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Prediction Score Measurements for Prognostic and Health Management
Data Challenges

Oj uz BEKTAK

Introduction

In the evolving field of Prognostics and Healthcare Management (PHM3gtreh for
accurate and reliable data has been a-gtagding challenge (Javed et al., 2017). Over the
years, the field has witnessed remarkable developments in both technology and methodology
and PHM data challenges have served as a major source featiomoand progress in the field.
Particularly, the performance measurements introduced by these data challenges have a very
significant realm in the field of PHM. These metrics serve as benchmarks to measure the
accuracy, effectiveness, and overall parfance of prognostic systems. They provide a
structured framework for evaluating how well a system performs in terms of predicting health
and anticipating potential problems. Performance metrics are, in essence, a critical bridge that
connects the theoretitconcepts of PHM to reaborld applications.

This section discusses the importance of measuring performance through metrics and
highlights the importance of these measurable indicators in assessing the effectiveness of
prognostic systems. Through thesetnts, PHM research can gain invaluable insight into how
their systems are performing and whether they are on track to achieve predefined goals.

In the following sections, this work delves deeper into the field of Prediction Score
Measurements, drawing @comprehensive analysis of various datasets published in the PHM
space. Through this research, it is aimed to provide a clearer understanding of the key metrics
used to evaluate the predictive capabilities of PHM systems and their vital role in achieving
overall business goals.

PHM 2014 Data Challenge

The specifics of the 2014 Data and domain are not disclosed due to proprietary concerns
(Garvey, D., and Wigny R. 2014The datasets include TrainPart Consumption, Train
Usage, Train Failures, Test Part Consumption, TestUsage, and Test Instances.

For the submission, the result file's line should indicate the threshold value that separates
assets into low and higlisk categories based on their health scores.-tiskvassets have
scores below tkilimit, while highrisk assets have scores above it. Also, the file should contain
three columns: asset ID, calculation time, and health score. A health score of O represents a
healthy asset, with larger values indicating more severe degradation. Tagstdstand times
are designed to include a balanced sample of instances where assets either did or did not fail in
the immediate future (within 3 time units). The scoring of submissions is based on the following
formula Garvey, D., and Wigny R. 2014)
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where:

1 N s the number of samples for both types (with and without immediate failure,
making a total of 2N).

1 L is the number of samples without an immediate failure and classified as low
risk.

H is the number of samples with an imnagd failure and classified as high risk.

1 This score formula likely evaluates the performance of submissions in predicting
asset failures based on the provided data.

This score formula likely evaluates the performance of submissions in predicting asset
failures based on the provided data.

PHM 2015 Data Challenge

This challenge involves predicting plant failures in advance using sensor data and fault
codes Justinian et al.2015) Data includes sensor measurements, control signals, zone data,
and fault evets for multiple plants. The goal is to predict future failures of typgdrbm past
data. Training data is provided for around 30 plants, and test data for approximately 10 plants
with missing fault information. Teams can submit predictions once a vaeekihe scoring
system evaluates the accuracy of fault detection with éhonetolerance.

The scoring system evaluates the performance of fault detection by giving credit for
correctly identifying a fault within an hour of its occurrence (true positipesvhile penalizing
incorrect identifications (false positivgsand false negatives). The overall prediction score
for a plant test file is determined using the following formula that takes into account a table of
confusion scores for the first 8vfault codes (N=5)J(stinian et al2015)

YOI B tzain p RGN MR

PHM 2016 Data Challenge

The PHM 2016 Data challeng®rppes and Rosca, 201f)cuses on predicting the
removal rate of material during the Chemibétchanical Planarization (CMP) process.
Participants can use physibased or statistical approaches. The system involves a CMP tool
with various components like a rotating table, gloing pad, wafer carrier, slurry dispenser,
and dresser. The objective is to estimate the removal rate using providedPrdgias(and
Rosca, 2016)Training and test data sets are given, and submissions should include predicted
removal rates for each wafand stage.

In the scoring process, the final score for all submissions will be determined by
considering two main factors. The majority of the score, 90%, is attributed to the Mean Squared
Error (MSE) accuracyRropes and Rosca, 2018)dditionally, thee is a 10% weight assigned
to evaluating the physidsased modeling approach based on specific criteria, which include
estimating the impact of dresser condition on the polishing pad removal rate (3%), estimating
the effect of polishing pad condition orethremoval rate (3%), and assessing the influence of
other parameters on the polishing pad removal rate (4%).

PHM 2017 Data Challenge

The PHM 2017 Data challenge focuses on combining physised modeling and
statistics for predicting vibrations in a comi®nal bogie vehicleRosca et al., 2017)The



system consists of a vehicle body, bogies, and wheelsets with various sensors to measure
accelerations. The goal is to connect physical aspects to the data, considering variations in track
conditions, vehiclgparameters, and sensor data, including vertical accelerations, speed, mass,
and track information.

This challenge involves predicting faulty operation of a train car using sensor data. The
data includes various sensor readings, vehicle parameters, @nihtoamation. The goal is to
identify when the train car is faulty and, if so, determine which component is at fault. Training
and testing data are provided for this task.

In the competition, participants have their scores calculated based on twovekjettie
first objective assesses the accuracy of predicting healthy and faulty operation of a car. The
scores are calculated using an accuracy rate measure, and the final score is the sum of scores
from both objectives.
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The second objective aims to measure the sensitivity in detecting specific faults by
calculating the proportion of accurgteedictions for each fault type divided by the total number
of faulty instances.
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PHM 2018 Data Challenge

This data challenge focuses on analyzing the fault behavior of an ioetchiltool used
in wafer manufacturing (Bonatakis, 2018). The ion mill etching process involves steps such as
wafer insertion, configuration, processing, and removal. It employs an ion source to generate
ions, which are accelerated through electric gadsating an ion beam that removes material
from the wafer. A Particle Beam Neutralizer control system influences ion distribution. The
wafer is cooled by a helium/water system, with various potential failure mechanisms, such as
leaks and wear. The goalt predict and schedule maintenance for these ion mills to prevent
failures.

The data challenge aims to create a model using time series sensor data from ion mill
etching tools (Bonatakis, 2018). It has two main goals:

1 Detect and identify failures.
i Predictthe remaining useful life until the next failure.

The predictions for tim¢o-failure should only rely on past and current tisegies data,
without trying to predict the exact failure point and then backtrack.

Scoring is done by comparing a submittedetio-failure (TTF) prediction with a correct
TTF. Each prediction is given a sgbore based on specific rules. Thesesudres are added
up for each prediction, divided by the total number of cells, and then summed for the entire file.
A lower score indiates a better prediction.



(GT) Ground Truth (SUB) Submission

TTF TTF Score

Number Number exp(0.001*GT)*abs(GTSUB)
NaN Number exp(0.001*SUB)*SUB
Number NaN expF0.001*GT)*GT

NaN NaN 0

PHM 2019 Data Challenge

The data from PHM 2019 Data Challenge (Corbetta et al. 2019) is based on the work of
Peng et al. (2015). Participants in this data challenge must estimate crack lengths in an
aluminium structure subjected to dynamic tensile loading conditions. Data feam gensors
and loading conditions were collected, and ground truth data for crack length is provided for
testing. Participants must provide estimates for validation sets containing only sensor data and
future load conditions. Modddased and datdriven gproaches are encouraged. Validation
data is released incrementally, and submissions are scored using a specified scoring function.

In the challenge, the scenario includes measurements from piezoelectric (PZT) sensors
attached to aluminium specimens schbgel to fatigue testing. Cracks develop in the specimens,
and failure occurs when a specific crack length is reached. Ultrasonic waves are used to detect
these cracks, and the distance between the actuator and receiver is 161 mm. The goal is to
predict crak lengths in lap joint structures.

i Training Data: Six specimens (A16) provide ultrasonic data, true crack length
measurements, and loading profiles.

i Validation Data: Two specimens (T7 and T8) offer ultrasonic data, but crack
lengths must be predicted they are not provided.

1 Performance Evaluation: Predicted crack lengths will be evaluated using an error
function. Submissions are required for specific cycle numbers.

The data is organized into folders by specimen, with description files, loading profiles
and sensor signals. Specimen T8 has variable amplitude loading. Crack length is measured as
a percentage of full crack length at failure. Normalization will be applied for scoring, as the full
crack length is unknown during submission.

Time Penalty Funcion:
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This penalizes latetage prediction errors more than eaigige ones inrack growth.



Asymmetric Penalty Function:
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The penalty for underestimating crack length is higher than for overestimation due to
more severe consequences.

Monotonicity Penalty Function:

O QI npwizingl I sSNQ@I 1w 11 1T
0 QI 1 f@@I 1w u
an npTm

Penalizing normonotonic crack length estimates is necessary, especially when data
driven methods produce results that don't align with tlysipk of crack growth.

Overall Penalty Function:
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The score ranges from 0 to infinity, with a perfect score of 0 achieved when the prediction
matches the ground truth.

PHM Society Data Challenge 2021

PHM Society Data Challenge 2021 focuses on predicting the remaining useful lifetime
(RUL) of aircraft engines within a variable flight envelope and with multiple possible failure
modes (Chao et al. 2021). Participants are taskéd creating a datdriven model using
condition monitoring data to estimate RUL, using a subset of &/ IMPSS dataset's\(ias
Chao et al. 2021runto-failure degradation trajectories. The system under analysis is a
commercial turbofan engine withxsmain components: fan, lepressure compressor (LPC),
high-pressure compressor (HPC), combustor, {pggssure turbine (HPT), and lepvessure
turbine (LPT). The HPC and HPT are connected by the core shaft, while the fan, LPC, and LPT
are connected by tHan shaft (May et al. 2010). The engine also includes various additional
features like an inlet, rear nozzle, bypass duct,-stge bleed valve, guide vanes, and cooling
bleeds.

Model performance will be assessed using an independent validation ddtaset
evaluation metric combines reoteansquare error (RMSE) and NASA's scoring function,
with the formula:

i Qén artYOD YO i ar ti
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where:
M a& . isthe total number of validation dataset

1 Y denotes the difference between the estimated RUL and the true RUL of the k
sample

1 The value ofUis 1/13 when RUL is underestimated and 1/10 otherwise.sThe
metric it produces is asymmetric and penalizes overestimation more than
underestimation.

PHM Asia-Pacific 2023 dataset:

JAXA (The Japan Aerospace Exploration Agency) is working to enhance PHM
technology for spacecraft propulsion systefsI{IAP, 2023) Limited telemetry was obtained
in orbit due to sensor constraints and downlink capacity. They developed a numerical simulator
to predict spacecraft propulsion system behaviour accurately undarssedinditions and fault
scenarios.
Experimental Scenarios:

1 A propulsion system using water pressurized to 2 MPa is employed with four
solenoid valves (S\\EV4) simulating thrusters.

1 Pressure data is collected at a 1 kHz sampling rate for 1200 ms, andidolen
valves are opened and closed to induce pressure fluctuations.
Competition Goals:
91 Determine whether test data is normal or abnormal.

1 Identify the type of abnormality (bubble contamination, solenoid valve fault, or
an unknown fault).

i For bubble contamiri@n, pinpoint the bubble's location among eight
possibilities.

For solenoid valve faults, identify which of the four solenoid valves failed.

Predict the opening ratio for faulty solenoid valves (0% <= Opening ratio <
100%).

Scoring:
Normal/abnormal clasication: Up to 10 points.
Correct classification of abnormality type: Up to 10 points.

= =4 4 -

Correct identification of bubble location: Up to 10 points.

11



91 Correct identification of the faulty solenoid valve: Up to 10 points.

1 Accurate prediction of the openingitor faulty solenoid valves:
i A1 @b 'QQCEb ol'die

PHM North America 2023 Conference Data Challenge:

PHM North America 2023 Conference Data Challenge focuses on estimating gearbox
degradation under various conditioas)phasizing trust, robustness, and explainability metrics,
along with the requirement for confidence measures in submitted reBHMNA, 2023)
Participants were required develop a fault severity estimate using provided data, including
healthy and faultystates. They needed to generalize their models to unseen conditions and
express confidence in their predictions.

Various health states (ranging from 0 to 10), where O signifies a healthy state and 10
represents the most degraded state, were submitteddong metrics. These 11 health states
are ordinal, meaning that each successive state reflects more degradation. Although each health
state can be assigned a probability between 0 and 1, the sum of all health state probabilities
must not exceed 1, cortsiing a discrete probability distribution.

The final part of the submission was reserved for indicating confidence in the discrete
probability distribution, and it is a binary classification, with O denoting low confidence and 1
denoting high confidencét's important to note that higtonfidence submissions carry more
weight in the final scoring, whereas las@nfidence submissions have a lower weight.
Likewise, incorrect predictions with a high confidence level incur a more substantial penalty.
The exactewards or penalties depend on the discrepancy between the predicted label and the
true label, as specified by a formula that takes into account the confidence factor and health

State scores.
I
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The confidence factor here is 0.2 for a reported confidence of 0 and 1 for a reported
confidence of 1.

Future of Metrics for Prognostic and Health Management

In conclusion, the field of Prognostics and Healthcare Management (PHM) has made
significant progress in technology and methodology, driven in part by data challenges.
Performance metrics have become egem assessing the accuracy and effectiveness of
prognostic systems, connecting theoretical concepts towadd applications. Future
developments in the role and future of scoring functions will continue to be crucial in advancing
the field of PHM byproviding valuable insights into system performance and its alignment with
predefined goals.

12



REFERENCES

Arias Chao, M., Kulkarni, C., Goebel, K., & Fink, O. (2021). Aircraft enginetain
failure dataset under real flight conditions for prognostics and diagnd3#ts.6(1), 5.

Bonatakis J., Chokor A. and Propes N. (2018). The PHM Data Challenge 20X#walA
Conference of the Prognostics and Health Management Society 2018

Chao, M. A., Kulkarni, C., Goebel, K., & Fink, O. (2021). PHM Society Data Challenge
2021.In Annual Conference of the Prognostics and Health Management Society 2021

Corbetta, M, Banege P., Doughty K. Clements S. & Goebel (R019). The PHM Data
Challenge 2018. Iiinnual Conference of the Prognostics and Health Management Society
2019

Garvey, D., and Wigny R. (2014). The PHM Data Challenge 20X%nmouial Conference
of the Prognosticand Health Management Society 2014

Javed, K., Gouriveau, R., & Zerhouni, N. (2017). State of the art and taxonomy of
prognostics approaches, trends of prognostics applications and open issues towards maturity at
different technology readiness leveMechanical Systems and Signal Processig) 214236.

Justinian R., Williard N., Eklund N. and Song(Z2015). The PHM Data Challenge 2015.
In Annual Conference of the Prognostics and Health Management Society 2015

May, R., Csank, J., Lavelle, T., Litt, J., & Guo, T. H. (2010, October). A-hafgtity
simulation of a generic commercial aircraft engine and controller. 46th
AIAA/ASME/SAE/ASEE Joint Propulsion Conference & Ex[jihi6630).

Peng, T., He, J., XiangY., Liu, Y., Saxena, A., Celaya, J., & Goebel, K. (2015).
Probabilistic fatigue damage prognosis of lap joint using Bayesian upddtognal of
Intelligent Material Systems and Structur2g(8), 965979.

Propes N. and Rosca J., (2016). The PHM Datdl€ige 2016. IMAnnual Conference
of the Prognostics and Health Management Society 2016

PHMAP (2023). PHM AsigPacific 2023 Conference Data ChalleniyeA Asia Pacific
Conference of the Prognostics and Health Management Society 2023

PHMNA (2023). PHM Noith America 2023 Conference Data Challentye Annual
Conference of the Prognostics and Health Management Society 2023

Rosca J., Propes N. and Girstmair B. (2017). The PHM Data Challenge 2@hnual
Conference of the Prognostics and Health Managemenn¢t$&017

13



Maj or Oxéde And Trace El ement Char a
For mat @éon Dol ométes (Konya North

Al i M¢jdat ¥zZK.

Introduction

The aim of this study is to examine the dolostones (Middle Devdroarer
Carboniferous) belonging to the Bladkdlatjict For ma
in the northwest of Konya (Figure 1), according to their major and trace element g®perti

The study area i sBoll&kcaatdead € rmetlhhe K¢t ahhyea K

The Bozdaj]j Formation, which forms the basis
massive bedded limestone, dolomitic limestone, dolostone, and calaitit o st one ( ¥z |
2016) . The Bozdaj Formation dol ostone types

dolomite disseminated in the micritic matrix, (3) crack and void fill dolomite, and (4) stylolytic
dol omite (¥zkan, 2016) .

The Srcontent (2023 p m) of t he Bozdaj Formation dol
Sr values of the burial dolostones. -BMle Na ¢
ppm) is also consistent with the Na content of burial dolostones. The Fe and Mn contents of
B o z d a ] atioR dotostones (@616 and €232 ppm, respectively) support the Fe and Mn
contents of the buri al dol ostones. Maj or o]
Formation dolostones indicate diagenetic alteration and insignificant terrigenous input.

TheBbozdaj Formation dol ostones must have be
temperatures in a mediudeep burial environment from partially evaporative, altered sea water
with some meteoric water effect.

-
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Figure 1.Location (GoogleMaps) angeolgi cal map of the study are

2016)
Four measured stratigraphic sections were
(2016) . Stromatoporoid bioherms are al so enc

which contain abundant fossils (mosfiynphiporg.

