysis is discussed focusing on
challenges and opportunities of using machine learning. The results demonstrate the potential of ensemble learning

in physics analysis.

1. Introduction

The W boson, one of the elementary particles
predicted by the Standard Model of particle physics,
is one of the significant probes for understanding the
fundamental forces and elementary particles. As a
carrier of the weak force, the W boson plays a
crucial role in processes such as beta decay and
neutrino interactions. Studying the properties and
behaviors of the W boson provides valuable insights
into the nature of the electroweak interaction [1].
The characteristic features of the boson are listed in
Table 1 [2].

Table 1: Characteristic features of W Boson [2].

Mass (GeV/c?) 80.377+0.012
Lifetime (s) ~3x107%
Charges +/-1

The CMS (Compact Muon Solenoid) experiment at
the Large Hadron Collider (LHC) at CERN, has
been developed to understand characteristics of
subatomic particles through high-energy collisions.
In 2010, the CMS detector collected a rich dataset
from proton-proton collisions at a center-of-mass
energy of 7 TeV [3]. This dataset is available for
various types of experimental measurements,
providing a comprehensive view of the particles
produced during the collisions.

Machine learning (ML) and artificial intelligence
(Al) techniques are powerful tools in the field of
particle analysis, revolutionizing the way to study
particle physics. Particle physics experiments
generate vast amounts of complex data requiring
sophisticated  analysis methods to extract
meaningful insights. Machine learning algorithms
offer a unique capability to automatically learn
patterns, correlations, and intricate relationships
within these datasets, enabling researchers to
unravel the properties and interactions of particles
more effectively. In this study, the W boson was
analyzed with the ML model, which is Random
Forest (RF) [4], by using the CMS 2010 proton-
proton collision dataset. The performance of the
algorithm was evaluated to classify events involving
the W boson accurately.

1.1 Random Forest Classifier

The Random Forest (RF) [4] Classifier, one of the
popular ensembles learning methods, has
demonstrated high performance in various domains,
including particle analysis. Ensemble learning refers
to the combination of multiple individual models to
make collective predictions, resulting in improved
accuracy due to the reduction of the correlations. In
RF, it constructs an ensemble of decision trees
through  bootstrap  sampling and  feature
randomization, in which each tree independently
contributes to the final prediction. The combination
of these decisions reduces overfitting, overlearning,
and enhances the generalization ability of the model.
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Numerous studies have successfully applied the
Random Forest Classifier in particle physics [5-7],
demonstrating its ability to handle datasets and
accurately classify particle interactions [8,9]. The
model provides a robust framework for particle
analysis, enabling reliable identification and
characterization of particles within complex
collision data.

2. Dataset
Implementation
The CMS 2011 proton-proton collision at a center-
of-mass energy of 7 TeV dataset was used for the RF
application to the W boson analysis [10, 11]. The
dataset contains information about the decay
products of the boson, electron (e7), or positron (e*)
and the corresponding neutrino (ve). This
information are run number, event number,
transverse momentum of the electron (p.),
pseudorapidity of the electron, the angle of the
electron direction, the charge of the electron, type
representing electromagnetic calorimeter
information of the electron, the difference in
between the track and the cluster (A¢), the
difference in between the track and the cluster, the
weighted cluster, the ratio of the energies stored in
hadronic and electromagnetic calorimeter, the
isolation variable for tracks, the isolation variable
for the electromagnetic calorimeter, the isolation
variable for the hadronic calorimeter, the missing
transverse energy (MET)which is information of the
neutrino, and missing energy angle. The primary
objective is to classify events involving W bosons
accurately by using the features in the dataset having
discriminative power. For this purpose, ~405k
events including electrons and neutrinos (ve) were
analyzed. For the analysis an event was studied if
there was one electron in the event with p>25 GeV
and the event was rejected if there was a second
electron present with p>20 GeV. The transverse
mass of the was reconstructed by the equation
represented below

Description and Model

M, = /2p,MET (1 — cos (Ag)) Equation (1)
and the distribution is represented in Figure 1. The
events having W boson labeled as signal class
similar to the particle physics analysis [12] including
89069 events. The rest of the dataset was considered
as background. As a result, before the model
implementation signal and background classes were

defined. For the model application 70% of data was
separated for training and the rest for the test.

20000

15000 4

10000

e

0 20 40 &0 80 100 120
Transverse mass [GeV]

0

Figure 1. Transverse mass distribution of the
dataset.