1Assoc. Prof . Dr . Al i M¢ j dat ¥ZKAN; Konya Technical
Department of Geological Engineering. amozkan@ktun.edu.tr ORCID IE0006686327X
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Major Oxide and TraceE| e me n t

Properties

of

t he

Bozdaj

Analysis results of 16 dolostone samples are given in Tables 1 and 2. Based on this
analysis data, major oxide and trace element values and geochemical interpretation of the

Bozdaj For matweremaded ol ost ones
Tabl e 1. Maj or oxide contents of
Sample| SiO, | Al,O; | F&O; | MgO | CaO | N&O | KO | TiO, | P:Os | MnO | LOI
A185 0.25 | 0.04 | 0.25 | 20.99 | 29.64 | 0.04 | 0.02 | <0.01 | <0.01 | 0.02 | 48.6
Al15 0.54 | 0.26 | 0.30 | 21.32| 30.17 | 0.03 | 0.08 | <0.01 | <0.01 | 0.02 | 46.7
A50 0.35 | 0.08 | 0.19 | 21.10| 30.56 | 0.03 | 0.02 | <0.01 | <0.01 | 0.03 | 46.6
Al 0.17 | <0.01 | 0.31 | 20.83| 29.93| 0.04 | <0.01 | <0.01 | <0.01 | 0.02 | 48.2
B291 0.63 | 0.32 | 0.17 | 21.12| 30.65| 0.02 | 0.11 | 0.02 | <0.01 | <0.01 | 46.1
B234 0.86 | 0.47 | 0.05 | 20.89 | 30.04 | 0.02 | 0.16 | 0.02 | <0.01 | <0.01 | 46.4
B210 0.32 | 0.13 | 0.23 | 20.59 | 30.23 | 0.03 | 0.04 | <0.01 | 0.01 | 0.01 | 47.0
B77 0.30 | 0.13 | 0.66 | 21.48| 30.53| 0.02 | 0.04 | <0.01 | <0.01 | 0.01 | 46.6
B6 0.17 | 0.05 | <0.04 | 20.36 | 31.91| 0.03 | 0.02 | <0.01 | 0.01 | <0.01 | 47.0
C153 | 0.52 | 0.26 | 0.16 | 20.94 | 30.70 | 0.02 | 0.09 | 0.01 | <0.01 | <0.01 | 46.6
C78 0.34 | 0.15 | 0.13 | 20.86| 30.59 | 0.05 | 0.05 | <0.01 | <0.01 | <0.01 | 46.9
C22 0.36 | 0.13 | 0.47 | 21.12| 30.10| 0.02 | 0.05 | <0.01 | 0.02 | 0.03 | 47.3
D17 0.14 | 0.04 | 0.14 | 21.48| 30.65| 0.03 | 0.02 | <0.01 | <0.01 | <0.01 | 47.2
D11 0.16 | 0.07 | 0.10 | 21.35| 30.53| 0.03 | 0.02 | <0.01 | <0.01 | <0.01 | 47.2
D8 0.23 | 0.10 | 0.19 | 21.09| 30.82 | 0.03 | 0.03 | <0.01 | <0.01 | <0.01 | 47.0
D4 0.30 | 0.15 | 0.20 | 21.38| 30.77 | 0.02 | 0.05 | <0.01 | <0.01 | <0.01 | 46.7
Tabl e 2. Trace el ement contents of
Sample Sr Ba Rb Fe Mn Al Na
A185 27.9 <1 0.3 1748 155 212 297
Al115 28.1 2 1.7 2098 155 1376 222
A50 106.1 4 0.2 1329 232 423 222
Al 24.8 1 <0.1 2168 155 0 297
B291 55.8 5 2.1 1189 0 1693 148
B234 66.5 2 2.6 350 0 2487 148
B210 81.8 1 0.6 1609 77 688 222
B77 20.1 2 0.6 4616 77 688 148
B6 82.8 5 0.1 0 0 264 122
C153 73.3 3 1.9 1119 0 1376 148
C78 67.7 4 0.9 909 0 794 371
Cc22 30.1 1 0.6 3287 232 688 148
D17 54.7 2 0.1 979 0 212 297
D11 83.2 2 0.2 699 0 370 297
D8 66.4 2 0.5 1329 0 529 297
D4 122.5 3 0.9 1399 0 794 148
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In the mole %MgC@mol%CaCQ graph, it is observed that there is a strong positive
relationship between the MgGQontent and the CaGQCrontent (Figure 2). A positive
correlation is observed between $#nd AbOs in the %SiQ-%Al>0s graph (Figure 3).
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Figure 3. % Si@% AbOsgr aph (from ¥zkan, 2016)

In the %KO-Rb graph, gositive correlation is observed between Rb content angD%K
(Figure 4). In the FMn graph, a positive relationship is observed between Mn and Fe content
in dolomites, that is, as the Fe content increases, so does the Mn content (Figure 5).
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Figure 5. %FeMn graph (from ¥zkan, 2016)

In the FeAl graph, a negative relationship is observed between the Al content and the Fe
content in the dolostones (Figure 6). A positive correlation is observed betwegmcthatent
and the CaCecontent in the dolostones in theGaCQ graph (Figure 7). In the SvigCOs
graph, a positive correlation is observed between Sr content and MgGtent in dolostones
(Figure 8). In the SMn graph, a negative correlation is ob&x between Sr content and Mn
content in dolostones (Figure 9). In theF&rgraph, a negative correlation is observed between
the Sr content and the Fe content in the dolostones (Figure 10). In-Mgd%@:; graph, a
negative correlation is observed betnehe Fe content and Mg@€ontent in the dolostones
(Figure 11). In the F€aCQ graph, a negative correlation is observed between the Fe content
and the CaCexcontent in the dolostones (Figure 12).
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Geochemical Comments

The positive correlation between mol% Ca&hd mol% MgCQ observed in the
B 0o z d aratioA dotostones (Figure 2) indicates dolomitization developed from evaporative
waters. During dolomitization, as the Ca ions in the dolomite minerals move away from the
environment, the ratio of Mg ions increases. Thus, the composition of the dolomiedfo
approximates that of the ideal dolomite (stoichiometric dolomite). However, the dolomites in
our samples are in @&h nonstoichiometric dolomite composition (Figure 2). Due to the
semistable nature of the dolomites, they are expected to becongestoachiometric during
progressive recrystallization (Gao and Land
Akdaj 2005) . However, S 0 me -riclkedolenasitesanayerenmin h a v e
stable for long periods of time (Lumsden and Chimahusigy8 O ; Reinhold 1998;
Ak daj] 2 9ichmgnstoicliametric dolomite is generally expressed as a function of the
Mg/Ca ratio of the dolomitized solution and the liquid/rock ratio during dolomitization. As
these ratios decrease, rstiwichiometic dolomite rich in Ca is formed. The presence of calcian
dolomites indicates that it is composed of a solution with a low Mg/Ca ratiestéachiometric
calcian dolomite can easily form in a partially closed system under rock control (Sperber et al.
1984 ; T°r°k 2000; Kérmacé and Akdaj 2005) .

The Mg/ Ca ratio in the Bozdaj For mati on
stoichiometric calciunrich dolomites attributed to the basinal salty formation waters, which
shows that the formation waters are ened in calcium and depleted in magnesium with
increasing temperature during burial.

Concentrations of trace elements in dolostones; can be determined by the concentrations
of these elements in the pore fluids, the degree of openness of the diagenetic system, and the
effective distribution coefficient of trace elements between dolomitenarer (Suzuki et al.

2006).

Although Fé* and Mrf* are in lower concentrations than™Nand K' in meteoric waters,
if Fe and Mn increase while Na decreases in samples, this is probably related to the continuous
reduction of abundant organic matter (Mahbiet al., 2002). In addition, reducing forms of
Fe* and Mrf* are found in carbonate minerals; therefore, an increase in Fe and Mn
concentrations indicates that carbonates precipitate under reducing conditions (Land, 1986;
Mahboubi et al., 2002; Adabi0R9). The reducing conditions increase with increasing burial
depth (Adabi, 2009).
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Barnaby and Read (1992) emphasized that the positive correlation between Fe and Mn is
a commonly observed feature in burial dolomites. The positive correlation betweed Ma a
observed in Bozdaj formation dolomites (Figu

Primary oxic marine carbonates have been estimated to have <100 ppm Fe and <10 ppm
Mn (Veizer 1983; Satterley et al. 1994), where levels of these elements redle#dgtee of
diagenetic enrichment. Fe-4®16 ppm, average 1551.7 ppm) and MfR282 ppm, average
67.7 ppm) contents in the Bozdaj Formati on
enrichment.

It is difficult to determine whether Mg, Fe, and Mn are oi#d from previous carbonates
(Srinivasan et al., 1994). Rich Fe concentrations may be the result of primary formation from
Ferich fluids (Srinivasan et al., 1994). Iron oxide incrustations are likely to form on detrital
grains during atmospheric expos@&inivasan and Walker, 1993; Srinivasan et al., 1994), so
they can be preserved as local sources of Fe under reducing diagenesis conditions.
Alternatively, recrystallization of early fingrained dolomites (poorly ordered and very low
stoichiometric) dung burial in the presence of compaction from basinal fluids (Mazzullo,
1992) may contribute to increasing’Feoncentrations (Srinivasan et al., 1994).

The infiltration of neassurface oxidized liquids into dolomites may explain dolomite
dissolution and subsequent oxy/hydroxide precipitation (Nader et al., 2007)}sIN&sre
waters, such as meteoric water, are generally oxidized and promote rapid precipitation of
insoluble Feoxy/hydroxide and Mroxy/hydroxide (Lohmann, 1988; Nader et @2007). It is
believed that the oxidatiereduction system results in the evacuation of Mn and Fe within the
matrix dissolution porosity and subsequently controls their proper incorporation into and/or
subsequent cement phases (Brand and Veizer 1980;drohri988; Nader et al., 2007).

Moss and Tucker (1995) stated that the low Sr (average 127 ppm) concentrations of the
Cretaceousmged shallow burial dolomites of southeast France may be due to the replacement
of low strontium stabilized marine carbonatedstee subsequent crystallization of dolomites.
Therefore, we can say that the low Sr concentratiorl@5 ppm, average 62 ppm) in the
Bozdaj Formation dolostones developed as a r

Rao (1996) stated that the Na contentlirrent dolomites varies between 12800 ppm;
with low values of mixed zone dolomites, and high values of hypersaline dolomites. The Na
content in old dolomites ranges between-982 ppm (Baum et al. 1985). Veizer (1983) stated
that Na concentrations inddolomites are expected to be above 600 ppm for hypersaline
dolomites. A marine source without significant evaporation effects shows values much lower
than 600 ppm (11380 ppm; average 226 ppm). Marine burial dolomites contain about 300
500ppmNa(Holal et al . 1988). The Na con-B87ppm, of Bo
average 227 ppm) also indicates that there is no significant evaporation effect and that they are
formed from seawater changed at high temperatures in the burial environment.

The Fe/Al ratio in marine sediments depends on the geochemistry of the source rock and
the absolute values of Fe and Al affected by the total amount of terrigenous material associated
with the biogenic fraction (Lamy et al., 2000). The negative correlatioait alleak, between

Fe and Al in the BozdajJ Formation dol ostones
reducing environment. Therefore, this situation also indicates that terrigenous material input is
|l ow in the Bozda] Formation dol omites.

A strorg positive correlation is observed between :S&dd AbOs i n t he Bozds
Formation dolomites. This shows a variable mixture of marine carbonates and clay minerals.
Therefore, 1t indicates clay input tos.the ba
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The strong positive correlation observed betweenRba@dKi n t he Bozdaj] F
dolostones indicates that the clays in the carbonates are of marine origin (Rao, 1989). Therefore,
this feature supports that the Bozdaj For mat

The | ow Sr content and | ow Sr/ Ca ratio of
altered sea water rather than meteoric water or evaporative concentrated brine. The low Sr
content in the Bozda] Formation dold€atiQt es an

and MgCQ indicate recrystallization.

The negative correlation observed bet ween
dolostones, low Sr content, and high Fe and Mn content indicates a diagenetic alteration in the
reducing burial environment. €hnegative correlation between Fe and Mn and Ga&id
MgCO»:in the Bozdaj Formation dolomites al so
reducing burial environment.

Most diagenetic brines are meteoric and marine mixed waters modified by burial
processes, and they are usually unsaturated with calcite but supersaturated with dolomite
(Lapponi, 2007). The dolomitealcite balance changes towards higher Ca/Mg ratios at higher
temperatures (Lapponi, 2007). The temperature increase during burial in dadyntesins
will increase the saturation level of dolomite relative to calcite in solution with constant Ca/Mg
ratios (Lapponi, 2007).

Mattes and Mountjoy (1980), Zenger (1983), and Mountjoy and Amthor (1994) have
shown widespread replacement of limessongh an estimated depth of at least 1000 m. The
most recommended fluid sources for burial dolomitization are magnegthnresidual
evaporitic brines, altered seawater, and shale compaction waters. Fluids can be transmitted to
the dolomitization envirament via porous aquifers or along faults by a series of transport
mechanisms brought to the dolomitization environment by sediment compaction, thermal
convection, and topographically or tectonically.

Trace element (especially Na and Sr) contents of catbomeks are important in
determining the salinity of the original fluids that formed the carbonates (Wanas, 2002). This
is a view based on the fact that both hypersaline and marine carbonates are enriched in Na and
Sr relative to their freshwater origikihsman, 1969; Land and Hoops, 1973; Land, 1980;
Morrow, 1988) (Wanas 2002). It is also known that the Na and Sr contents of carbonate rocks
are also reduced by meteoric waters during their diagenesis (Land et al., 1Bt dki and
Loukina, 1993; Wana002).

Wanas (2002) stated that the Na content of 1RBP0 ppm (mean=3008 ppm) is very
similar to that of hypersaline or evaporitic dolostones (Land and Hoops, 1973; Mitchell et al.,
1987); He stated that the Na content of 8280 ppm (mean=656 ppm) cesponds to the
concentrations of marine and marmeteoric water mix dolomites (Land et al. 1975; Holall
1989).

Wanas (2002) found that the Sr content of-880 ppm (mean=508 ppm) was close to
the Sr content of marirleypersaline dolomites (Land and H®01973; Land 1980); He stated
that 64140 ppm (average=108 ppm) Sr content reached the content of old marine and marine
meteoric water mix dolomites (Land 1980; Brand and Veizer 1980; Mitchell et al. 1987).

Low Sr concentrations (<300 ppm) confirm argorifrom seawater (Budd, 1997; Suzuki
et al., 2006). Veizer (1977) stated that the approximate average of the Sr content of pre
Quaternary | imestones was around 320 ppm (Ra
dolostone samples are 20 pfrd2 ppm(mean=62 ppm), which is far below the rate stated by
Veizer (1977). Therefore, he states that this loss is the result of meteoric diagenesis and/or
recrystallization (diagenetic alteration during burial).
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Milliman (1974) stated that aragonite in currergtrime carbonate deposits contains about
2500 ppm Na and calcite contains about 250 ppm Na. During diagenesis, Na is gradually lost
due to the increasing influence of meteoric waters (Rao, 1989). Therefore, the higv {148
ppm; mean=227 ppm) Naratosebs ved i n the Bozdaj formati on
that the original rock is aragonite rather than calcite, as 6 out of 16 samples are higher than the
current value despite diagenetic alteration.

Milliman (1974) and Rao (1989) stated that <20 ppm Bpresent in recent aragonitic
marine sediments. Oxidation conditions greatly inhibit the association of Mn in CaCO3,
whereas under reducing conditions calcite may have several percentages of Mn (Shanmugam
and Benedict, 1983, R a oon dolbs®oBe9spmplesT(h eut 0B #6z d a |
samples) have Mn content of-282 ppm (average = 155 ppm for seven samples; mean = 68
ppm for sixteen samples) and originally defined aragonite mineralogy, oxidation conditions
during shallow marine deposition (in mostgaes). Mn was not observed) and was interpreted
as reflecting enrichment under reduced conditions during burial.
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Sedémentary Structures Ob®ikkmended | n T
Formatéon (Upper Cretaceous)
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Introduction

Flysch are sedimentary units that are deposited in the deep marine environment,
consisting of detritus carried and deposited by turbid currents, a tgemsity current. Turbid
currents and turbidites can develop in any environment from deep marine to shallow marine
and aquatic terrestrial environments. Every flysch is a turbidite, but not every turbidite is a
flysch. For sediment to be flysch, it mustdeposited in a deep marine environment.

The study area is located in Orhaniye (Kazan) and its surroundings, located in the
northwest of Ankara province (Figure 1).

The Dikmendede Formation, which typically has flysch features, is mainly composed of
sandsbneshale intercalation and also includes siltstone and lenticular conglomerates at some
levels. Conglomerates in intermediate levels are ggeay colored, polygenic pebbly,
mediumthick bedded, poorly sorted, tightly carbonate cemented, and gradaaijtitvning
to sandstones.

Greengreenishgray-colored sandstones are thnick bedded, coarsgrained at
conglomeratesandstone transitions, and figeained at sandstorghale transitions. Sandstones
contain abundant sedimentary structures. &een colored shales are alternated with
siltstones at some levels, with good fissility. It is common to encounter plant fragments and
coaled fragments in the siltstones.

The Dikmendede Formation is intermediate turbidite in thd & anterval of the Bouma
seaqience and forms the middle part of the deep sea fan. In other words, in terms of facies
characteristics, it was developed in a deep sea fan system between the upper slope and the
abyssal plain. The Dikmendede Formation was deposited in theabadkoughof the
Neotethys, which began to close in the Late Cretaceous, and volcanic inputs were occasionally
added to the deposition (Sagular and Toker, 1990).

Dikmendede Formation Sedimentary Structures

Although there is no consensus among researchers, sediynsint@tures are generally
divided into four groups (1) Erosional, (2) Depositional, (3) flegtositional/deformational,
and (4) Biogenic.

Erosional, depositional, deformational, and biogenic sedimentary structures were all
observed in Dikmendede Formaii Quite large flute casts were observed at the base of the
sandstones (Figure 2).
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The flute casts are round/elliptical or pashiaped. It is asymmetrical, deep, and rounded
in crosssection, with the current upstream. They are generall) 5m wide andl0-20 cm
long and are found in groups directed in the same direction (Reading, 1996). The formation of
flute casts occurs as a result of the sedirfmien streams forming small eddies as they pass
over the settled mud and these small eddies preventitiepaa their location. Due to the
formation of sedimentation on the edges of the eddies, the regions where the eddies remain as
deep pits (Reading, 1996). The flute casts are seen at the base of the upper layer as a result of
remaining as pits during tHermation of the structure and these pits are subsequently filled
with sand in the upper layer, and naturally, they indicate the substratum (Reading, 1996).

,g,"?ﬁ
(6]
Q
-9
£
o0
z
Qa
Ngm Ngm
EXPLANATION
Alluvium — Holocene
Memlik Formation — Pliocene
) Mediterranean zﬂm
Parmakhktepe Formation — -Miocene
Upper Eocene
- Orhaniye Formation — Eocene
L E :)h . T~ Study Arca
P8 Uzungarsidere Formation — Lower Eocene —
Paleocene-
- Dikmendede Formation ] Upper
- Ankara Melange Creltélceous
Formation boundary ANKARA
. 10 km C
Bedding A —
[ o | Hil 1 km
Figurel. Location & geological map of the

28

S i



Figure 2. Flute cast in turbiditic sandstones. A) The length of the flute cast is 20 cm and its
di ameter is 3.5 cm. (lnside Uzun-arké Creek)
cast is 24 cm and its diameter is 6.5 cm.

Again, bounce marksdm the structures observed under the layer were also observed in
the Dikmendede Formation (Figure 3). Impact structures develop as a result of the material
carried by the stream hitting the underlying layer and creating pits by bouncing during the flow
(Reading, 1996). If the impinging particle gets stuck in the layer, it is called the tool structure

or the plug structure. The formed depression is-dlggped and the thin edge of the drop points
upstream (Reading, 1996).

Figure 3. Bounce structures (grearrow) and rest traces (yellow arrow) were observed in
the sandstones of Dikmende (Uzun-arké Creel

Bedding and lamination structures were also observed in Dikmendede Formation (Figure
4-7). The layer or laminatim which is the most characteristic feature of sedimentary rocks, is
formed due to changes in the sedimentation pattern. These changes are generally sediment
transport and/or grain size changes (Reading, 1996). A layer is called a layer thicker than 1 cm.
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The thinner layers are on the millimeter scale and are called the lamina. In fact, the internal
structure of a layer consists of laminae (Reading, 1996). Many layers form within hours or days,
sometimes during turbid or storm currents, and in other cassdecades or even longer
(Reading, 1996). After the layer is formed, the erosional structures on it are formed in the period
before the next layer is deposited. In this period, tectonic events may also affect and deform the
layers (Reading, 1996). Lamiti@n mostly occurs as a result of the change in grain size or the
change of grain composition between the laminae. In many cases, the lamina is the product of
a single deposition and is geologically formed momentarily or over longer periods of time
(Readimg, 1996). It is formed in fine sands, silt, and clays by precipitation directly from
suspension, slownoving sediment clouds, or less dense suspension streams (Reading, 1996).

Figure 4. Stratification, fissilite/lamination observed in the shales of tkméndede
Formation (south of Uzun-arké Creek).
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Figure 5. Bedding, fissilite/lamination (so
the Dikmendede Formation (shdlgsch: although the shale is very thick, the samas is
very thin). Scale, hammer length: 28 cm.

Figure 6. The bedding, fissilite/lamination observed in the flysch (nefigsh: sandstone

and shale in approximately equal proportion) of the Dikmendede Formation. In addition, at

this level, the deformation structure, the ball (yellow arrow), and tth@Ap(green arrow)
structure were also observed. (south of Ku
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Figure 7. Bedding and lamination were observed in the flysch of the Dikmendede Formation
(southeast of Kukkonan Hill ). Scal e,

Another sedimentary structure observed in Dikmendede Formation is channel structures
(Figure 810). Channels are much more organized structures than digging structures. They are
usually waterways where the sediment is transported (Reading, 1996). Théavedormed
over long periods of time. Some large channels may be large enough to be mapped. Channels
are generally filled with coarser material than the material in which they are formed or above
and below (Reading, 1996). It may have residual pebblegraformational (derived from the
same environment) pebbles at its base. Channels are formed in many environments, although
they are well known to occur in the fluvial environment, they are frequently seen in glaciers,
deltas, tidal plains, shelf margincontinental slopes, and submarine fans (Reading, 1996).
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Figure 8. The turbiditic channel fill (sout
fan environment consisting of a conglomerasmdstone alternation of the Dikmendede
Formation. Scale, human height: 180 cm.

Figure 9. Normal grading was obsaxd in the turbiditic channel fill developed in a median
fan environment consisting of a conglomersaémdstone alternation of the Dikmendede
Formation (southeast of Gelinbatteée Ri dge
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Figure 10. The imbricated structuceb s er ved i n the turbiditic ch

Creek) developed in a median fan environment consisting of a congloraaratstone
alternation of the Dikmendede Formation. The direction of the paleocurrent was measured
from west to east at tHewer level and from N25W to S25E at the upper level. Scale, hammer
length: 28 cm.

In addition, ball and pillow structures, which are deformation structures in Dikmendede
Formation, were also encountered (Figure 6). Ball and pillow structures developthére
relatively coarsegrained sandgized material overlying the fingrained and not yet
consolidated shale/mudstone sinks into the mudstone, and the load pattern first breaks away
from the sand layer with the progression of the submersion and sinkgetelyninto the mud
(Reading, 1996). The spheriestiaped structures are called ball structures, and the ellipsoidal
ones are called pillow structures (Figure 6).

Another structure observed in Dikmendede Formation is biogenic structures formed by
organsms (Figures 11 and 12). Sedimentary structures formed by organisms are fossil traces
and are also called ichnofossils (Reading, 1996). Fossil traces are so specific to each type of
organism that it can be understood which fossil left them. These trasreptdihe original
sedimentary structures and even are bioturbation structures that can completely destroy the
primary structure, bedding, or lamination (Reading, 1996). However, although it is not known
exactly by which organisms many traces were madeanet least understand the way of life,
since creatures with similar life forms leave similar traces. The most important feature of these
fossils is that they give us information about the depositional environment in which the
sediment was formed (Readinl996). Because certain fossil traces are only found in certain
sedimentary environments or at a certain water depth. Ichnofossils are divided into five basic
groups; (1) feeding structures, (2) nesting structures, (3) crawl marks, (4) resting sti@gtures
scraping marks.
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Figure 11. Trace fossil (Paleodictyon) (Dam Creek) representing the deep marine
environment observed in the turbiditic sandstones of the Dikmendede Formation. Scale, pen
length: 14 cm.

Figure 12. Trace fossil (Dam Cree@pserved in the turbiditic sandstones of the Dikmendede
Formation. Scale, pen length: 14 cm.

The model showing the sedimentation environment of turbidites belonging to the
Dikmendede Formation is shown in Figure 13. This figure is taken from Shanmugaé) (20
article.

35



Ancient Submarine Fan Facies Environment

Slope

Canyon

Channel

ICHANNELIZED| SEQUENCE

Lobe

Lobe fringe

Levee

:
i
:

Basin plain

Figure 13. Possible deposition model of Dikmendede Formation (from Mutti & Ricci Lucchi,
1972; Shanmugam, 1985a & 1985b; Shanmugam, 2016).
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Miniaturization of Photobioreactors (Micro Photobioreactors) For
Bioprocess Development

Bakar WYAR

Introduction

A bioreactor is a device or system that supports a biologically active environment under
controlled conditiongTredici, 2004. They are usuallglosed vessels containing a nutrient
solution to support growth of microorganisms or enzymes to carry out biochemical reactions.
Bioreactors are a necessary part of any biotechnology based production process whether it is
for producing biomass or metabekt biotransforming one compound into another or degrading
unwanted waste@Chisti, 200§. Design of bioreactors is a complex process that incorporates
biological and engineering principlégan't Riet & Tramper, 1991

A photobioreactor is a specific type of bioreactor that can be defined as a culture system
inwhichl i ght has to pass through the transparen
that carry out a lightlependent biological proce€Bredici, 2004. They are mainly employed
for photosynthetic culture of microalgae and cyanobacteria. Photobioreactors require sunlight
or articial illumination to operate.

A bioproduction facility has a train of bioreactors ranging from 20 liters to 25@m
even more in certain processes. The most common operational practice starts with culturing
microorganisms in the smallest bioreactor. After-gegermined batch time the content of this
bioreactor is transferred to a larger bioreactor and this prasespeated until the largest
bioreactor in the train, the production bioreactor, is rea¢Gadsti, 2006.

Conventional laboratory bioreactors are mechanically complex systems of between 1 and
15 liter volume. Early stage development of new bioproductsually limited by the number
of processes that can be run in a short time due to availability of laboratory scale bioreactors.
To overcome this bottleneck, smaller volume bioreactors have been developed. The
microbioreactor is (arbitrarily) defined as aokdactor with a volume of less than 10 ml
(Applikon, 2QL5). Micro photobioreactor (also called miniature photobioreactor or mini
photobioreactor) can similarly be defined as a photobioreactor with a very small (i.e. less than
10 mL) volume. Those very small sized bioreastare rapidly gaining market share in R&D
laboratories due to many benefits they provide.

This chapter is a guide to the central aspects of micro photobioreactors, with a focus on
design, properties and applications for bioprocess development. A cowértdgeliterature
was presented as a concise summary. The @&easnined include: principles of bioreactor
scaling down, motivation and requirement for development of these devices, challenges and
limitations encountered during miniaturization procedticet review of available publications
on the subject, and finally concluding remarks as well as a future scope for these systems.

1 Assoc. Prof. Dr., Kocaeli University
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Scaling Down Photobioreactors

Scaling is the procedure to determine the design of a reactor from experimental data
gainedfrom a reactor operating at a different capacity. In scaling, the engineering objective is
usually to maintain dimensional similarity as size is charfiyexDuffie, 1991).

For industrial bioreactor design, operation, control and optimization, the-cmate
approach is often advocated to efficiently generate data on a small scale, and effectively apply
suggested improvements to the industrial scale. In all cases it is amptotensure that the
scaledown conditions are representative of the real lsgge bioproceddNoorman, 2011

Ideally, an enwionment in which the production organism displays the same productivity
and physiology as in the other (large or small) scale process should be established. To obtain
such an environment, many different aspects (including physical properties, fluid dgnamic
concentration gradients, used raw materials, process control strategy, etc.) need to match.
However, in practice, it is impossible to keep all relevant scaling aspects constant at the same
time. Furthermore, there is only a limited number of processbpg conditions (stirrer speed,
aeration rate, and volume) that may be manipulated to achieve the desired outcome. Therefore,
scaling process typically narrows down to selecting one scale up/down parameter (e.g.
volumetric power input, oxygen mass trarsfoefficient, impeller tip speed) and adjusting the
operating conditions to keep that parameter constant across (J@sedeiman et al., 2019

In many cases for bioreactors, the objective must be to maintairtraaster coefficients
for oxygen and carbon dioxiq&cDuffie, 1997).

On the other hand, in photobioreactor design, efficient light supply to the culture
represents a major challenge. Therefore, scale transfer cannot be dgreassiical concepts.
Instead, efficient delivery of light to the cells must be the central dogma. The ultimate goal is
that light supply to the individual cells needs to be kept as equal as possible across different
scalegMorschett et al., 2028

Additionally, cell growth, pH, and metabolites showtso display similar profiles
compared to larger scales photobioreactors to ensure micro photobioreactors could successfully
mimic larger scale photobioreactors and give good predictive réBdlsuvroy et al., 2015
Scaling up or down of a bioreactor is a process that involvesatiiiérror, the amount
depending on the type of bioreactor involved. To develop the most cost efficient industrial sized
process, extensive scal@ data must be collected by repeating experiments at the lab and pilot
scale level. Unfortunately, the collection is far more difficult than it would be in the chemical
and petrochemical industries. The nature of working withdiymaterial makes contamination
commonplace and reproducibility of data difficult to achi@darada et al., 1996

Microbioreactors are gaining popularity as a esfé¢ctive approach to scatown
experimentation. However, rgang conditions that reflect the largeeale process accurately
can be challenging. The scalewn factor between an industrsike fermenter and a
microbioreactor is extreme, which inevitably creates physical differences and limitations that
complicatethe recreation of largscale conditions. The effect of this deviation on the process
becomes apparent in different aspects. To be able to draw the correct conclusions from scale
down experiments and to improve the experimental design of microbioreaater it is
important to be aware of these differences and to make a thorough characterization of the
process, with mass balances;lim@ monitoring, and offine analysis of the strain morphology
and metaboliteg§Tajsoleiman et al., 20)9
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The Need ForMicrobioreactor Systems

The development of a biotechnological production process can be simply described as a
sequential workflow, starting from screening and selection of microbial strain which is further
investigated under labcale bioreactor conditions, in which high levelpobdcess control can
be enabled. Finally, the developed bioprocess is transferred to pilot and industrial scale. The
need for increased experimental throughput under well controlled conditions gave rise to the
development of microbioreactor syste(iemmerich et al., 2038

The main motives to scale down bioreactors to obtain microbioreactors thus can be listed
as:

1) Increasing timeline pressures for research and development of bioprocesses which
leads to rapidly screen and optimize cell culture process parameters

2) Decrease use of consumables by avoiding resource intensive approaches such as the
use of shake flasks and bertclp bioreactors

3) Limited physical space for experimentation.

4) The need to conduct large numbers of experiments (i.e. screening aningtim
studies).

Those motives in turn have resulted in the scale down of bioreactors to obtain
miniaturized versions that mimic regular sized microbioreactors to efficiently reduce
bioprocess development time and c@$&jsoleiman et al., 20)9

Ultimately, the aim of microbioreaats is to replace shake flasks andsalale bioreactor
systems for early and mistages of biotechnological bioprocess developrildammerich et
al., 2019.

Similarly, micro photobioreactors represent a potential platform technology for the high
throughput, photebphic cultivation of photosynthetic microorganis(@jo et al., 201h

It is also important to underline that working at such small scales allows using
microorganisms from the same batch, at the same passage, thus increasing homogeneity and
consistency in the results by reducing the intrinsic sattpgample variabilitywhich is a
major drawback of biological syster(iRerin et al., 2016

Ultimately, micro photobioreacts, or microbioreactors in general must satisfy two
essential requirements to be actually useful:

1) Reproducible culture performance across individual microbioreactors under identical
operating conditions to prove that parallel work is possible.

2) Ability to mimic culture conditions in larger scale photobioreactor designs to address
scaletranslation, that is, crosg/stem transferability of obtained data among micro
photobioreactors and larger photobioreactors.

Challenges and Limitations of Miniaturization Process

Unlike chemical reactors in which chemical reactions take place, bioreactors contain
living cells. Living things are more sensitive, fragile and unstable than chemicals. Therefore, in
order to achieve the desired biological activity and to gméwnwanted biological activities,
the process conditions should be controlled in a better and narrower range than the chemical
reactors.

The deviation in conditions results in more serious consequences than chemical reactors;
deactivation of biomass mant be reversed.
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Overall, designing a bioreactor is a complex engineering task, and requires attention to
several aspects irrespective of the specific reactor configuration demanded by a given
application(Chisti, 2006:

1) The need to maintaimonoseptic operation,

2) Mixing to ensure suspension of the biocatalyst and attain a relatively homogenous
envireonment in the bioreactor,

3) Suppy of oxygen and removal of carbon dioxide,

4) Supply of various other nutrients in such a way that the ragapgfly does not limit
the performance of the biocatalyst,

5) Heat transfer for temperature control,

6) Control of the shear stress levels in the bioreactor so that the biocatalyst is not damaged
by various hydrodynamic forces.

Unfortunately, there are ftirer limitations to the design parameters that need to be
addressed in case of photobioreactohgar, 2016:

1) The photobioreactor should be made of a highly transparent material to allow light
inside (ie. common bioreactor construction materials such as stainless steel cannot be used).
Additionally, materials which promote cellular adhesion should be avoided to prevent biofilm
formation on light receiving surfaces. Materials that can satisfy theseepunts such as
glass, polymethyl methacrylate, polycarbonate and-dewsity polyethylene have poor
strength which causes the photobioreactor to be fragile, decreases its durability, and limits the
maximum photobioreactor size.

2) The photosynthetic miconganisms employed create a ssihding effect, which
limits the light penetration into the depths of the photobioreactor. Consequently, maximum
photobioreactor depth becomes limited and large areas are required for the photobioreactors.

3) Solar illuminaion should be preferred since artificial illumination increases cost
dramatically due to the electric consumption. Therefore, harsh outdoor conditions (i.e. wind,
rain, temperature and pressure fluctuations) should be taken into account when designing
phaobioreactors to prevent premature failures.

4) Due to the limited depth of the bioreactor and the nature of the construction material,
mixing options are limited. Mechanical agitation cannot usually be used; possible mixing
methods are either recyclingetimedium or air bubbling through culture medium.

Finally, challenges introduced in the scale down of these systems to micro scale include:

1) Accurate measurement and control of basic process parameters (pH, temperature and
dissolved oxygen)

2) Mimicking the fluid dynamics (mass transfer and mixing time) of the larger volume
bioreactorgApplikon, 2015.