3. Model Performance Results

The performance of RF for event classification of W
boson was assessed by metrics derived from
confusion matrix which represents the success of
ML model to find W boson events. An example of
the confusion matrix is demonstrated in Figure 2. In
the figure, true positive (TP) is the data belonging to
the W boson signal which is correctly detected by
the ML method; true negative (TN) represents the
background correctly determined by the ML model;
false negative (FN) indicates the signal detected as
the background by the model, and (iv) false positive
(FP) represents the data corresponds to the
background which was identified as a boson signal
by the model. In the ideal case, FP and FN values
are expected to be 0.

2 | TrueNegative | False Positive
2 (TN) (FP)
=z
@
3
P
fzj False Negative True Positive
2 (FN) (TP)
o
MNegative Positive
Predicted

Figure 2. Confusion matrix.

ML evaluation metrics used in the analysis were
selected as precision, recall, F-1 score, and ROC
AUC [13] since the dataset is not highly imbalanced.
Recall or sensitivity is the ratio of the signal
correctly detected by the model in the dataset to the
entire true signal class. It will be calculated as in
Equation 2 using the parameters in the confusion
matrix [14]. The precision represents the
performance of the algorithm in detecting the signal
presented in Equation 3 [14]. The F1 score, which
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enables the evaluation of model performance by
considering sensitivity and precision together, will
be calculated with the harmonic mean as shown in
Equation 4 [14]. ROC [13] was used to understand
how well RF identified the boson events by using
area information under the curve (ROC AUC). The
values close to 1 indicate that the model has
excellent performance.

Precision=TP/(TP+FP) Equation (2)

Recall=TP/(TP+FN) Equation (3)

F-1 Score=(2xPrecisionxRecall)/(Precision
+Recall) Equation (4)

The metric values are represented in Table 2. ROC
graph is demonstrated in Figure 3. The model
identified W boson 99. 986% success with 99.248%
precision and 99.267% sensitivity.

Table2. RF performance evaluation.

Model Precision Recall F-1
Score
RF 0.99248 0.99267 0.99253
1.0 r iy =

o o =]
. o @

True Positive Rate

P

T —— ROC curve (AUC = 0.99986)

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

Figure 4. ROC curve of RF model.

4. Conclusions

The study demonstrates the application of the
Random Forest Classifier to investigate the
characteristics of the W boson using the CMS 2010
proton-proton collision dataset at Vs=7 TeV. The
application results highlight the classifier's ability to

accurately identify W boson events, shedding light
on the properties of the W boson in the algorithm
implementation. This research contributes to the
understanding of the performance of machine
learning on particle physics analysis. In future
studies, it is aimed to expand the analysis by
incorporating more advanced machine learning
techniques, such as deep learning models, to further
improve the classification performance.
Additionally, including data from more recent
collision experiments will enable to explore the
evolution of W boson characteristics with increasing
energy.
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We calculated the structural and electronic properties of CsSnBrs in the cubic structure. The calculations of
CsSnBrs structure were performed for unit cell and supercell (2x2x2) with 40 atoms. Also, the supercell of
CsSnBrs by replacing one Sn atom by one Ni atom was obtained. First of all, the lattice parameters were
determined by geometric optimization. We also obtained bond lengths and electronic band structure, total density
of states (DOS) and partial density of states (PDOS) of the structures using geometrically optimized structures.
All calculations were performed using Vienna Ab Initio Simulation Package (VASP) code with ab-inito method
based on standard Density Functional Theory (DFT). The generalized gradient approach (GGA) within the
Perdew-Wang (PW91) scheme was applied to treat the exchange-correlation fucntion. We compared our results

with other available theoretical and experimental results.

Keywords: Sn-based perovskite, structural, bond length, electronic structure, DFT

1.Introduction

Recently, metal halide perovskites have been
attracted instead of lead (Pb)-based perovskite for
solar cell and optoelectronic applications in the
theoretical and experimental research. Metal halide
perovskites which exhibit excellent properties like
Pb-based perovskites because of environmentally
problems and toxicity which is caused by Pb. Thus,
the researchers have focused halide perovskite
instead of Pb-based perovskite. This perovskite
group have been attracted are widely studied in solar
cell and optoelectronic applications [1]. Perovskites
semiconducting materials have an important role on
the progress of the third-generation photovoltaic
cells. Thus, the solar cell based on perovskites have
been attracted in experimental and theoretical
studies because of excellent physical and chemical
properties. The tunable electronic band gap is the
most important advantage of the perovskites [2].
Typically structure of perovskites with chemical
formula ABX3 have unit cell that includes five atoms
in a cubic structure. While A and B represent cation,
X refers to I, Cl, Br and F with halogen group. The
Goldschmidt tolerance factor should be close to 1
for cubic structure because of protect of high-
symmetry structure [3]. Pramchu et al. studied
CsSnBrj; electronic properties using DFT with GW
method for more accurate electronic band gap. They
reported its band gap is suitable for solar cell

applications. Although the electronic band structure
of cubic CsSnBr3 has been widely studied by several
groups, it is relatively unknown is compared to
tetragonal and monoclinic phase. Zheng et al.
focused the electronic properties of CsSnBrs; using
experimental and theoretical method. They reported
that CsSnBr; has a narrow-band gap. It exhibits
semiconductor behavior characterization with band
gap near the Fermi level. Also, they calculated that
the conduction band and valance band changed with
phase transition which occurred from a cubic phase
to tetragonal phase [4].