3) Increased impact of wall growth due to the lageface to volume ratio at small scale
(Tajsoleiman et al., 20)9

4) Taking samples is also increasingly challenging when reducing the scale of the
experiments. In miniaturized reactors, fewer samples can be taken, with less volume per sample,
compared with larger reactofRowlandJones et al., 20)7The lower the sampling volume,
the higher the probability that sampling errors (e.g., variation of the sample volume) might
influence the result, and therefore the usautbmatic sampling systems becomes increasingly
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relevant when decreasing reactor voluif@soleiman et al., 20)9Low volume also prohibits
continuous sampling, which is another drawback of these sy$Bamger et al., 2032

5) Evaporation. When applying aeration to a bioreadttere is a significant rate of
evaporation from liquid systems. This is especially relevant for fermentation processes that are
typically operated above environmental air temperatures and run for days or weeks. This leads
to considerable loss of water the offgas, and this affects the volume dynanfitagsoleiman
etal., 2019. Even though that is a common operational problem in all aerated bioreactors,
larger bioreactors can be equipped with a condenser to recycle water vapor to minimize water
evaporation. The condenser is a gienheat exchanger through which cool water passes and
allows water vapor in the exit air stream of bioreactor to condense on the inner condenser
surface. Unfortunately, condensers are not practical to use in microbioreactors. On the other
hand, evaporatiois more prominent in case of micro photobioreactors, due to additional heat
input by illumination, and more importantly, longer duration of the bioprocess, and therefore
should be given serious considerat{dorschettet al., 20170jo et al., 201% Photosynthetic
microorganisms growth modes are photoautotrophy, photoheterotrophy, or a mixture of those
(mixotrophy). All those modes result in lower githwates than that in pure fermentative mode,
which means longer bioprocess durations. Evaporation which may not be significant for short
fermentations in bioreactors thus becomes considerable in photobioreactors. Evaporation
results in liquid volume decase, which may affect sensor readings, mixing and
hydrodynamics, light distribution and cause osmotic stress on the microorganisms due to
increasing culture osmolarity. On the other hand, evaporation also results in the increase of
concentrations of the ture medium components which may cause inhibition / toxicity on the
cells. Due to these consequences, evaporation rate should be monitored and controlled in micro
photobioreactors. There are several effective methods suggested to decrease / eliminate
evamration in micro photobioreactors. Those are lowering aeration rate to the required
minimum, using humidified air for aeration, or using semipermeable membranes at air exits to
trap water vapor inside. Finally, adding distilled water to compensate lagl kgan also be
consideredSilk et al., 201D One or a combination of those methods can be employed to
control evaporation effectively. Morschett et al (2017) managed to decrease evaporation rate in
micro photobioreactors down to 0.56% per day, which can be regarded-asertaning and
liquid loss can be neglected, enabling long term phototrophic cultivation in micro
photobioreactor@Viorschett et al., 20)7Similarly, Ojo et al (2015), reported that under typical
culture conditions onlyi8.0% of liquid in the micro photobioreactor was lost over 3.5 days of
cultivation and claimed that this level of evaporation is considered to have minipsattion
the growth of microalga€Ojo et al., 201k Finally, Toulog (2019) reported that when
humidified air was used for aeration instead of dry air, there was noticeable 72% reduction in
the evaporation rate at similar conditions. He also reported a minimum of 3.2% loss of culture
medium per day due to evaporatidmlulope Victor, 2019

6) lllumination. The main difference between microbioreactors and micro
photobioreactors is the illumination of the latter and placement of lamps is a key design factor.
Commerciaimicrobiorectors are usually stacked on a plate in a form of cassette, which allows
high density stacking of those microbioreactors and the overall equipment can be very compact
to use on a bench or desk. Top of microbioreactors are usually crowded wsilwrement and
control equipment such as pH, temperature sensors, air inlets outlets, mixing shaft, sampling
ports etc. Therefore illumination of micro photobioreactors from the top is not practically
possible. Side illumination is preferred in available owmencial units, however this
configuration limits stacking of micro photobioreactors, as all the micro photobioreactors need
to receive ample light, resulting in lower bioreactor density in the overall system. This
bottleneck persists and needs more aentilumination from below may be the most suitable
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solution here, considering that the micro photobioreactors are not heavy and have limited height
(Morschett et al., 2017

Micro Photobioreactor Systems

According to the web of science database, the first publication to use the term
microbioreactor date back to 1992. The interest grew exponentially until around 2010ea
stabilized at an average of 40 publications per year from then onwards. This is a reflection of
the enormous progress made in the field of microbioreactor systems recently. As a result, a
variety of different microbioreactor systems covering a trteghnological range and a wide
field of application became available commercigiemmerich et al., 2038 Their superior
experimental throughput initiated a rapid spread and they are nowadays routinely applied in
upstream process development andenmoven to be valuable toqslorschett et al., 2018
Another survey of about 500 publications revealed that, of the various cultivation techniques;
19% used a volume below 100 ml, 5% a volume below 10 ml and 3% below 1 ml. Among the
smallscale devices are shaikasks, testubes, microtiter platesniniaturized bioreactors and
specific devices for animal cells such as spirftesks, roller bottles, Flasks etc(Kumar,
Wittmann & Heinzle, 2004 It should &o be noted that all necessary specifications and desired
properties have not yet been realized and great efforts in fundamental and applied research are
still ongoing.

The first article to use the term micro photobioreactor was published in 2015, eed sin
then, only a handful followed, which indicates novelty and potential of the field. Commercial
availability of micro photobioreactors still lacking although recently several prototype systems
have been developed mainly relying on microfluidic chips araotiter plategMorschett et al.,
20138.

Notale studies were summarized below:

Morschett et al (2016, 2017) employed micro photobioreactors in microalgae cultivation
to overcome the laborious and slow essigige parameter optimization which they saw as a
major drawback. A micro photobioreactor systsupported by a liquiiandling robot for
automated medium preparation and product quantification was used to enable highly efficient
execution of screening applications. The resulting platform was used for medium optimization
of a lipid production procasusing microalgae toward maximum volumetric productivity.
Within only four experimental rounds, lipid production was increased approximately threefold.
They concluded that the integration of parallelized microscale cultivation supported by
laboratory autmation proved to be a fruitful tool for the accelerated development of
phototrophic bioprocesses in a very timely and material efficient manner. Micro
photobioreactor system used had 48 independent wells of 1 mL volume each. They were sealed
with an gagpermeable seal for evaporation reduction. Micro photobioreactors were placed in a
closed incubation chamber for indirect temperature control. The system relied on bottomside
illumination with a set LEDs. Mixing was provided by continuous shaking. Cultivation
processes can be monitored quasionline applyingimasive optical measurements during
continuous shaking. Regarding growth homogeneity, strict control of the process conditions
enabled a high comparability between the distinct micro photobioreact®®s {lictuation in
biomass formationfMorschett et al., 201 ™Morschett et al., 20)7 Micro photobioreactor
cultivation showed a very good comparability to the laborasoale photobioreactors (80
1000 mL flask/tubular/panel photobioreactors) especially during fenextial growth phase,
while the small scale helped prolonging this phase due to superior light supply and mixing
characteristics. Overall, photo microbioreactors may be regarded as a proper replacement for
phototrophic cultivation in shake flasks or tegtes(Morschett et al., 2037
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In another study, Ojo et al (2015) described the development and characterisation of a
novel orbitally shaken micro photobioreactor system consisting of 24 parallel wells, suitable
for the batch cultivation of microalga@btained results demonstrated the application of the
micro photobioreactor for rapid optimisation of phototrophic culture conditions and
establishment of high cell density cultures. Each micro photobioreactor unit had a working
volume of 4 mL and was ilminated by a cool white LED from the side. Mixing was achieved
using an incubator shaker equipped with temperature, humidity apdeéd®ors coupled to a
control unit. The micro photobioreactor platform allowed-f@@ reduction in material
requirements compared to current shake flask systems. The authors claimed that generally,
evaluation of biomass concentration at the tested condishowed good reproducibility across
the 24micro photobioreactors and in essence, use of the micro photobioreactor for parallel
microalgae cultivation showed consistent and reproducible results. However, the ability to
mimic culture conditions in largescale photobioreactor designs has yet to be sl{Qjmet
al., 2015.

More recently, Busnel et al (2021) developed a miniaturized, soalé photobioreactor
to characterize microalgal growth under controlled conditions. The system consisted of 6 mini
flat photobioreactors operated independently in parallel, with a wlkin¥5 mL each, thus
cannot exactly be classified as micro photobioreactor as defined here but more of a transition
between lab scale photobioreactors and micro photobioreactors. The system permitted
screening of (i) microalgae species performance; (iBdieim composition; (iii) growth
temperature; (iv) illumination conditions (continuous or day/night cycles) in reliable conditions.
Under the same operating conditions, the difference between biomass productivity and the
pigment contents of microalgae inffédrent micro photobioreactor units did not exceed 5%;
confirming the reliability of the micro photobioreactor system by conducting parallel
experiments in each photobioreactor cell. Moreover, continuous cultures of microalgae were
run in both this systenand 1 L Airlift flat-panel photobioreactor under the same culture
conditions to confirm reliability in the determination of areal biomass productivity. Similar
results were obtained in the two photobioreactors with a variance of less tli{Bu&9! et al.,
2021).

Perin et al (2016) constructed a micro ph
50 mm), composed of 45 wells (40 ¢l of wor ki
of microfluidic channels to growmicroalgae cells. The wells were covered with a thin (~1.5
mm) PDMS layer to turn them into real independent growth chambers. The design of the micro
photobioreactor followed specific criteria such as: (i) support of cultures of microalgae-in a no
shear avironment, (ii) highthroughput studies with biologically relevant numbers of
replicates, (iii) compatibility with o#ine imaging, (iv) ease of retrieval of the cell samples for
eventual posprocessing analyses, and (v) capability to generate stalderdostion gradients
over the culture area in case fluid flow is applied. When compared to traditional methodologies
(i.e. flask culture), the data generation capability of this platform is dramatically increased
which demonstrate its suitability for highroughput studies. Algae consistently show faster
growth rates, thus cutting the duration of the experiments of about 30 %. In addition, the
capability of simultaneously testing multiple variables (i.e. cell density and light intensity), on
9 levels and wh 5 replicas each was possible. The authors stated that reproducing the same
experimental campaign using standard techniques would dramatically lengthen the timespan,
increase the risk of operatoglated errors, increase nutrients and chemicals usagevieyal
orders of magnitudéPerin et al., 2016

Tolulope (2019) claimed that the shaken vigfle migo photobioreactors might not be
truly representative of the large scale pneumatic photobioreactors due to the different
engineering environment thus making seage difficult. Thus, he performed the design,
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fabrication and engineering evaluation of a ratare pneumatic photobioreactors which
mimics conventional large scale pneumatic photobioreactors such as airlift and bubble column
devices, for heterotrophic and phototrophic microalgae cultivation. The protciyp# @icro
photobioreactor consisted fafur bubble columns and two airlift columns, with 15 mL working
volume for each. Comparison of the different configurations showed that the bubble column
micro photobioreactor had the highest mass transfer coefficient and the best performance in
microalgaeculture frowth compared to air lift micro photobioreactor. Overall, the micro
photobioreactor was established as a tool for phototrophic, heterotrophic, and mixotrophic
culture of microalgae for rapid and early stage evaluation at smal($céléope Victor, 2019

Concluding Remarks and Future Scope

In recent years, micro photobioreactors have evolved as promising tools to accelerate
phototrophic bioprocess development and the acquisition of phggialo data of
microorganisms. They are especially useful for tasks such as microbial strain or media
screening. However, significant technological advances are still needed and no commercial
systems are available as of yet.

Micro photobioreactors allow pduction of large experimental datasets easily in
comparably short times compared to traditional bench scale systems, shifting the bottleneck of
bioprocess development to the processing of relevant information.

The up/down scaling of photobioreactors hdditional lightbased challenges such as
light availability, seltshading, photoinhibition, and ligleimitted heat in addition to the ones
that exist for conventional bioreactors.

Ideally, the micro photobioreactor should be able to exactly simulateultigaton
conditions of the projected industrstale photobioreactor. Thus, the design depends on the
geometry of the larger scale photobioreactor to help minimize deviations between scales. Shake
flasks, micro channels, microtiter plates, miniaturibedble columns, and smaltale stirred
tanks belong to the established examples to micro photobioreactors.

Mathematical modeling and computer simulation can be used as practical tools for the
analysis and design of mPBRs at different scales. They camlew®nt experimental
information where quantitative measurements are challenging.

The current trend is towards automation of these systems and integration of more relevant
hardware for process monitoring and control. These developments will reinforceetlad u
micro phorobioreactor systems for bioprocess development.
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Quantum Chemical, Molecular Docking, and Hirshfeld Surface Analysis
Studies of8-Bromo-9-hydroxy-7,7-dimethyl-11-methylenespiro[5.5]undee
1-en-3-one Molecule Isolated from Algae

Cem C¢neyt PERSAN

Introduction

The term algae, derived from the Latin word for seaweed, refers to living organisms that
can be found in fresh, salty, and even bitter waters, as well as on animals or plants, in moist and
illuminated caves, and even on snddgae are found in various regs around the world.

They are categorized into five primary groups according to their colors: brown algae, diatoms,
blue-green algae, green algae, and red al@jaere are studies in the literature related to the
algae flora in aquatic environmeritsG °lal, Jezel Ersanli & Baytut, 2009; Tezel Ersanli &
Hasirci Must ak, 2013; Tezel Ersanl i & G°n¢l o
Tezel Ersanlé & Hasércé Mustak, 2017; Tezel
2018; G¢ m¢ KT e zGe¢lmg¢ Kr s&nmrdcént yea?sQ #2gde) have been used as
promising biosorbent materials in research related to biosorption and bioremediation (Deniz &
Tezel Ersanli, 2016a, 2018b, 2018c) for their potential use as a source of nutrition (Serrano et
a., 1998). Furthermore, studies in the literature have explored the potential of natural
macroalgae consortia as biyosorbeiideniz & Tezel Ersanli, 2016b, 2018a, 2020a, 2020b,
2020c, 2021, 2022, 2023)aurencia dendroided. Agardh(synonym,LaurenciascopariaJ.
Agardh) is a marine species and is belongingltoideophyceaeRhodophytaTaylor (1960)
presented their distribution in Atlantic Islands,America, Central America, Caribbean Islands

and S. America. John et al. (2004) also recorded it in Africa, Senegal (Taylor, 1960; John et al.,
2004; Guiry & Guiry, 2012)Laurencia dendroideds a red algae species belonging to the
Rhodomelaceae familjred algae predominantly comprise seaweed species, but also include
genera of frediving unicellular microalgae. They are predominantly found in marine eco
systems but can also thrive in freshwater and terrestrial environments. Unique characteristics
of these algae encompass the lack of flagellate stages, the absence of centrioles, and the
presence of accessory phycobiliproteins arranged in phycobilisomes. Chlorophyll a is the
special type of chlorophyll found in these algae. The primary storage compailoridisan

st ar c4,4gluean polysaccharide, stored in the cytoplasm. Unlike Chlorophyta, where
starch grains are located within chloroplasts, in red algae, starch grains are exclusively found
in the cytoplasm. Most rhodophytes primarily undergo paototrophy. The class
Florideophyceae encompasses all multicellular genera, both in marine and freshwater habitats.
The cell wall in Florideophyceae is composed of over 70% veatieible sulfated galactans

such as agars and carrageenans. These substattsgnificant commercial value in the food

and pharmaceutical sectors owing to their capacity to create gels (Barsénial&éeri P.,

2006)

In this study, the structure of a chamigréyee metabolite (spiro[5.5]undecane derivative)
isolated fromLaurencia scoparighas been identified. A nesesquiterpene named mailione,
C14H10BrO2, was detected previously ibaurencia cartilaginea(Suescon et al., 2001).
Quantum chemical calculations provide useful information on the electronic, spectroscopic and
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optical properties of molecular systems, including structural properties such as bond lengths,
bond angles and torsion angles, primatdyupplement experimental datdney offer insights

into chemical processes that are difficult, ttowmnsuming, and/or expensive to determine
experimentally. In fact, some studies indicate that theoretical methods can yield more precise
data than experinmtal methods. Theoretical calculation data always serve as guiding,
supporting, and illuminating information for experimental data. Therefore, in order to support
the experimental data of ti®HDMU (Suescon et al., 2001) available in the literature, the
BHDMU was optimized using the Density Functional The@T) method and the-6
311G(d,p) basis set with the Gaussian 03W program (Frisch et al., Zeé8IDMU6 s t hr e e
dimensional structure was visualized using the GaussView 4.1.2 program (Denningtbn, Keit
& Millam, 2007) to validate experimental data. The optimized structure was then compared
with X-ray diffraction results, analyzing geometric properties such as bond lengths, bond
angles, and torsion angles. Furthermore, a comparative study was cormuctedlaying the
BHDMU® s -ra)Xand optimized geometridslectronic properties such as ionization potential

(1), chemical hardnessoftness, electronegativity)( electron affinity A), electrophilic and
nucleophilic indices, HOMO (highest occupied molc orbital) and LUMO (lowest
unoccupied mol ecul ar or bi E)betyweenctheseronitale werea n d t
studied. Additionally, total energy, dipole moment, Mulliken atomic charge values, and
thermodynamic properties were calculated ingaephase and five varied solvents (benzene,
dichloromethane, acetone, dimethyl sulfoxide, watdolecular electrostatic potential (MEP)
maps were generated to identify electrophilic and nucleophilic regions in the structure. Finally,
molecular dockingand Hirshfeld surface analysis were performed for the investigated
BHDMU.

Results and Discussion
Crystal Structure

The elucidation of the crystal structure of the spiro[5.5]undecane derivatbren& 9-
hydroxy-7,7-dimethyl11-methylenespiro[5.5]undet-en-3-one molecule (BHDMU),
separated from the red algaaurencia scopariawas carried out by Suescon and colleague
using Xray diffraction (Suescon et al., 2001). The chemical diagram, experimental, and crystal
structures of the BHDMU are illustrated in Figure 1.

Q

Br

(a)
Figure 1. a) Chemical Diagram, b) ExperimentatiRdy) Structure, c) Crystal Structure

The experimental Xay single crystal structure of the studied BHDMU is available at the
Cambridge Crystallographic Data Center under the code CCDC 162566. It has a closed formula
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of C14H10BrO», a molecular formula weight of 299.20 g/mol, and an orthorhorntit cell in
the P22,:2; crystal structure. The presence of intermoleculatH2Oé O1 i nt er acti o
observed (Suescon et al., 2001).

Geometric Optimization

The BHDMU, acquired from the Cambridge Crystallographic Data Centre with the code
CCDC 162566, was subjected to theoretical computations in thelgese at its ground state.
The B3LYP method (Becke, 1993; Lee, Yang & Parr, 1988) and DFT using3h&®(d,p)
basis set (Foresman & Frisch, 1996) implemented through the Gaussian 03W satkagep
The optimized geometry of the BHDMU was visualized using GaussView 4.1.2 (see Figure 2).
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Figure 2. Optimized Geometry of the BHDMU

Through geometrical optimization, the spatial configurations of atoms and molecular
structure wereelucidated and theoretical calculations were used to determine bond lengths,
bond angles, and torsion angles. These calculated parameters, along with specific experimental
values, are detailed in Table 1.

Table 1. Selected Variables

Experimental Theoretical
Bond Length( | )
Br1-C8 1.975 (7) 1.9878
01-C3 1.231 (7) 1.22540
02-C9 1.409 (8) 1.41763
C9-C10 1.522 (9) 1.53433
C10C11 1.495 (9) 1.50148
Bond Angle(°)
01-C3-C2 122.1 (8) 121.894
01-C3-C4 121.9 (8) 122.771
C1-C6-C11 111.0 (5) 110.652
C11-C6-C5 109.9 (5) 108.663
C11-C6-C7 108.1 (5) 108.310
C9-C8-Brl 107.8 (4) 107.098
C7-C8Brl 112.5 (4) 112.788
02-C9-C10 107.8 (5) 107.160
02-C9-C8 114.0 (6) 113.920
Torsion Angle(°)
01-C3-C4-C5 -146.7 (6) -148.177
C1-C2-C301 176.3 (6) 179.586
C1-C6-C7-C14 -54.4 (7) -54.786
C14C7-C8Br1 63.7 (6) 61.923
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C13C7-C8Br1 -56.5 (6) -57.834

C6-C7-C8Bri -175.3 (4) -177.270
C7-C8C9-02 65.6 (7) 66.855
Bri-C8-C9-02 -62.2 (6) -60.785
Br1-C8-C9-C10 177.7 (5) 178.143
02-C9-C10-C11 -75.4 (8) -77.001

Another method for comprehensive comparison involved overlaying the molecular
skeleton obtained from theoretical calculations onto thay<diffraction structure, resulting in
a root mean squar e e the ihgoreticaRddlSuaion @Figure®). Thig 6 |
discovery shows that the DFT/B3LYPBA1G(d,p) calculation faithfully reproduces the
geometry of BHDMU in question. It is very important to emphasize that the experimental
results were obtained in the solid peawhile the theoretical calculations were performed in
the gasphase. The RMSE value can be attributed to the lack of intermolecular coulombic
interactions with neighboring molecules in the gas phase, a factor present in the crystal lattice
observed inlie experimental results.

Figure 3. AtorrAtom Alignment: Calculated Structure (Shown in Red) Superimposed on
X-Ray Structure (Shown in Blue). Hydrogen Atoms Excluded for Clarity

The molecular structure of trBHDMU exhibits G point group symmetry. It comprises
36 atoms and is anticipated to have 77 normal modes of vibrations within the same a species
under G symmetry.

HOMO -LUMO Energies and Electronic Properties

Frontier Molecular Orbitals (FMOs), namely HOMQMO kinetic stability, elucidate
electron transitions as well as electrical and optical properties. Analyzing the electron density
distribution of a structure provides valuable insights into ionization pateelectron affinity,
chemical hardness/softness parameters, electrostatic potential, and the shapes of molecular
orbitals. The molecular orbitals are referred to as HOMIMO. Here, HOMO represents the
mol ecul ebs tendency thighest enargytoceupied osbital LUM@, ®n a n d
the other hand, signifies the moleculeds t
unoccupied orbital. In this study, Gaussian 03W program was used to calculatexbend
ELumo energy values for BHDMU usg the same method and basis 8st.examining the
electron density distribution based on the calcul&eslio andE.umo € n e r gH, IeAsG d, @

O S andw parameters were calculated in both-ghase and five varied solvents, as presented
in Table 2. The formulas for these parameters are as follow@+A)/2, O=-(1+A)/2, d=(1-A)/2,
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S=1/2d, w= &7/2d, (where:l andA represent ionization potential, electron affinity, respectively);
|=-EHomo, A=-ELumo, respectively (Koopmans, 1933; Perdew et al., 1982; Parr & Pearson,
1983; Senet , 1997; Geerlings, Proft & Lang
investigating theBHDMU in the gagphase and five varied solvents, the dielectric constant

value correlatd with an increase in the negativity Bfota, EHomo, and chemical potential

val ues, as we |l | a sk, eéhemicad kapdaesss electnophibcity intlelx,e
electronegativity, and dipole moment parameters, wikilemo and chemical softness
parametes exhibited a decrease.

Table 2. Theoretically Calculated Electronic Structure Variables

B3LYP/6-311G(d.p)
In gasphasgU=1)

In solutionphase

Benzene(= Dichloromethanel{= 8.93)
Etotal (Hartree) -3269.66849377  -3269.6732607 -3269.67770589
Erowmo (V) -7.0992 -7.2555 -7.3781
ELumo (eV) 0.5853 0.5108 0.4392
DEnomo-LumMo 7.6845 7.7658 7.8173
Chemical hardnes#() 3.8422 3.8829 3.9086
Chemical potentialg| -3.2569 -3.3721 -3.4695
Electronegativity ¢) 3.2559 3.3721 3.4695
Chemicalsoftnesg9) 0.1301 0.1288 0.1279
Electrophilicity index(w) 1.3804 1.4643 1.5398
Dipole moment (Debye) 2.2978 2.5824 2.8345

In solutionphase
Acetone ()= 20.49) DMSO (U= 46.7)
-3269.67882090 -3269.67934272

Water (J= 78.39)
-3269.67951133

Etwotal (Hartree)

Erowmo (eV) -7.4015 -7.5060 -7.5849
ELumo (eV) 0.4218 0.4120 0.4117
DE+omo-LuMO 7.8233 7.9180 7.9966
Chemical hardnes#() 3.9116 3.9590 3.9983
Chemical potentialg| -3.4899 -3.5470 -3.5866
Electronegativity €) 3.4899 3.5470 3.5866
Chemicalsoftnesg9) 0.1278 0.1263 0.1251
Electrophilicity index(w) 1.5568 1.5889 1.6086
Dipole moment (Debye) 2.8970 2.9264 2.9359

When t he e k)eof ggBHDMPaiplarge,ahe electron distribution undergoes
mi ni mal changes, r esul t Eimdicatessignificamwchangesiathe z at i
el ectron distribution and B&isgreateptioah 8.5 eVziet i on
signifies that th68HDMU is thermodynamically stable and robust. FurthermoreBthieMU
does not undergo selffeact i ons, di mer i z at Emihe gagphasepso | y me r
7.6845 eV. This substantial energy range i nd
and LUMO distributions obtained theoretically with the B3LYP method are depicted in Figure
4.
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Figure 4. HOMO and LUMO Distributions
Mulliken Charge Distribution

The Mulliken charge distribution method is widely used due to its ability to provide
i nformation

extensi ve

about

t he

mo |

ecul
atomic structures, charge distribution on atoms, donor and acceptor pditatifagielectron

eds

transfer in the molecule, and various properties of molecular structures (Mulliken, 1955). This
method is based on obtaining molecular orbitals through linear combinations of atomic orbitals.
However, this distribution does not precisedflect the electronegativity of each element (Reed

& Weinhold, 1985; Reed, Curtiss & Weinhold, 1988). In some extreme cases, it can assign
negative electron population to an orbital or calculate more than two electrons in a single orbital.
Consequently, Mlliken charges are used not only for quantitatively predicting experimental
results but also for making qualitative predictiom®. calculate the atomic charges of the
BHDMU, Mulliken density analysis was performed using the same method (Table 3).

According to these results, negative charges are mainly concentrated on oxygen (O) and carbon
(C) atoms, which have the highest electronegativity in the studied BHDMU.

Table 3.Atomic Charges of BHDMU in G&&hase and Various Solvent Media (e)
In solutionphaseB3LYP/6-311G(d,p)

In gasphase

Atom C= 1) Benzene  Dichloromethane Acetone DMSO _Water
(U=2.27) (U= 8.93) (U=20.49) (U=46.7) (U=78.39)
Brl -0.094522  -0.111683 -0.122704 -0.125441 -0.126717 -0.127128
o1 -0.303344 _ -0.332207 -0.354866 -0.360231 -0.362693  -0.363482
02 -0.383193  -0.389412 -0.400021 -0.402852 -0.404203  -0.404643
C1 -0.035841  -0.031194 -0.026813 -0.025683 -0.025150  -0.024977
C2 -0.101486 _ -0.107345 -0.112273 -0.113522 -0.114107  -0.114296
C3 0.206631  0.211832 0.217079 0.218392  0.219004  0.219201
C4 -0.213121  -0.213769 -0.214631 -0.214816  -0.214898 -0.214924
C5 -0.188413  -0.187357 -0.187190 -0.187089 -0.187033 -0.187014
C6 -0.236929  -0.239385 -0.242541 -0.243395  -0.243803  -0.243936
c7 -0.179671  -0.180220 -0.180842 -0.180994 -0.181066 -0.181090
Cs8 -0.255357  -0.253932 -0.253682 -0.253602 -0.253560 -0.253546
C9 0.095357 _ 0.096907 0.098491 0.099040  0.099322  0.099417
C10  -0.163410  -0.164527 -0.166426 -0.167000 -0.167285 -0.167380
Cll  -0.019590 -0.024263 -0.024633 -0.024675 -0.024687  -0.024690
Cl2  -0.149194 -0.154580 -0.163976 -0.166647 -0.167946 -0.168373
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C13 -0.218750  -0.221639 -0.224662 -0.225514 -0.225925 -0.226060
C14 -0.238333  -0.237526 -0.237019 -0.236795 -0.236673 -0.236632
H1 0.122601 0.134058 0.141263 0.143058 0.143892  0.144160
H2 0.109049 0.113557 0.114922 0.115119 0.115190 0.115210
H4A 0.139517 0.146412 0.149894 0.150723 0.151105 0.151228
H4B 0.133005 0.126609 0.125896 0.125662  0.125548  0.125510
H5A 0.113141 0.117675 0.125739 0.128029 0.129141  0.129506
H5B 0.134417 0.132385 0.134661 0.135188 0.135427  0.135503
H8 0.179235 0.182312 0.190758 0.193143 0.194299  0.194679
H9 0.132660 0.135200 0.139725 0.140907 0.141468  0.141651
H10A  0.133936 0.139545 0.139305 0.139009 0.138835 0.138774
H10B 0.126416 0.129412 0.137270 0.139563 0.140686  0.141055
H12A  0.099349 0.110158 0.114261 0.115173 0.115583  0.115713
H12B  0.105324 0.111144 0.113838 0.114538 0.114869 0.114976
H13A  0.131945 0.130209 0.128176 0.127511 0.127178  0.127067
H13B  0.106994 0.104818 0.108394 0.109379 0.109853  0.110008
H13C 0.115253 0.116122 0.117694 0.118141 0.118358  0.118429
H14A  0.116453 0.117685 0.117530 0.117455 0.117414 0.117400
H14B  0.098999 0.104720 0.109752 0.111110 0.111757 0.111968
H14C  0.135500 0.135895 0.129740 0.127820 0.126862  0.126544
H20 0.245374 0.252385 0.257892 0.259296  0.259955  0.260169

The Mulliken atomic charge value of carbon atom C8 e&sulated to be higher compared to

other carbon atoms, mainly due to the significant electronegative properties of its neighboring
atoms. All hydrogen atoms exhibit a clear positive atomic charge. The H20 atom has the
highest positive atomic charge, cdbted as 0.245374 e in the galsase. Negative charges are
concentrated on the oxygen atoms, which have the highest electronegativity. As seen in Table

3, oxygen atoms O1 and O2 have higher negative values compared to other atoms, indicating

the presencefdnydrogen bonding between @22 Oé O1 mol ecul es. Upon in
gasphase and varied solvents, it was observed that as the solvent polarity increases, the
negativity of atomic charge valwues for at ol
negaive, and the positivity becomes more positive (Table 3).

Thermodynamic Properties

Due to the complexity of studying heat effects in thermodynamics, many compounds lack
known values for heat formation. This situation emphasizes the importance of quantum
chemical methods in theoretical calculations. By examining quantum chemical reshkaf
effects, decisions can be made regarding the occurrence of chemical reactions. Thermodynamic
guantum chemical data are widely used in studying the reaction mechanisms of compounds.
The thermodynamic characteristics of the stud&tDMU were calculated under gabase
conditions at 298.15 K and 1 atmosphere pressure. Gaussian 03W program using the same
method and the same basis set. The results are presented in Table 4.
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Table 4. Thermodynamic Properties Calculated at 298.15®asPhase

Parameter B3LYP/6-311G(d,p)
Zero-point
Vibrational energyE.i, (kCal/Mol) 190.69655
Rotational constants (GHz) X 0.75543
Y 0.22555
z 0.20481
Thermal energyEw (kCal/Mol)
Total 201.134
Vibrational 199.356
Rotational 0.889
Translational 0.889
Heat capacity(C,) (Cal/Mol.K)
Total 66.702
Vibrational 60.740
Rotational 2.981
Translational 2.980
Entropy (S (Cal/Mol.K)
Total 128.209
Vibrational 51.748
Rotational 33.487
Translational 42.973

The same calculations were performed in the temperature rang)Q0XK. The results
are presented in Table 5. As shown in Table 5, these parameters increase with increasing
temperature, indicating that the thermal energiesmolecular vibrations increase with
temperature.

Table 5.Thermodynamic Characteristics at Various Temperatures Using the B3LYP/6
311G(d,p) Method

T (K) C, (Cal/Mol.K) S(CallMol.K) H (kCal/Mol)
100.00 24417 80.139 1.566
200.00 46.022 105.190 5.305
208.15 66.702 128.209 11.030
400.00 87.172 151.309 19.087
500.00 104.442 173.119 28.893
600.00 118.633 193.821 40.270
700.00 130.274 213.318 52.932
800.00 139.950 231.630 66.657
900.00 148.103 248.832 81.269
1000.00 155.040 265.014 96.634

Quadratic equations were used to establish correlation relationships between heat
capacities, entropies, enthalpy changes and temperatures as shown in the following equations.

55



The factors of agreemen®() f or t her modynami c apdrO®983r t i es
respectively. The corresponding temperature dependent correlation plots are shown in Figure
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Figure 5. Temperature Variation of Theoretically Calculated Thermodynamic Properties for
theBHDMU
Cv(T) =-1.7164+0.264871.08602x10T? R? = 0.99976 (2)
S(T) = 54.15291+0.26508%.41501x10T? RP=1 (2)
H (T) =-2.89997+0.02784T+7.26446x11? R?=0.99953 (3)

These equations can be utilized in subsequent studigsimg theBHDMU . For example,
when investigating the interaction of thBHDMU with another substance, these
thermodynamic properties can be derived from the aforementioned equations. These properties
can be used in further studies to determine the change in the Gibbs free energy for the reaction.

Molecular Electrostatic Potential (MEP) Surface Analysis

MEP provides insights into the local polarity of a molecule (Pearson, 1989). MEP surfaces
serve as a valuable tool for explaining the reactivity, structural activity, and hydrogen bonding
of molecules. MEP iglescribed using a col@moding system. Red regions) (represent
negatively charged electrostatic potential areas, indicating the pull of protons (due to lone pairs,
" bonds) by the high electron density of the molecules. The blue regions represenf areas o
electrostatic potential with (+) positive charges, indicating that protons are repelled by the
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atomic nucleus in areas where the electron density and nuclear charge are not perfectly
balanced. The MEP surface map of the structure optimized with the BBietiod is shown
in Figure 6.

-0.0543 a.u. +0.0543 a.u.

(c)
Figure 6. (a) MEP, (b) MESH, and (c) MEP Contour View ofBhREDMU

Negative regions are observed around the oxygen atoms in the BHDMU compound (O1
and 02;-0.05388,-0.03245 a.u., respectively), indicating theesence of hydrogen bonding
between the OH20...01 molecules. Electreanch red lines are localized around the oxygen
atoms, whereas regions with high hydrogen density are shown by grgelhisth lines.

Molecular Docking (MD) Studies

Thesignificance of MD methods in molecular structure analysis has become increasingly
evident, reflected in the rising number of research studies in the literature. MD stands out as
one of the most useful techniques for deciphering the binding geometry hetnseo
molecules and small molecules. In these studies, particularly in piig@md binding
simulations, MD proves uniquely advantageous, accelerating biochemical and pharmacological
research. It facilitates the calculation of crucial data such asgiadfinity, binding pose, and
binding geometry. The surgeincomputer ded drug designédés popul ar |
for innovative software, making the MD method applicable across diverse disciplines.