2. Computational details

In this work, we calculated the effect on structural
and electronic properties of metal (Ni) dopant in
CsSnBrs3. The supercell (2x2x2) which contain 40
atoms were obtained for CsSnBr; and Ni-doped
CsSnBr3 structure. We calculated the structural and
electronic properties of CsSnBrs. Firstly, lattice
parameters of unit cell structure and the supercell of
CsSnBr3 by replacing one Sn atom by one Ni atom
were obtained using geometric optimization. The
one Sn atom replacing by Ni atom correspond to
12.5 % concentration. The supercell (2x2x2) which
contain 40 atoms were obtained for CsSnBr3; and Ni-
doped CsSnBrs structure. All calculations were
performed using VASP code [8,9] based on DFT.
The GGA within the PW91 scheme was applied to
treat the exchange-correlation function. The cutoff
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energy was 620 eV, 500 eV and 500 eV for unit cell, CsSnBrs is a cubic face-centered cubic structure
supercell and Ni-doped supercell, respectively. The with space group Pm-3m (No: 221). The structure
Monkhorst-Pack scheme of 5x5x5 was taken for all contains five atoms in unit cell. There is one Cs
structures. atom, one Sn atom and 3 Br atoms. The Wyckoff

. positions are 1a (0,0,0) fractional coordinates, 1b
3. Structural Properties (0.5, 0.5, 0.5) and 3c (0, 0.5, 0.5) for Cs, Sn and Br

3.1. CsSnBrs structural properties atoms, respectively.

Table 1. The lattice parameters (a/A), volume (Vo/A3) of CsSnBrs.

Structure a Vo
; _ b
Unit cell 5.873, 5.802°, 5.608", 5.804¢ 202.576, - (Calc., GW), 204° (Calc., GGA),
196 (Exp.)

Supercell 11.758 1625.835

Ni-doped supercell 11.746 1620.6103
2], °[5], “[6],
The unit cell, supercell (2x2x2) and the supercell of that 8 Cs atoms, 8 Sn atoms and 24 Br atoms, totally
CsSnBrs by replacing one Sn atom by one Ni atom 40 atoms. All images were visualized using VESTA
are given Figure 1. The supercell (2x2x2) includes program [7].

<)

Figure 1. Crystal structure of CsSnBr; a) unit cell b) supercell (2x2x2) with 40 atoms c¢) Ni-doped of supercell
(2%2x2) with 40 atoms
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3.2. CsSnBr3 bond lengths

ABX; type perovskite can be categorized in organic-
inorganic halide perovskites an all-inorganic halide
perovskite [15]. In this structure, B is bonded to six
X halogen ions. Thus, BXg octahedra form with
corner-connected occur [17]. The chemical
composition determines the crystal structure and
stability of perovskite. In ABX3 chemical formula,

A is a cation and B is a metal ion, X is halogen. Li
et al. reported that the halide ions passing through
from I, Br, Cl and F, the electronegativity increases,
and the ionic radius is smaller. It refers that
increasing the chemical bonding between halide
ions and cations with A and B [16]. We calculated
that Cs-Br, Cs-Cs and Br-Sn bond lengths. Table 2
shows that these calculated bond lengths.

Table 2. The calculated bond lengths (A) of CsSnBrs

Structure Cs-Br Cs-Cs Br-Sn
Unit cell 4.152 5.873 2.936
4.162° 5.886° 2.9432
Supercell 4.157 5.879 2.939
Ni-doped supercell 4.152 5.873 2.936

1]

Hossain et al. reported that interaction between B
and X with CI, Br and | ion group is directly affect
the band gap of halide perovskite. Also, A cation
don’t directly affect the band gap. The covalent
interactions between Sn and X becomes stronger
from | to Br, then to Cl because of the bond length
between Sn and X decrease passing Cl to Br, then to
I [17].

4. Electronic band structure

4.1. CsSnBrs electronic band structure and
density of states (DOS)

The experimental and theoretical studies show that
the most effective way to improve the optical and

electronic properties of all-inorganic halide
perovskites is doping metal. Especially, rare earth
dopants on the Pb site have exhibit excellent
optoelectronic properties. The band which is close
to Fermi level is relationship with physical
performance of the material [10]. The electronic
band structures of CsSnBr; compound were
calculated using PW91 function along the high
symmetry points (X - R - M - I'- R). The high
symmetry points in reciprocal lattice at Brillouin
Zone of CsSnBr3 compound was calculated for
cubic structure. The calculated electronic band gaps
(Eg) of CsSnBrs are given Table 3.