Schiff bases find versatile applications spagn biology, physics, chemistry,
pharmacology, and more. Their imine structure endows them with a wide array of properties.
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Literature studies undeniably confirm the anticancer and antitumor properties of Schiff bases,
evident since their synthesis. Funtimere, Schiff base complexes with metals emerge as
promising ligand candidates. An MD analysis was performed on the complex containing Kelch

like ECHassociated protein 1 (KEAP1) and nuclear factor erythresdsciated factor 2

(NRF2) (PDB ID: 2flu). TheKeapXNrf2 signaling pathway plays an important role in both
systems, providing insights into oxidative stress and cancer pathogenesis. (Cheng et al., 2021).
Oxi dative stress refers to the i mbalance in
oxygen species and iproducts generated during reactions or repair processes (Preddy &
Watson, 2010). This imbalance can result in various biological damages, including DNA base
damage and strand breaks, potentially causing significant disruptions iniorgans 6 vi t a
processes. Keapl functions as a negative regulator of the Nrf2 protein, which in turn governs
the expression of protective proteins against oxidative damage induced by injury or
inflammation in cells. Absence of oxidative stress, Keapl irdhiif2 activation, keeping Nrf2

in the cytoplasm. However, when Keapl is subjected to stress or mutations, this inhibition is
disrupted. Consequently, Nrf2 relocates to the nucleus, activating cytoprotective genes.
Literature studies have substantiated geamutations in certain lung cancer patients
(Padmanabhan et al., 2006he MD study involving BHDMU and the Keaprf2 complex

was done using Autodock Vina 1.5.6 software (Trott & Olson, 2010). The findings from this
analysis are detailed in Table 6.

Tale 6. MD Results between BHDMU and Kedjirf2 Complex
AFFI NI TY

MODE (kCal / Mo RMSD | . RMSD wu. b
1 7.9 0.000 0.000
2 -7. 8 3.504 6. 451
3 7.7 2.993 6. 007
4 7.5 2.235 4. 832
5 -7. 3 2.284 5.174
6 6.9 5.477 8.402
7 6. 8 5.651 8.566
8 6. 7 5.245 6. 937
9 6. 7 5.705 7. 703

According to Table 6, the MD process resulted in 9 different binding modes for the
BHDMU. Among these binding modes, the best binding mode was observed to be mode 2, with
a binding affinity of-7.8 kCal/Mol. Considering the interaction of Schiff base ligands with
proteins, this score appears to be a sufficiently good value. According to Table 6, the MD
process resulted in 9 different binding modes for BHDMU. Among these binding modes, the
best binding mode wasbserved to be mode 2, with a binding affinity -@t8 kCal/Mol.
Considering the interaction of Schiff base ligands with proteins, this score appears to be a
sufficiently good value.
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(@) (b)

Figure 7. MD Results for thBHDMU and KeapiNrf2 Complex

Figure 7 defts the outcomes of the MD analysis between the BHDMU and the Keapl
Nrf2 complex, highlighting the optimal binding mode and amino acid interactions. The binding
mode shown in Figure 7.a illustrates the precise localization of the compound within tke activ
site of the KeapINrf2 protein. Figure 7.b provides insights into the specific interactions
occurring between the BHDMU and adjacent amino acid residues in the macromolecular
structure. In particular, a hydrogen bond is observed between the oxygerf 8dDMU and
the amino acid residue ILE:559. Upon closer examination of the docking results, it becomes
apparent that the distinctiv€=N (imine) structure in the BHDMU significantly contributes to
its remarkable physical and chemical properties. Exiditegature supports the notion that
Schiff base ligands engage with the active regions of proteins, leveraging their superior
conformational features to enhance the physical and chemical characteristics of the resulting
structure.

Hirshfeld Surface (HS) Analysis

HS analysis is a novel approach for the graphical exploration of all- iamd
intermolecular contacts within a crystal structure, providing detailed quantitative insights
(McKinnon, Jayatilaka & Spackman, 2007; Spackman & Jayatilaka, 2008)is study, the
crystallographic information file (.cif file) of the crystal lattice of the BHDMU molecule, whose
structure was elucidated by Suescon et al. in 2001, was used as an input file in
CrystalExplorerl7.5 (Turner et al. 2017) to perform H8lysis of the structure. The aim was
to understand the packing nature of molecules within the crystal lattice and confirm all
interactions within the BHDMU. This analysis visualized all intermolecular and intramolecular
interactions (Spackman & McKinnon,0@2; McKinnon, Jayatilaka & Spackman, 2007;
Spackman & Jayatilaka, 2009; Spackman et al. 2021) and provided insights into the normalized
contact distance f(em), distance to the nearest nucleus outside the Hp (istance
corresponding to the nearestctaus inside the surfaceidshape index, curvedness, and
fragment patch maps related to the studied BHDMU, as shown in Figure 8.
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(@ (®) ®

Figure 8. HS Maps for the InvestigatBHHDMU, Including (&) dorm (b) d, () &, (d) Shape
Index, (e)Curvedness, and (f) Fragment Patch

For theBHDMU, the indices corresponding taoeh, d, and d surfaces were obtained
withintherangesof0 . 5083 to 1.3017, 0.8027 to 2.5360,
Shape index, curvedness and fragmerttpatere observed in the rangéso 1,-4 to 4 and 0
to 13, respectively (Figure 8). The shape index indicates planarinteractions between
molecules. These interactions are represented in HS by adjacent blue and red triangles in the
shape index. Theed points observed on the HS\¢#) provide information about bond
strengths based on color concentration, with darker red points indicating stronger hydrogen
bonds compared to lighter red points. When examining the red regions on the dnorm map in
Figure 9, illustrating intermolecular contact regions of the stuBid®MU, it is noted that the
oxygen atominvolvedinthe 8L L 0L O contact is prominently fe

Figure 9. dorm HS Map lllustrating the Intermolecular Contact Regions of the Investigated
Molecule

Figure 9 displays the packing arrangement of the investigated molecule on.idS]
Two-dimensional (2D) fingerprint plots based on HS analysis represent a way &otehiae
and summarize the contact types of all interactions between molecules (Spackman &
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McKinnon, 2002). The twalimensional representation of the Hirshfeld surface, resembling a
fingerprint and composed of blue dots, is drawn witratles given on #hy-axis and dvalues

on the xaxis. All interactions are depicted through separate 2D fingerprint plots for each
interaction, along with their relative contributions to the HS, as shown in Figur&ht0.
dominant interaction, accounting for 64.0% of timgerprint plot, was found to involve-HH
interactions as a result of the high abundance of hydrogen atoms on the molecular surface.

Contributions on the HS are primarily attr
(18. 3%), Br é H/ HéBr (12. 8%WEBr /BrH/MHE ¢ 1.(32%)4, %
BréO/ OéBr (1.2%) interactions.

ALLAY d H.H d H..0 d

&r.C ad | gr,.0 d O..6r d

Figure 10. TweDimensional Fingerprint Plot Illustrating the Main Intermolecular
Interactions of the Investigated Molecule
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Conclusion

In this study, quantum chemical calculations were performed using the Gaussian 03W
program to elucidate the structural, electrical, and electronic properties BHDBU. The
geometrical, electrical, and electronic properties of the molecule were tbeallyativestigated
using theDFT/B3LYP/6-311G(d,p) The obtained minimum energy structures were compared
with the experimental values obtained using theaX method available in the literature, and it
was found that the geometric parameters of the maecate in good agreement with the
experimental values. To determine the stable structure, geometry optimization was performed
first. As a result of this optimization, bond lengths, bond angles and torsion angles of the
molecule were determined. The expesimal values obtained were compared with the
calculated geometric parameters since the structure of the investigated molecule had previously
been determined by the-péy diffraction methodlIt is important to emphasize that the
experimental results correspd to the solid phase, while the theoretical calculations are based
on the gagphase. In the solid state, the effect of the crystal field, coupled with intermolecular
interactions, leads to molecular interconnections, resulting in differences in bontepersa
bet ween calcul ated and experiment al val ues.
total energies were computellh eE and the molecular parameters including, 6, d, O, S
andw were calculated both in the gpkase and in five varied solvents. According to Mulliken
charge analysis, it was observed that O1 and O2 atoms have higher negative values compared
to other atoms, indicating the presence of hydrogen bonding betwedr2G2 ©1 molecules.

Mulliken charge analysis in the gabase and varied solvents revealed that as the solvent

pol arity increases, the negativity of atomic
are negative and decreases if they are positiveelations between statistical thermodynamics

and temperature were also established. The thermodynamic parameters were found to increase
with rising temperature due to the intensification of molecular vibrations. The MEP map
confirmed the presence of intrafacular OH...O interactions. MD studies were carried out for

BHDMU. HS analysis was performed to examine the intermolecular interactions of the
BHDMU under investigation. Additionally, 2D fingerprint plots were generated to determine
contributions to thélS area. It was found that the most significant contribution to the HS area

was due to hydrogen abundance inBi#DMU, i ndi cating HLLLH intere
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Investigation of the Sensef Belongng Among University Students Usng
Statistical Methods

CengizGAZEL OJ'L U
Tunahan TURHAN?

Introduction

Belonging, primarily a concept related to understanding human relationships, refers to
the sense of "relatedness," "affiliation,” and "belongingness.” It is fundamentally a concept
understood through associatiamdarepresents an individual's effort to integrate with what they
desire to belong to (Karip et al., 2020).

Bowlby argues that establishing close relationships with one's environment is a
fundamental necessity for development in order to sustain one'Bdidby emphasizes that
emotional bonds form the foundation of development, and initially, the individual has a primary
need to establish close relationships with t
2013).

In the literature, it is expresd that individuals living with a functional/healthy family
have no difficulty in expressing themselves, are open to communication, and demonstrate a
more respectful attitude towards themselves and others (Muyibi at al., 2010).

In terms of an individual’psychological welbeing, feeling loved, respected, and having
a sense of belonging play a significant role. However, the absence of a sense of belonging can
negatively impact an individual's mental health, leading to behavioral and adjustment problems
(Duru, 2007).

In this context, it does not seem feasible to expect that the work and interpersonal
relationships of individuals who lack a sense of belonging to the environment they find
themselves in would be the same as those who possess a sense ofddlmsufficient sense
of belonging can adversely affect an individual's life circumstances.

When individuals cannot fulfill their need for belonging adequately, they may experience
emotional problems such as depression, anxiety, and loneliness (Uysa2@15).

For example, Beyer (2008) found that students experiencing a lack of belongingness have
a higher risk of rejection, alcohol/substance use, school absenteeism, a tendency towards
vi olence in the school environment, and depr

Also, Melor et al. (2008) aimed to examine the subjective states of loneliness and the
need to belong with a sample of 436 volunteer participants selected from the Australian Unity
Wellbeing database. In this study, the authors collected data from patscipaough a
guestionnaire that included the Personal ViBgling Index, the UCLA Loneliness Scale, the
life satisfaction measure, and the satisfaction with personal relationships measure included in
the Need to Belonging Scale. They then talked in detalutithe implications for these
subjective situations.

IAssoc. Dr. S¢leyman Demirel University, Department of
2Assoc. Dr . S ¢ | ey raculty dD Edocatiore DepadmentwofeElemantary Mathematics Education,
tunahanturhan@sdu.edu.tr
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According to Maslow's hierarchy of needs theory, with the onset of adolescence,
important needs such as belonging, status, commitment, and a high sense of self emerge for
individuals (Alptekin, 2011).

Maslow (1987) defines the sense of belonging as a need for being accepted, recognized,
valued, and significant by others (Karip et al., 2020).

Similarly, Frey and Wilhite (2005) define the environment where a sense of belonging is
felt as an interactive mwork of relationships characterized by intense interest, love, and respect
(Alptekin, 2011). This definition emphasizes the importance of interactive relationships in the
development of a sense of belonging. According to Frey and Wilhite, for an inditadiee!

a sense of belonging to a group, community, or environment, there needs to be intense
experience of interest, love, and respect in that environment. This collective of relationships
allows individuals to feel accepted, valued, and significant.

Mavili et al. (2014) developed a measurement tool to determine the belonging of
individuals to their families in their study. At the end of the study, agniat Likerttype scale
consisting of a total of 17 items thought to represent family belongingbtamed. Later, this
scale was applied to 1579 university students studying at different universities in Konya and
the results were analyzed.

The environment where emotions are expressed significantly influences an individual's
style of emotional expressi. When people perceive their environment as healthy and peaceful,
they can express their emotions more freely. This environment helps individuals relax
psychologically (Karip et al., 2020).

Individuals know that in order to express their emotions, tleey o feel safe and be met
with understanding by the people around them. In a healthy environment, individuals are
encouraged and supported to express their emotions. This occurs in an environment where
emotional burdens can be shared and emotional esxpnssare accepted.

With an increase in the sense of belonging, individuals can achieve better emotion
regulation. They can make sense of their emotional experiences, express them, and manage
them appropriately. This helps individuals control their ematistates more effectively.

The strengthening of a sense of belonging makes an individual's daily life more
productive. It enables maintaining emotional balance, establishing positive relationships,
seeking and providing support, and coping with emotiartelllenges. This improves the
individual's quality of life and helps them cope with stress.

The sense of belonging can also play an important role in coping with problems. Feeling
a sense of belonging to a community or environment provides support astdrassito the
individual. Connecting with others, working together, and being in solidarity enable access to
more resources and support for problgoiving. The sense of belonging enhances the
individual's problensolving skills and helps them find mordeadtive solutions.

In conclusion, it is believed that an increased sense of belonging enhances emotional and
situational control and makes an individual's daily life more productive. Similarly, it can be
said that a sense of belonging can contribute tongopith problems.

Literature Review

Concept of Belonging

The sense of belonging is an inherent emotion that emerges with human existence and is
intertwined with human identity. From primitive societies to modern developed societies, the

68



need for individubs to feel a sense of belonging has always been present. In primitive societies,
the need to be a member of a group and to belong to that group arose due to reasons such as
establishing a settled order, meeting housing needs, and ensuring defense aydlsexceit

at al., 2007).

Need for Belonging

The need for belonging has been described as a fundamental requirement by various
theories and theorists. Bowlby argued that establishing close relationships is a fundamental
prerequisite for human developmémensure survival, and emphasized the crucial role of close
emotional bonds in development. According to Bowlby, the individual has a primary need to
establish a relationship with the family. The need for belonging expresses the desire of
individuals to brm social connections, be accepted, and participate in relationships. This need
influences the formation of identity and seteem. The family is where individuals establish
their first and most fundamental social relationships, shaping their sereemging and social
connections (Ecke at al., 2006).

Human Needs and Theoretical Approach to Belonging (Maslow's Theory)

Maslow developed a theory that explains human needs in a hierarchical structure, and
within this theory, the sense of belonging and ieed for it also hold an important place.
Maslow's hierarchy of needs theory has gained broad acceptance in the literature and has been
used in numerous studies (Yusufojlu & Cerev,

Esteem
respect, self-esteem, status, recognition, strength, freedom

i

Safety ne
personal security, e

Physiological needs

air, water, food, shelter, sleep, clothing, reproduction

Figure 1.Maslow's Hierarchy of Needs

When examining Maslow's Hierarchy of Needs Pyramid theory, developed by Maslow in
1943, it can be seen in the literature review that the introduction story refers to the research
findings conducted by a psychologist in a clalisetting (Walsh, 2011). Clinical studies have
shown that individuals set specific goals in their lives and shape their lives accordingly. The
self-actualization stage in Maslow's theory encompasses the fulfillment of goals in one's life
andtheneedstha ari se in pursuit of these goals (Ku

It is known that individuals have ongoing needs throughout their lives and set goals based
on these needs, which establishes the theoretical order of the hierarchy. Within Maslow's
Hierarchy of Need$’yramid, needs are divided into specific categories and levels. For an
individual to move to the upper level of the hierarchy, it is expected that their needs in the lower
| evel have been met to a sufficient extent (

When examining Figure 1, is noteworthy that the first two levels of the theory primarily
focus on physiological needs, while the subsequent levels focus more on sociological and
psychological needs. Since humans are social beings and need to fulfill their basic physical
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needs irorder to socialize, it is not possible for them to concentrate on the higher levels without
prioritizing these | ower | evels (¢oban, 2021

A study conducted by Sirgy (1986) focuses on life satisfaction and human development
perspectives. This study wasnolucted by incorporating factors that balance individual
devel opment and | ife satisfaction into Masl
2015).

Material and Method

This research was conducted using data obtained through surveys filled out Igsstude
actively enrolled at S¢l ey ma&023 dcademicryeal. ThEni v er
"Sense of Belonging Scale" was used in the study and administered to participants selected
through simple random sampling. The sample size was n=180, with acswd#itevel of 95%
and a margin of error of 5%. The scale consisted of two parts: the first part collected participants'
demographic information, followed by an-itBm questionnaire. Data processing and analysis
were performed using the Statistical Paclader the Social Sciences (SPSS) software.
Independent Samplestdst was employed for variables with two groups, and-Oag
Analysis of Variance (ANOVA) was used for variables with more than two groups. When
examining the results of the variance analygi®ups showing significant differences were
identified, and in cases where the variances were homogeneous, Tukey's test was used for
interpretation, while Tamhane's test was utilized in cases of heterogeneous variances.

Findings and Discussion

The descptive statistics table of the participants based on the administration of the Sense
of Belonging Scale to S¢leyman Demirel Uni ve

Table 1.Descriptive Statistics
Group Frequenc %

Age 1822 106 58.9
23+ 74 41.1

Educational Status Undergraduate 144 80.0
Graduate 36 20.0

Variable

Class Level
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Table 2.Gender Analysis Results

Variable Factor Group n ° Std. (p)
Gender Sense of Female 99 2,47 0,75
Belonging Male 81 2,56 0,70 0,166

Ho: There is no statistically significant difference in the sense of belonging among the
gender groups of the participants.

Hi: There is a statistically significant difference in the sense of belonging among the
gender groups of the participants.

The calclated significance (p) value from the analysis is determined as 0.166. Therefore,
the Hy hypothesis is accepted. Based on the findings, it is concluded that there is no statistically
significant difference in the sense of belonging between females anslahal®5% confidence
level. Detailed result are given in table 2.

In addition, the results obtained when Table 2 is examined can be summarized as follows:
While the average of the sense of belonging among women is 2.47, this value is 2.56 among
men. Wecan say that men have a slightly higher sense of belonging than women. However, the
p value was found to be 0.166. This is higher than the 5% (0.05) threshold. Therefore, we can
conclude that this difference between gender groups is not statisticallficsigni Standard
deviation valueshow the distribution of participants' answers. The distribution of answers on
the sense of belonging among women (0.75) is slightly higher than that of men (0.70). That is,
the answers to the sense of belonging amonghevo are somewhat more variable. In
conclusion, based on these data, it was concluded that there was no statistically significant
difference in sense of belonging between men and women. This means that gender does not
have a determining effect on the sen$delonging on this scale. However, there is a small
difference between the averages in both gender gibaipe. 3.Age Analysis Results

Variable Factor Group n ° Std. (p)
Age Sense of 1822 106 2,56 0,72 0.979
SRITE 23+ 74 2.43 0,74 ’

Ho: There is no statistically significant difference in the sense of belonging among the age
groups of the participants.

Hi: There is a statistically significant difference in the sense of belonging among the age
groups of the participants.

The calculated significance (p) value from the analysis is determined as 0.979. Therefore,
the Hy hypothesis is accepted. Based on thdifigs, it is concluded that there is no statistically
significant difference in the sense of belonging among the age groups at a 95% confidence
level. Detailed result are given in table 3.

In Table 3, the results obtained regarding the sense of belongitige participants
according to their age groups are given. Considering Table 3, while the average sense of
belonging is 2.56 among the participants age@28his value is 2.43 among the participants
aged 23 and over. We can say that participants 4g&22 have a slightly higher sense of
belonging than participants aged 23 and over. However, the p value was found to be 0.979. This
value is much higher than the 5% (0.05) threshold value generally used in scientific studies.
This means that the differemdetween age groups is not statistically significant. That is, the
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HO hypothesis was accepted. On the other hand, the standard deviation shawethe
distribution of the participants' answers. The distribution of responses on sense of belonging
was s@milar between both age groups, but the 23 and older group was slightly more variable
(0.74 vs 0.72).

In conclusion, based on these data, it was concluded that there was no statistically
significant difference in sense of belonging between age groupsnigaiss that age has no
decisive influence on the sense of belonging on this scale. However, there is a small difference
between the averages between the two age groups.

Table 4.Place of Residence Analysis Results

Variable Factor Group n ° Std. (p)
Place of Sense of House 126 2,55 0,77
Residence Belonging  Apartment 34 2,40 0,63 0,531
Dormitory 20 2,43 0,60

Ho: There is no statistically significant difference in the sense of belonging among the
locations where the participants reside.

Hi: There is a statistically significant difference in the sense of belonging among the
locations where the participants reside

The calculated significance (p) value from the analysis is determined as 0.531. Therefore,
the H hypothesis is accepted. Based on the findings, it is concluded that there is no statistically
significant difference in the sense of belonging among thatilns where the participants
reside at a 95% confidence level. Detailed result are given in table 4.

Table 4 presents the analysis of the results obtained regarding the sense of belonging of
the participants by place of residence (housing type). Acaptdithis table, the average of the
sense of belonging among the participants residing at home is 2.55, 2.40 for those living in flats
and 2.43 for those living in dormitories. We can say that the participants living in the house
have a slightly higher sea of belonging compared to other types of housing. In addition, when
the standard deviation valuase taken into account, the distribution of the answers in the sense
of belonging of the participants living at home (0.77) is slightly more variablettizaather
types of housing.

As a result, based on these data, it was concluded that there was no statistically significant
difference in sense of belonging according to residence (housing types). This means that the
place of residence does not haveegisive influence on the sense of belonging at this scale.
However, there are small differences in the averages between the three housing types.

Table 5.Education Level Analysis Results

Variable Factor Group n ° Std. (p)
Educational Sense of Undergraduate 144 2,51 0,71
Status Belonging Graduate 36 2 49 0,81 0,176

Ho: There is no statistically significant difference in the sense of belonging among the
educational statuses of the participants.

Hi: There is a statistically significant difference in the sense of belonging among the
educational statuses of the particifsan
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The calculated significance (p) value from the analysis is determined as 0.176. Therefore,
the H hypothesis is accepted. Based on the findings, it is concluded that there is no statistically
significant difference in the sense of belonging among dtacational statuses of the
participants at a 95% confidence level. Detailed result are given in table 5.

Table 5 includes the results obtained regarding the sense of belonging according to the
educational status of the participants. Here, while the awesagse of belonging is 2.51 among
the participants who have received education at the undergraduate level, it is seen that this value
is 2.49 for those who are at the graduate level. Accordingly, it can be said that there is a very
small difference betweethe averages and this shows that the participants at the undergraduate
and graduate levels have a similar sense of belonging. When the standard deviatiomeralues
examined, it was observed that the distribution of the answers in the sense ofngetdrige
graduate level participants (0.81) was slightly more variable than the undergraduate level
participants (0.71).

As a result, based on these data, it was concluded that there was no statistically significant
difference in sense of belonging acdaglto educational status. This means that education
level does not have a decisive influence on the sense of belonging on this scale. However, there
is a very small difference between the averages between the two education levels.

Table 6.Education LeveAnalysis Results
Variable Factor Group n ° Std. (p)

Level of Sense of  Associate's Degree 50 264 0,69
Education Belonging Bachelor's Degree 101 256 0,74 0,006
Master's Degree 29 2,12 0,64

Ho: There is no statistically significant difference in the sense of belonging among the
educational statuses of the participants.

Hi: There is a statistically significant difference in the sense of belonging among the
educational statuses of the particifsan

The calculated significance (p) value from the analysis is determined as 0.006. Therefore,
the HO hypothesis is rejected. Based on the findings, it is concluded that there is a statistically
significant difference in the sense of belonging among tthecaional statuses of the
participants at a 95% confidence level. Specifically, there is a difference observed between
individuals with Associate's and Bachelor's degrees compared to those with Master's degrees.
Information regarding the means of the valet groups is provided explicitly in Table 6.

Table 6 shows the results regarding the sense of belonging according to the education
level of the participants. The average of the sense of belonging of the participants at the
associate degree level is 2.8de average of those at the undergraduate level is 2.56, and the
average of the participants at the graduate level is 2.12. This shows that especially the graduate
level participants have a lower sense of belonging compared to other education levels. Here
the p value was found to be 0.006. This value is above the 1% (0.01) threshold but below the
5% (0.05) threshold. This means that there is a statistically significant difference in sense of
belonging by education level. So the HO hypothesis cannot leptecc This analysis shows
that the sense of belonging of the graduate level participants is statistically significantly lower
than the associate and undergraduate level participants. However, the difference between
associate and undergraduate level is tdsar. This finding may suggest that individuals at the
graduate level may have different experiences or expectations compared to those at other levels
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of education. In addition, these results may reveal the necessity of conducting further analyzes
in order to examine the effect of education level on individuals' sense of belonging.

Table 7.Class Level Analysis Results

Variable Factor Group n ° Std. (p)
Class Level Sense of 1 25 2,35 0,75
Belonging 2 75 2,46 0,66
3 37 259 059 ize
4+ 43 2,61 0,91

Ho: There is no statistically significant difference in the sense of belonging among the
class levels of the participants.

Hi: There is a statistically significant difference in the sense of belonging among the class
levels of the participants

The calculated significance (p) value from the analysis is determined as 0.425. Therefore,
the Hy hypothesis is accepted. Based on the findings, it is concluded that there is no statistically
significant difference in the sense of belonging among tEsdevels of the participants at a
95% confidence level. Detailed result are given in table 7.

Table 7 shows the data obtained regarding the sense of belonging of the participants
according to their class levels. Considering the averages, we can sas thatgrade level
increases, the mean sense of belonging also increases: while the average sense of belonging is
2.35 for 1st grade students, this value increases to 2.46 for 2nd grade, 2.59 for 3rd grade
students, and 2.35 for 1st grade students. leasas to 2.61 for 4th grade and above. This
increasing trend may suggest that the sense of belonging may increase with the time students
spend at university or college. However, we must examine-tlaue to see if this trend is
statistically significantOn the other hand, the p value was found to be 0.425. This value is
higher than the 5% (0.05) threshold. This means that there is no statistically significant
difference in sense of belonging by grade level.

In conclusion, based on these data, it was lcolec that there was no statistically
significant difference in sense of belonging between grade levels. However, it was observed
that the sense of belonging showed an increasing trend as the grade level increased. This may
indicate that students' sensebelonging may evolve during their time at school. In addition,
these results reveal that class level does not have a determining effect on the sense of belonging.

Table 8.Monthly Income Level Analysis Results

Variable Factor Group n ° Std. (p)
Monthly Sense of 20002500 39 263 0,80
Income Belonging 25013000 18 2,47 0,78 0504
Level 30013500 20 2,32 0,59 ’
3501+ 103 2,51 0,71

Ho: There is no statistically significant difference in the sense of belonging among the
monthly income levels of the participants.

Hi: There is a statistically significant difference in the sense of belonging among the
monthly income levels of the parti@pts.

The calculated significance (p) value from the analysis is determined as 0.504. Therefore,
the Hy hypothesis is accepted. Based on the findings, it is concluded that there is no statistically

74



significant difference in the sense of belonging amorg rtionthly income levels of the
participants at a 95% confidence level. Detailed result are given in table 8.

Table 8 shows the results obtained for the sense of belonging according to monthly
income levels. From this point of view, it is seen that theeeslight fluctuation in the sense of
belonging according to monthly income levels. When the averages are examined; It is seen that
the average sense of belonging of those in income brackets is 2.63, this average is
2.47 with a slight decreaserfthose who earn 2568000, and the average of sense of belonging
drops to 2.32 for those who earn 368800. Finally, it can be said that this value increases to
2.51 for those with a monthly income of 3501 and above. Although there is a small trend
between the means, thevalue (0.504) indicates that these differences are not statistically
significant at the 95% confidence level. Simply put, there may be some variation in the sense
of belonging between different income groups, but it is concludedtbse differences are not
statistically significant and may be coincidental.

As a result, the monthly income level of the participants does not have a statistically
significant effect on their sense of belonging, according to the data provided.

CONCLUSION

In this study, the potential effects of different demographic characteristics (gender, age,
place of residence, education level, class level, monthly income level) on the sense of belonging
were discussed. When we examine each feature in detail, theifgloanclusions are reached:

Gender: There was no statistically significant difference between men and women in
terms of sense of belonging. This shows that gender is not a determining factor in this context.

Age: No significant variance in sense of belmggwas observed between different age
groups. This indicates that age does not have a dominant effect on this emotional process.

Place of Residence: There was no significant effect of living in a house, apartment or
dormitory on the sense of belonging.i§indicates that other factors, rather than the type of
place where individuals live, may affect their sense of belonging more.

Educational Status: Educational level is the only factor that shows a significant difference
in the sense of belongiragnong the demographic characteristics examined. Individuals at the
graduate level may have a lower sense of belonging compared to other levels of education. This
may suggest that academic and social pressures brought about by higher education levels may
negatively affect individuals' sense of belonging.

Grade Level and Monthly Income: Both grade level and monthly income level do not
have a significant effect on the sense of belonging.

In conclusion, it can be said that most demographic factors do not davergant effect
on this emotional process. However, it has been observed that some factors such as education
level can create differences in the sense of belonging. Such findings are important for
educational institutions, policy makers, and counsel®sa aense of belonging can have
significant effects on individuals' academic success, mental health, and overall quality of life.
Therefore, it may be necessary to develop supportive strategies and programs, especially for
individuals at higher education\els.
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An Insight into Deposition & Processingof High-Resistivity Large-Area
Amorphous Selenium Alloy Film Devices for Medical Imaging and High
Energy Detection Applications

Ci han ¥NER

Introduction

Amorphous seleniunfa-Se) alloys, as a material fdnigh resolution flat panet-ray
detectors, are in high demand foedical imaging applicationdRowlands & Kasap, 1997
Kasap, 2002Tanaka & Shimakawa, 201Erey et al., 201,2Gruner, 2012such as reaime
digital mammography and digital chest radiografkgsap et al., 200%Kasap et al., 2011)

This is because itam operate at extremely high biasing voltages without undergoing
breakdown, while simultaneously maintaining a very low level of dark leakage current due to
its highresistivecapabilities. Additionally, it is viable to scale up this technology for use in
large arealetectionapplications(Kabir & Imam, 2013 Walornyj & Kasap, 2013Mandal et

al., 2013Fogal & Kasap, 20L1&Kabir & Imam, 2014 Kabir & Hijazi, 2014 Kasap et al., 2015
Kabir, 2015)

Amorphous seleniumyhich is a material sensitive to impties in the parts per million
(ppm) range, cannot be utilized in radiation detection applications due to the fact that
commercially available selenium material with 5N (99.999%) purity is not suitable for this
purpose. During high electric fieldperation,the presence of impurities can lead to the
formation of detrimental native point defects. These defects canasctrapping or
recombination centers, reduciobarge carrier collection efficiencyhese point defects may
also result ircharge build up, sonpeding the uniformity of the electric response across the
detector(Song et al., 199%melianova et al., 2008enkhedir et al., 2006)n order to use
commercially available Se for radiation detection, it is necessary to perform a purification
proceduwe known as zone refining (ZR) to achieve improved material purities, typically ~7N
(Chowdhury 2019)

Unalloyeda-Seis susceptible to crystallization. To utilize this material for commercial
purposes in medical imaging and high energy detector apphsaiit is imperative to alloy it
with different materials to enhance its stability. An effective method for retarthiag
crystallization of aSe is to alloyinghe materiaivith arsenic (As) in the concentration range of
0.3% to 0.6%. By maintaining thrangeof arsenicquantity, the gype properties of-&e are
preserved and the crystallization process is prevented. However, as a drawback, this also leads
to a reduction in hole lifetime, resulting in a drop in the material's hole propéntiesier b
address this limitation,-&e is also combined with chlorine (Cl) in the pgms-million (ppm)
range(Mehta, 2013)

While developing high resolution detectors, it is essential to ensure that the dark current
levels remain low, typically about $8to 102 A, even when the detectors are subjected to
highbias conditions. The selection of the metal for the top contact &l/a&e/metal sandwich
structures is crucial in determining the outcome. Although it may be challenging to achieve
high Schottky barrier heights ontgpe semiconductors, the relatively high work functioa-of
Se(~5.9 eV) complicates the task of usingenéts wi t h | ow Gm values t

o
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Nevertheless, the complex physical properties®&and the uncertain mechanisms of metal/a
Se junctions provide significant challenges in managing the leakage current through the
exclusiveadjustment of ta barrier heighfPak, 2016)

Although the main interest for&e is in the areas of medical imaging, primarily in chest
radiography and mammographic systems, there are conducted research in pursuit to attract
attention to the material in neutron detectapplications. The concept primarily depends on
lithium and boron doping of-&e alloys to detect alpha particles that are proxy for thermal
neutrons. &e in this regard would offer compact, and lightweight detectors compared to the
mainstream counterpar{Oner et al., 2015a; Oner et al., 2015b; Pak, 200h6wdhury 2019).

Material Properties

The material choice for nuclear detector depends on how well the material can absorb the
incoming ionizing radiation. The process basically follows as the absorptithe ionizing
radiation, electrofihole pair generation due to the energy absorbed from the radiation, and
transportation of the generated charge carriers to the electrodes from where the nuclear
detection measurement systems collect and amplify treegpullhe amplified pulses whose
energy level corresponds to the incident radiation then shown in a pulse height spectrum with
a gaussian peak that shows the incident radiation interactions.

Hence, the choice of semiconductor material for nuclear detetioss have a large
energy bandgap that is higher than 1.5 eV. The reasoning is to tackle the thermal noise in room
temperature and elevated temperature applications where a larger bandgap corresponds to a
lower thermal noise. While having a large enougérgy bandgap is crucial, at the same time
a small enough electremole pair generation energy is needed for the energy deposited by the
incident radiation can generate as much as charge carriers possible. Another must have property
is the high resistivitypf the material to assure low leakage current levels that will provide low
noise as a result. The resistivity levels for the material of choice should be at fa6tch.

For the detector to have the ability to stop high energgyand gammaays, amaterial
with high density and high atomic number is also peripheral. High thermal conductivity is an
important material property which would allow operation at elevated temperatures in return.
The material of choice should also be resistant to damageossdss a good level of radiation
hardness for which a high atomic displacement energy is needed. Finally, a mobility lifetime
product higher than 10cn?/V is expected for low recombination, and high charge collection.