Table 3. The electronic band gap of CsSnBrs structure

Structure Eq (eV)

Unit cell 0.597, 0.58?% 0.35°, 0.630¢, 0.62¢
Supercell 0.594

Ni-doped supercell Metallic, 0.16°

*[11], °[12], [13], °[14], °[10]
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Figure 2. Electronic structure and DOS of CsSnBr; a) unit cell, b) Ni-doped supercell

It was found that the direct electronic band gaps (Eg)
are at point R and T" for unit cell and supercell,
respectively. The Fermi level (Es) is illustrated as
dashed line in Fig. 2. We observed that the valance
band exceed the Fermi level for Ni-doped supercell.
Its mean that Ni-doped CsSnBrs; exhibits metallic
behavior. It can be concluded that metal dopant is
one of the important methods for improving
electronic band structure. Also, we calculated DOS
and PDOS for detailed understanding electronic
band structure. As it seen DOS and PDOS graphs,
the sharp peak was observed about -2.5 eV in
valance band for all structures. Also, the
hybridization was observed in this region. Tang et
al. focused on the structural stability and
optoelectronic properties of CsSnBrs; compound.
The maximum point of valance band and minimum
point of conduction band are located at point " of the
Brillouin Zone. Also, the weak hybridization
between Sn-p and Br-p orbitals was reported at -5
eV and -3 eV. They reported that band gap of Ni, Zn
and Cd-doped structure transition from the direct
band gap to an indirect band gap. Also, Ni-doped
CsSnBrs structure exhibits half-metal behavior. The
band gap of Ni-doped CsSnBr; was reported 0.16
eV. While they calculated that the expanding band
gap with doping Mn, Cr and Cu dopants in CsSnBr3
structure [10]. Ye et al. reported that the different
halogen changes the positions of valance band
maximum and conduction band minimum. Also, the
valance band maximum of CsSnBrj is higher than
CsSnCls and CsSnlz [17]. Li et al. reported that B

site metal and X-site halogen ion directly effect the
band gaps of the ABX; type perovskite [13].
Hosaain et al. studied on the optoelectronic
properties of CsSnBr; perovskite under hydrostatic
pressure. They focused on the relationship between
bond length and electronic band structure. They
reported that CsSnBrs  exhibit  metallic
characterization, when the bond lengths reach a
certain value under hydrostatic pressure [1].

4. Conclusions

In this study, we aimed to calculate the structural and
electronic properties of unit cell, supercell and also
Ni-doped supercell of CsSnBrswith cubic structure.
Especially, we investigated the effect of metal (Ni)
dopant on the structural and electronic band gap of
the CsSnBrs. We created supercell for doping of the
metal dopant on the CsSnBr3 structure by replacing
one Sn atom replacing by Ni atom. Lattice
parameters and band gap, DOS and PDOS were
calculated of all structures at ambient pressure. We
observed that calculated bond lengths are similar to
both unit cell and supercell structure. The band
structure of unit cell a direct band gap reveals at
point (R>R). While unit cell structure exhibit
semiconductor behavior with narrow-band gap, Ni-
doped supercell structure exhibits metallic behavior.
It was observed that valance band exceed the Fermi
level for Ni-doped CsSnBrs;. From the DOS and
PDOS graphs of all structures, the sharp peaks were
observed about 5 eV in conduction band and about -
2.5 eV in valance band. It can be concluded that it is
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one of the important methods of the improving of
the band structure is metal dopant for the host
material.
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Thin films with moderate thermoelectric properties are utilized in energy harvesting, solid-state cooling, and
thermoelectric generators due to their ability to directly convert heat into electrical energy. The application of heat
treatment has been found to enhance the thermoelectric properties of thin films, and the regulation of thin film
annealing temperature together with surface microstructure is of paramount importance in energy harvesting. In
the present study, the technique of magnetron sputtering was employed to fabricate thin films of Bi-Sb-Te, a
widely recognized thermoelectric material, on Si(100) substrates. Subsequently, the thin films underwent
annealing at a temperature of 250°C for a duration of 1 hour within a high vacuum environment characterized by
a pressure of 2x10°mTorr. The thin film structure was evaluated using X-ray diffraction (XRD), scanning electron
microscopy (SEM), and atomic force microscopy (AFM) measurements [2]. The measurement of electrical
resistivity was conducted on thin films within the temperature range of room temperature (RT) to 250 °C. The
electrical conductivity of crystalline thin films was enhanced through the process of vacuum annealing. After
undergoing heat treatment at ambient temperature, the electrical resistivity of the power factor in the
thermoelectric phenomenon, which quantifies a material's capacity to convert heat into electricity, exhibited a
notable increase of approximately threefold. The results of this study indicate that the implementation of a Bi-Sh-
Te thin film on a rigid Si(100) substrate as an energy harvesting device has the potential to enhance the efficiency
of thermoelectric energy generation. The research places significant emphasis on enhancing the annealing
temperature and surface microstructure of thin films in order to enhance their thermoelectric performance. This
has far-reaching implications for applications related to energy conversion and heat management.

Introduction

Novel environmentally friendly energy sources,
such as  thermoelectricity, triboelectricity,
piezoelectricity, pyroelectricity, etc., have been the
focus of study in response to the energy problem and
global warming [1-4]. Among the many types of
emerging  energy  materials, thermoelectric
technologies stand out for their unique ability to
directly  transform  heat into electricity.
Thermoelectric devices are advantageous because
they do not pollute the environment, last a long time,
require little to no maintenance, and have a high
degree of dependability. A wide variety of sensors,
air conditioners, and heat exchangers employ it. At
room temperature (RT), the best thermoelectric
characteristics are seen in the combination
BixShy xTes (0<x<2), often known as bismuth
antimony telluride [4, 5]. Low-dimensional
materials such as thin films have been the subject of
intensive study in recent decades [6-9] with the

result showing significant improvements in the
thermoelectric characteristics of materials compared
to their higher-dimensional counterparts. While this
is happening, the demand for miniaturization may be
met with the aid of thin film thermoelectric
materials. As a result of its potential for large-scale
production of superior films, magnetron sputtering
was adopted as the development technique of
choice. The best thermoelectric performance may be
attained in bismuth telluride (BiSbTe) thin films by
maintaining a stoichiometric ratio of [BiSb] to [Te].
Single target sputtering and varying sputtering
capabilities of BiShTe targets have been widely
employed in studies to fine-tune compositions.

Exploring novel methodologies to effectively
engender bulk-like thermoelectric properties in thin
films in a manner that emulates the volumetric
attributes of their bulk analogue constitutes a
formidable challenge at the forefront of solid-
science research. Developing high-performance
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thermoelectric thin films at room temperature is
critical for numerous applications and is a subject of
ongoing research. Heat-treated Bi-Sb-Te thin films
with a thickness of ~50 nm on rigid substrates have
shown promising potential for achieving these
desirable properties. In this work, thermoelectric
performance can be significantly enhanced by
optimizing the annealing temperature and surface
microstructure, ultimately improving the energy-
harvesting capabilities of these materials. To
analyze the structural, morphological, and electrical
properties of heat-treated BisShssTesg thin films
investigated through X-ray diffraction, scanning
electron microscopy, atomic force microscopy, and
resistivity measurements, in the following steps, the
analysis will be conducted to investigate the impact
of vacuum annealing on the enhancement of
electrical conductivity. Subsequently, an evaluation
will be undertaken to explore the resulting
improvements in power factor performance, thereby
demonstrating the potential utilization of these
materials in the field of thermoelectric energy
generation. The analysis of these results will be
conducted to determine their relevance in the
context of enhancing high-performance
thermoelectric devices, as well as their potential
impact on the environment and economy. To
improve the efficiency of waste heat utilization for
power generation and promote the development of
sustainable energy solutions, it is imperative to
optimize both the annealing temperature and surface
microstructure. This optimization process allows us
to harness waste heat more efficiently, reducing our
dependence on conventional energy sources. This
study's main goal is to lay the groundwork for
thermoelectric material advancements and their
practical applications in real-world scenarios.

Materials and Methods

A thermoelectric thin film of BisSbsgTess was
deposited at room temperature on a Si(100) substrate
using a single-target sputtering method. There is just
one circular target and one RF power source in this
magnetron sputtering system. As is well-known,
magnetron sputtering offers several scientific
advantages, including large output with fewer
contaminants and simplified manipulation. In this
study, a magnetron sputtering process was employed
using a target with a diameter of 50 mm. The target
material was a single piece of high-purity Bi-Sh-Te
alloy with a purity of 99.9%. Before the deposition
process, the substrates underwent a thorough
cleaning procedure. Firstly, they were washed in
deionized water, followed by immersion in an
ultrasonic bath containing alcohol for 10 minutes.
These cleaning steps ensure the removal of
impurities and contaminants from the substrate
surface. To create the desired composition of 4-38-
58, the deposition chamber was evacuated to a

pressure of 2 x 10° mTorr. During the sputtering
process, Ar was introduced into the chamber at a
flow rate of 30 sccm. The working pressure was
maintained at a constant value of 5 mTorr. This
controlled environment allows for precise control
over the sputtering process and facilitates the desired
composition. To enhance the uniformity of the
deposition, the substrate holder was set to rotate at a
speed of approximately 12 rpm. This rotation aids in
achieving a more uniform deposition across the
substrate surface.

To determine the chemical formula of elemental
concentrations, energy-dispersive X-ray
spectroscopy (EDX) data were collected and
analyzed. The determined mean concentrations were
found to be within 1 at.% of the expected nominal
values. This level of accuracy demonstrates the
effectiveness of the magnetron sputtering process in
achieving the desired composition. Furthermore,
SEM/EDX scans were conducted to validate the
random distribution of components at the
microscopic level. These scans provide visual
confirmation that the components of the deposited
film are uniformly distributed throughout the
substrate surface, ensuring the desired properties
and performance of the deposited material.
Magnetron sputtering with a high-purity Bi-Sb-Te
target offers significant advantages, such as large
output with minimal contaminants and simplified
manipulation. Through careful control of the
deposition parameters and thorough cleaning of the
substrates, the sputtering process yields precise
compositions, validated by EDX analysis and SEM
micro-imaging. This scientific approach enables the
production of high-quality thin films with controlled
compositions for various applications.

The AFM measurements were performed in tapping
mode, which is a non-destructive mode that can be
used to measure the topography of films. The AFM
measurements were performed at a scan rate of 1 Hz,
which is a slow scan rate that allows for high-
resolution imaging, and in air, which is a common
environment for thin-film devices. A four-point
probe system was used to measure the electrical
resistance of thin films of thermoelectric materials
in a vacuum atmosphere. The four-point probe
system was capable of measuring between room
temperature and a 250°C baseline pressure of about
5 x 107° Torr using a turbomolecular pumping unit.
The high temperature resistivity measurement (p(T))
was performed on the basis of the general four-point
probe method. The p(T) system had a current
operating range of 100 fA to 100 mA (Keithley,
6221) and a measuring voltage of 10 nV to 12 V
(Keithley, 2182A/E).

Results and Discussion
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To gain further insights into the alloy BiShTe target,
scanning electron microscopy (SEM) was utilized,
and images obtained from this technique are
represented in Fig.1. According to Fig.la, the
surface of the bulk alloy to be used as the target has
been found to have an almost homogeneous
distribution. Additionally, an energy-dispersive X-
ray spectroscopy (EDX) analysis was performed on

the target, providing a spectrum that reveals the
elemental composition. Figure 1b displays the EDX
analysis of the alloy, accompanied by the
corresponding elemental mapping. The results
obtained from the study provide evidence that the
alloy meets the initial specifications. Additionally,
the results indicate the absence of any localized
buildup of elements.
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Fig 1. BiSbTe alloy target a) SEM image and b) EDX energy spectrum of image with the inset of elemental

The structural experimental investigation involves
the examination of BiSbTe-based thin films both
before and after heat treatment. X-ray diffraction
(XRD) patterns were obtained to analyze the
crystalline structure of the films. The XRD patterns,
presented in Fig. 2, were carefully analyzed to
extract valuable information about the films'
structural characteristics. Prior to heat treatment, the
XRD patterns revealed that the films exhibited
diffraction peaks corresponding to the R-3m space
group. This space group indicates a rhombohedral
crystal structure, which is consistent with the
expected crystal structure of BiSbhTe-based
materials. The presence of well-defined diffraction
peaks in the XRD patterns indicates that the films
possess a considerable degree of crystallinity.
Following the heat treatment process, an intriguing
observation was made. The XRD patterns of the
films after heat treatment exhibited narrower peak
widths compared to the patterns obtained before heat
treatment. This phenomenon suggests that the heat
treatment led to an improvement in the crystalline
quality of the films. The reduction in peak widths
can be attributed to several factors. Firstly, the heat
treatment process may have facilitated the removal
of defects, such as vacancies or grain boundaries,
which can introduce structural disorder and broaden
the diffraction peaks. As a result, the narrower peak
widths indicate a reduction in the presence of such
defects, leading to an enhancement in the overall
crystalline quality of the films. Moreover, the heat
treatment process may have induced a partial
recrystallization or rearrangement of the film's
atomic structure. This recrystallization process can

mapping

result in larger and more coherent crystalline
domains, thereby leading to sharper and narrower
diffraction peaks in the XRD patterns. The observed
improvement in the crystalline quality of the films
after heat treatment is of significant importance [10-
12].

A higher degree of crystallinity generally correlates
with improved electrical properties in thermoelectric
materials. Therefore, the narrower peak widths in
the XRD patterns indicate a potential enhancement
in the thermoelectric performance of the BiSbhTe-
based thin films. It is worth noting that a more
detailed analysis, such as peak broadening analysis

using the Scherrer equation or further
characterization techniques like transmission
electron microscopy (TEM), could provide

guantitative information about the crystallite size,
lattice strain, and microstructural changes induced
by heat treatment. The XRD analysis of the BiShTe-
based thin films revealed that they were
predominantly crystallized in the R-3m space group.
After heat treatment, a noticeable improvement in
the crystalline quality was observed, as evidenced
by the narrower peak widths in the XRD patterns.
This improvement suggests a reduction in defects
and a potential enhancement in the thermoelectric
performance of the films. Further investigations and
complementary characterization techniques can
provide deeper insights into the microstructural
changes induced by heat treatment, facilitating a
more comprehensive understanding of the film's
structural properties and their correlation with its
thermoelectric behavior.
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Fig 2. XRD patterns of room temperature deposited and high-vacuum annealed at 250°C thin films

In addition to the observed changes in peak widths,
the examination of specific hkl planes in the XRD
patterns provided further insights into the structural
evolution of the BiSbTe-based thin films. A notable
shift was observed in the orientation of the hkl
planes from (015) to (1010) after heat treatment.
This shift indicates a change in the preferred
crystallographic orientation or texture of the films.
The shift in the texture structure suggests that the
heat treatment influenced the growth axis of the
films. The change in preferred crystallographic
orientation can be attributed to the rearrangement of
atoms and the recrystallization processes that
occurred during heat treatment. These processes can
lead to the alignment of crystallographic planes
along specific directions, resulting in a preferred
orientation or texture. The influence of texture
structure on the properties of thin films is
significant. The orientation of crystallographic
planes affects the anisotropic properties of the films,
including electrical conductivity and thermal
conductivity. In the case of thermoelectric materials,
such as BiSbTe-based films, texture structure can
influence  the  thermoelectric  performance.
Therefore, the observed shift in the hkl planes from
(015) to (1010) indicates a change in the growth axis
and suggests that the heat treatment influenced the
texture structure of the BiSbTe-based thin films.
This structural evolution has the potential to impact
the thermoelectric properties of the films, and
further investigations are warranted to explore the
relationship  between texture structure and
thermoelectric performance.

AFM measurements were conducted on the BiSbTe-
based thin film after vacuum annealing. The AFM
measurements encompassed various parameters,
including topography, amplitude, and frequency,
which were analyzed to gain insights into the
morphological changes induced by the annealing
process. The topography analysis, as shown in Fig.
3a, provides a visual representation of the surface
features and roughness of the thin films. It can be
observed that the annealed films exhibit a smoother
surface with reduced surface irregularities and
roughness. This improvement in surface smoothness
can be attributed to the recrystallization and
restructuring processes that occur during the
annealing process. The annealing treatment likely
facilitates the removal of surface defects and the
enhancement of atomic ordering, resulting in a more
uniform and less rough surface topography. The
amplitude and frequency analyses, also presented in
Fig. 3b and c, provide information about the surface
properties and the presence of surface variations on
a nanoscale level. After vacuum annealing, it can be
noted that the amplitude and frequency of surface
variations are reduced compared to the as-deposited
films. This reduction suggests a decrease in the
occurrence of surface defects, such as grain
boundaries, dislocations, or other forms of surface
roughness [13, 14]. The annealing process likely
promotes the healing and restructuring of the thin
films, resulting in a more homogeneous and
smoother surface at the nanoscale level.
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Fig 3. AFM measurements of high-vacuum annealed at 250°C thin films a) topography, b) amplitude, c)
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The 3D-AFM and roughness measurements reveal
that the vacuum annealing treatment has a beneficial
effect on the morphological properties of the
BiShTe-based thin films as seen Fig. 3d and e. The
annealed films  exhibit improved surface
smoothness, reduced surface irregularities, and
decreased surface variations at both micro and
nanoscale levels. These morphological changes are
indicative of the restructuring and recrystallization
processes occurring during annealing, which
contribute to the improved surface quality and
homogeneity of the films. The observed
morphological improvements have significant
implications for the thin films' overall performance,
particularly in energy harvesting applications. A
smoother and more uniform surface topography can
enhance the contact between the thin film and other
components in a device, leading to improved
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electrical and thermal transport properties and
ultimately enhancing the efficiency of energy
conversion. AFM measurements of the BiSbhTe-
based thin film after vacuum annealing provide
valuable insights into the morphological changes
induced by the annealing process [14]. The annealed
films exhibit smoother surface topography, reduced
surface irregularities, and decreased surface
variations at both micro and nanoscale levels. These
morphological improvements are beneficial for
achieving enhanced performance in energy
harvesting applications. Further investigations and
complementary characterization techniques can
provide additional quantitative information about
the surface morphology and its correlation with the
thin films' electrical, thermal, and energy harvesting
properties.
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Fig 4. a) Resistivity and b) electrical conductivity for room temperature deposited and high-vacuum annealed at

250°C thin films

The temperature-dependent resistivity
measurements were conducted to investigate the
effect of heat treatment under vacuum on the
electrical properties of the BiSbTe-based thin films.
The measurements included both electrical
resistance and electrical conductivity, which were
analyzed before and after the heat treatment, as
presented in Figs. 4a and 4b, respectively. The
results of the resistivity measurements reveal
significant changes in the electrical properties of the
thin films after heat treatment. Comparing the
electrical conductivity and electrical resistance
values before and after heat treatment, it can be
observed that the most notable change occurs at
room temperature and also at high temperatures.
After heat treatment, the electrical conductivity at
room temperature increases approximately fourfold,
while the electrical resistance also increases by a
similar factor. This change indicates an overall
reduction in the electrical conductivity of the films
after heat treatment. At higher temperatures, the
differences become even more pronounced. The
electrical conductivity at elevated temperatures after
heat treatment increases up to 4 times compared to
the pre-heat treatment state, same as the electrical
resistance shows. This significant increase in both
electrical conductivity and resistance at high
temperatures suggests a substantial modification in
the electrical transport properties of the thin films
induced by the heat treatment process [6].

The observed changes in electrical conductivity and
resistance can be attributed to several factors. Heat
treatment under vacuum is known to induce
structural changes in thin films, such as
recrystallization, grain growth, and the removal of
defects [15, 16]. These structural modifications can
alter the electronic and phonon scattering
mechanisms within the material, affecting the
overall electrical transport behavior. The increase in
electrical resistance and decrease in electrical
conductivity after heat treatment indicate an
increase in the scattering of charge carriers,
impeding their mobility. This can be attributed to
changes in the crystal structure, grain boundaries,
and defects present in the films. The enhanced
scattering phenomena lead to an overall reduction in
electrical conductivity and an increase in electrical
resistance. The temperature dependence of the
electrical properties also highlights the role of heat
treatment in altering the thermal activation energy of
charge carriers. The substantial increase in electrical
conductivity and resistance at high temperatures
suggests a change in the energy barriers for charge
carrier transport within the thin films. Further
investigations and complementary analyses are
warranted to gain a deeper understanding of the

mechanisms underlying the observed changes in
electrical properties and their correlation with the
microstructural changes induced by heat treatment.

Conclusion

In conclusion, our research has provided valuable
insights into the optimization of thermoelectric thin
films for energy harvesting. Through extensive
experimentation and analysis, it was observed that
the utilization of BiSbTe thin films on rigid
substrates resulted in an increased efficiency of a
thermoelectric energy generator. This finding
suggests that these thin films hold promise as
effective energy harvesters. The investigation
involved a comprehensive study of the physical and
chemical properties of the BiSbTe thin films.
Various characterization techniques were employed
to assess their structural, electrical, and thermal
properties. This included techniques such as X-ray
diffraction (XRD), scanning electron microscopy
(SEM-EDX), and electrical conductivity
measurements. By thoroughly examining these
properties, a deeper understanding of the material’s
behavior and its potential for energy harvesting
applications was achieved. To enhance the
performance of the BiSbTe thin films, a range of
processing and fabrication techniques were
developed and employed. These techniques aimed to
optimize the film's structure, composition, and
morphology, ultimately improving its
thermoelectric properties. The effects of heat
treatment and other processing parameters were
investigated to identify the optimal conditions for
achieving high-performance thin films. The
application of these BiSbTe thin films in power
generation was explored.

By identifying key parameters and conducting
rigorous experiments, it is possible to fabricate thin
films with superior performance compared to
traditional energy sources. With continued
refinement and optimization, thermoelectric thin
films have the potential to become a reliable,
efficient, and cost-effective solution for energy
harvesting applications, contributing to a more
sustainable and greener future. We have identified
several key parameters that must be considered in
order to optimize the performance of these materials
and have conducted a range of experiments to
illustrate their importance. As a result, we are able
to produce thermoelectric thin films with superior
performance compared to traditional energy
sources. The results of this investigation indicated
that it is possible to fabricate thermoelectric thin
films with performance levels comparable to bulk
thermoelectric materials, making them a viable
alternative in energy harvesting applications. With
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further optimization and refinement, thermoelectric
thin films could become a reliable and cost-effective
energy harvesting solution.
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