In this regard &5e offers very v thermal noise due to very high resistivity £19-cm.
a-Se alloys have an energy bandgap ~2.22 eV at JB@Kap et al., 2000)hich provides a
big electronhole pair energy for the detector to have low thermal noise at elevated temperature
operations wile still being able to generate sufficient charge carriers due to the incident
radiation. Alloying the &e improves the material energy bandgap from 1.74 eV levels to 2.22
eV at room temperature (300K). Even though the elediba pair creation energtlows for
sufficient charge carriers, it is far less from the ideal case as it is extremely high compared to
the bandgap energy (~50 eV). This results in poor charge transport properties in the material
s uc h emalsd x OFen?/V (Pak, 2016).

Amorphous selenium has an atomic number of Z = 34 and a density of 4.29 g&the
atomic number is not ideal, it has sufficientay stopping ability. Large area films from thin
to thick layers up to ~50ficron levels could be deposited with thermal evapon technique
under low growth temperatures (368 8 5 ) where the substrate t
70 (Pak, 2016) . I n overall t h-eostrdepbsitioav apor
capability. Low temperature growth capability eba giveshe material a huge advantage over
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crystalline semiconductors which usually requires higher temperature profiles for the
crystallizationhappen.

Amorphous structure of-8e offers high radiation tolerance that renders the material
suitable for thermaheutron detection applications. Other properties of the material such as low
effective atomic number, and high thermal neutron esession also supports this suitability.
®Li and 1%B doping on &Se are being demonstrated to improve the thermal neutpbarizay
capabilities of éSe. This doping favors the material with a larger thermal neutronsectisn
(940 barns, where 1 barn =¥&n? for ®Li nucleus, whereas 3840 barns &8 nucleus). The
probability of making small and lightweigltandheld detectors usingSe semiconductors
makes this material highly desirable compared te bidky gas and scintillatebbased neutron
detectorgMitchell, 1936)

Material Purification

Selenium materials that is commercially available are in the rahg®&l (99.99%)5N
(99.999%) purity. é5e is a semiconductor that is highly sensitive to material impurity. The
presence of impurities in the crystal reduces the charge transport properties of the
semiconductors especially if the semiconductor device rfrade the material is used under
high bias conditions. Under these conditions additional steps for the further purification of the
a-Se material is required in order to use it for radiation detection applications.

Zone refining (ZR) method is a technigbatis being utilized for semiconductor material
purification since 195006s. This technique ut
in liquid and solid phases at equilibrium. This is dependent to the larger solubility of impurities
in the liquid phase rather than the solid phase. When one side of the solid in ZR is melted and
this molten zone is passed through the other side by moving the heater, the impurities present
in the feed material is also passed through by this molten zone. Asabesg is repeated
multiple times, one side of the feed material ends up with clusters of impurities while leaving
the rest of the crystal with very high purity. The schematic of the ZR method can be seen in
Fig. 1 where a singteone horizontal furnace issed.

Heater
Ampoule

Process Chamber

Precursor Material

- -

Travel Zone

Fig. 1. The schematic of a generic zone refining setup

The preparation of the ampoule that is used for the ZR system is also an important step
to keep further contamination of the precursor materials. This involves a series of procedure
sequentidl cleaning of the ampoule to remove any possible contaminants before the refining
process. The consequent step is vacuuming and sealing of the ampoule. The temperature of the
heater should be above the mel ti ngge poofi n25 5 f
to 310 . To reach the 7N purity |l evel s, a
movement of ~b cm/hr and multiple passes which corresponds to a total-86 3fays is
required (Oner, 2015b). After the ZR process, a yield of 80%are with ~7N purity can be
obtained where the impurities end up being segregated at one side while extremely high purity
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precursor material on the other side of the ampoule. Fig. 2. shows an example of zone refined
Se ingots with ~7N purity after the mufiass ZR process.

“ e,

Alloying of a-Se

The reason behind choosing amorphous selenium over crystallized selenium for imaging
and detection applications lies in the low resistive nature of crystallized seleniaim lehds
to high leakage current in the material. This leads to undesirable background noise in the pulse
height spectra. On the other hand, unalloy&®dnas crystallization proneness. For this specific
reason alloying €5e is a must to stabilize the reaal. A very effective way of retarding the
crystallization of aSe is to alloy the semiconductor with arsenic (As) which also improve the
electron mobility lifetime product. One side effect of alloying with As is that the process
reduces the hole mobijitlifetime product of the material. To balance the negative effects,
further alloying with Chlorine (Cl) is necessary in pgrgs-million (ppm) ranges. As a result,
Cl alloying compensates the hampering hole mobility lifetime product reduction dueito As,
return Cl reduces that of electrons. As a result, a golden ratio of ~0.5% As and ~5 ppm CI
addition is found to improve and optimize the physical and optoelectronic properties of the a
Se alloys Chowdhury 2019). Fig. 3. shows a generic schematic ci-&e alloying reactor.

Argon= 0 !" o = Argon

Impeller

Thermocouple

eating
Mantle

Shotter Heater

-
.[ Shotter | Shotter Plate

Shotting Plate Movement
{Temperature
Controlled)

Fig. 3. Schematic of a generic$e alloying reacto(Chowdhury, Oner & Mandal, 2017)

The alloying reactor needs to operate in an inert argon environment to prevent any kind
of contaminations and reactions during the high temperature alloying procedure. The synthesis

ofSeAs master alloy involves a -@hedsteralloermelp er at u
temperature is ~350 . To synthesize the fir
the all oy reactor whose temperature generall
rotating impeller ensures the homogeneity of thgemiimaterial during the heating periods.
After the heating period is complete, t he me
while the shutter usually kept ~5 hi gher
plate temperature ot6 . ringhis procedure when the melt reaches the shutting plate, the
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rapid decrease of the temperature results in quenching of the melt and as a result an amorphous
phase is formed (Mehta, 2013; Pak, 2016). Fig. 4. Shows an exampfedirg pellets with
As, and Cl doping.

Fig. 4. A-Se alloy pellet¢Oner et al., 2015a)

FurtherSLi and 1°B doping can be added orSa alloys using the same alloying reactor
process to further render the material for thermal neutron detection. With the high thermal
neutron cature cross section of theSe alloy as a result 8B doping, thermal neutrons can
be captured by th&B nucleus. As a result, thermal neutrons undergo a reaction where the
reaction produce4d.iand*He (U) with a combined emitted en
energy is then partially deposited into the crystal lattice and creates elboteopairs. A
similar reaction is observed when thermal neutrons are capturedthymieleus 3Hs (tritium)
andHe (U) is produced as a result of this re:¢
MeV (Pak, 2016; Chowdhury, 2019).

Film Deposition

Thermal Evaporation technique has always been theogmethod for &e
photoconductive layer deposition. Thésa weltstudied technique for coating thin layers under
vacuum conditions. In this technique the material inside the heated boats is evaporated under
vacuum environment. After the opening of the shutter, the evaporated material reaches and
condenses orhé cold substrates. In order to avoid the oxidation of the grown films, high
vacuum to the levels ~TOtorr is necessary inside the deposition chamber. The typical
deposition rates of thermal evaporation method are roughly are6nd ©m/ mi n ( Kas ap
2009).

Anot her procedure is increasing the deposi
any residual gasses or moisture in the chamber environment after the evacuation. The deposition
temperatures of the chamber to grow amorphous selenium structurei n bet ween 60
( Pak, 2016) . The | ow glass transition temper
selenium possess makes the grown film prone to crystallization. This results in the requirement
of precise substrate temperature contrairdudeposition. A generic schematic of Thermal
Evaporation System can be seen in Fig. 5.
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Fig. 5. Schematic of a generic Thermal Evaporation System

The system consists of a planetary rotation system that is used for as a substrate holder
with rotationcapabilities, multiple boats to give system the ability to melt different materials
one at a time in case of multiple thin layer growth. In this case only one boat is needed to grown
the films. Also, a quartz crystal thickness monitor to keep an eye audha film thickness.

The working principle of this monitor is either monitoring the thickness or the change in mass
of the adhering layers to the surface of a quartz crystal. As last a shutter that is present in the
system which ensures the precise aarif the deposition by blocking the evaporated material
before all the intended conditions meet throughout the system.

The choice of substrate for thermally evaporat&ealeposition is usually ITO (indium
tin oxide) coated glass substrate or oxidiziedrenum (Al) substrates. The coated ITO layer in
the former substrate acts as the back contact as the sides of the substrate is covered during the
growth. This way the-&e film would not be coated on the sides of the glass, which would be
used as the sidmack contact. The latter acts as-dkp layer which blocks the injection of
electrons from the negative biased electrode, basically acting as an electron blocking layer. As
a result, reduce the leakage current. As in the former substrate the frooft thidesubstrate is
conducting Al where only the back side is AI203 which ensures the use of the sides of the
substrate as the side/back contact.

Even though Thermal evaporation is the mostly used deposition techniqu&éddiilan
deposition, there aretler methods being employed to deposit the material. One of the
techniques is called cathode sputtering where a selenium target is used for the deposition.
Vacuum levels of ~1D torr is at least required for this method. Following the vacuum
procedure, amert gas as argon is introduced to the chamber. The argon plasma is used to
bombard the target layer and as a result amorphous selenium starts forming layer by layer on
the substrate (Tan, 2006).

Another method used to deposit amorphous selenium filrisemiical bath deposition
technique. This is a simple technique that can be used to deposit large area films at low cost
which does not require high growth temperatures. Chemical bath deposition method uses the
process of substrates that are immersedendilute solutions which contains the ions of the
growth material. As alternative methods are seen to be utilized, commercially avaifédble a
films for various applications are mostly deposited via thermal evaporation syggrs et
al., 2002)
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The ebeam evaporation (eBE) technique is another alternative method to thermal
evaporation where this method offers a more controllable process as a result of the controlled
substrate temperature in this method. In thermal evaporation precise control of chamber
temperature and boat temperature is imperative as an event of substrate temperature rise due to
source temperature, theSg would result in crystallization fairly easily. On the other hand, the
eBE technique only heats up the source material during fesiien process which ensures
precise control over the substrate and the grown(flom et al., 2016)

Device Fabrication

The final step in the making of anSe based detector is the contact deposition. e a
films have ptype properties with a higlork function (i mof ~5.9 eV. As a result, obtaining
high Schottky barrier heights to be able to maintain low dark current under high biasing
conditions might become a big issue. On top of this issuBe dave unpredictable
metal/semiconductor junctianechanisms which results in hardship of controlling the leakage
current levels by engineering the barrier height by itself.

Table. 1. Work Functions of suitable metals foiS® contact formation

Metal Symbol dm ( eV)]| Metal Symbol im (eV)
Gold Au 5.10 eV Aluminum Al 4.28 eV
Silver Ag 4.26 eV Molybdenum Mo 4.37 eV
Nickel Ni 5.15 eV Chromium Cr 4.50 eV
Indium In 412 eV Tin Sn 4.42 eV
Tungsten W 4.55 eV Zinc Zn 4.33 eV
Palladium Pd 5.12 eV Copper Cu 4.65 eV

Even though gold (Au) with a worfikinction of 5.1 eV which would result in a relatively
lower barrier height compared to metals with lower work functions as can be seen from Table.
1. above, in general Au supplies one of the best diode characteristics with high rectification
with ~nA leakae levels up to 1000 V levels of reverse bias conditions-foe devices (Pak,
2016). Fig. 6. shows a schematic efa alloy detector with planar contact formationray
imaging applications on the other hand prefer array formation which offer hightresand
high sensitivity in return.

Back/Side Contact Front Contact

’7 ITO coated glass/Oxidized Al

Fig. 6. A planar aSe alloy detector

Applications

Stabilized aSe alloys have served the mankind for over 20 years as a photoconductor
material for photocopy machines, a process known as xerography, until the organic
photoconductors replaced the material with their-tmst advantage. More importanthSa
alloy films are being used as photoreceptors-myimaging that is called xeroradiography.
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Modern xray imaging systems combine amorphous silicon thin film transistor based- active
matrix arrays (AMAs) with ase technology which changed the flow ofomdiography into

flat panel xray imaging. Imaging systems based eé8eamaterials is especially highly used in
mammography and chest radiolo@rddy, 1996 Kasap et al., 2009; Kasap et al., 20d@iang

& Abbaszadeh, 2030

Apart from commercial imagingnd medical imaging,-8e shows real promise as a high
energy radiation detector material. The technology may be preferred for thermal neutron
detection, nuclear waste management, and homeland security applications as well due to its
favorable material mperties.

Conclusion

Amorphous selenium has many advantages over most of the materials preferred in various
ionizing radiation detection devices such as very high resistivityYL.@&m, atomic number Z
(34) which is high enough to stoprays, high thermal neutron cross sections withOBand L#
6 doping, low temperature growth with possibility of large area detector films wititdstv
On the other hand, the material shows sorsadyantages over its opponents namely, radiation
damage at high gamma dosses, low mobility, high eledtoba pair creation energy. Most of
the disadvantage could be tackled by engineering some modifications which renders the
material as a very high poteal detector candidate.

Amorphous seleniunpossessethe ability to operate at high biasing voltages without
succumbing to breakdown, while maintaining minimal dark leakage current, making them
indispensable in medical imaging, especially in mammograplaychest radiology. Material
purification, accomplished through the meticulous zone refining (ZR) process, elevates the
purity of commercially available selenium materials to levels suitable for radiation detection.
Alloying a-Se with arsenic and chlorirferther enhances its stability and properties, ensuring
it to retain amorphous structure.

In film deposition, thermal evaporation stands as thd¢ogmethod, offering precise
control and low crystallization susceptibility. Nevertheless, alternative digposethods,
such as cathode sputtering and chemical bath deposiimgme evaporation techniques show
promise. The choice of contact metals, notably gold (Au), plays a pivotal role in achieving low
leakage current and desirable diode characteristig@Se devices. As a resultSe alloys have
not only revolutionized xay imaging but also hold promise in fields like thermal neutron
detection, nuclear waste management, and homeland security, thanks to their exceptional
material properties.
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Correlation of Albedo, EVI, NDVI, NDSI and NDBI as indicators of surface
urban heat island effect in MODIS imagery

Duygu ARIKAN ?
Ferruh YILDIZ 2

1.Introduction

One of the most important environmental problems optiesent time is climate change.
The increase in greenhouse gases in the atmosphere and the excessive use of natural resources

|l ead to gl obal temperature rise, ri sing sea
& Marangoz, 2019). Efforts to undstand the climate system and identify influencing factors

are rapidly continuing in order to address t
2022).

In this context, surface temperature and urban heat islands constitute a significant focus
of climate change research (Akdeniz, 2023). Urban areas house a large portion of the world's
population and are rapidly expanding. The development of cities significantly influences local
climate, often explained by the phenomenon known as urban heat i§ldhdsr a k & Ayyél
2022).

Urban heat islands allude to the idea that cities have hotter temperatures than their rural
nei ghbor s. (El habodi et al ., 2023; Ok e, 198
temperature increase are complex and result #@wmbination of factors. The warming effect
of concrete and asphalt surfaces, reduced surface reflectivity of buildings, leads to heat gains
(Akdeni z, 2023, Y¢gcer, 2023) . Factors such a
in the formatiorof urban heat islands (Elhabodi et al., 2023).

There are many factors that cause Land Surface Temperature (LST) to change both
spatially and temporally. This is because land surface comprises vegetation, impervious
surfaces, water, and sabmposition. Various studies have been conducted using MODIS and
Landsat satellite images to determine LST. Researchers have specifically looked at the
correlation or relationship between LST and several vegetation indicators. For example, Rasul,
Balzter,and Smith (2017) established a strong negative linear correlation with the NDVI index,
while Singh, Verma, Chaudhuri, Singh, and Rai (2023) and Schwarz, Schlink, Franck, and
GroCmann (2012) found relationships vehith ND
Different studies in different regions and times have reported varying results regarding the
relationship between LST and NDVI.

Accurately monitoring and analyzing environmental variables and land surface
characteristics is of great importance toieas scientific and applied disciplines, including
geography, environmental science, agriculture, forestry management, climate science, and
urban planning. In this context, the indices and indicators developed for measuring and
monitoring land surface checteristics and variables provide critical information to researchers
and decisiormakers. Land surface temperature is important for understanding a region's

11 OAhOgO0i A ' EOAOI EOEh - tERVAEOAEEEBA- BEOGAOOEOEADOEROE &AEI( 1 OAOI
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microclimate and assessing the impacts of climate change. LST measurements are obtained
through tkermal remote sensing technologies and meteorological stations.

This study examines the relationship between LST and Albedo, EVI, NDVI, NDBI, and
NDSI (Normalized Difference Soil Index). MODIS satellite images were downloaded using the
Google Earth Enginelgtform. Provinces from two different regions of Turkey were selected
for the study: Karab¢gk, with the highest for
lowest forested area. Data from the years 2013 and 2023 were used to understandutemperat
differences on the Earth's surface, while data from the year 2023 were used to interpret the
relationship between Albedo, EVI, NDVI, NDBI, and NDSI. These indices play a significant
role in identifying different features and environmental variablesgbiag of this investigation
is to focus on monitoring and analyzing natural and humduaced processes in both regions
through various land surface indices.

The continuation of the article will discuss information related to the selected cities of
Kar abgdk |1 jder for the application, the fund:
study, how they are calculated, what type of information they provide, and how data are
obtained using which satellite systems.

2MATERIAL -METHOD

2.1Study Area

The studyarea includes two different regions located in different parts of Turkey:

Karab¢k and 1 jJdér provinces. Karabe¢gk 1 s sit
|l Jdér is |l ocated in the Eastern Anat othei a Reg
hi ghest forested area among the provinces of
small er than Karab¢k with an area that i1 s 0.

the least forested area. The selection of these proviacéise study was primarily based on
the number of forested areas in these regions.
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Figure 1. Study Area
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2.2.The data used in the study

In this study, data from MODIS satellite imagery have been used. Table 1 contains
informationfor each data point retrieved from the Google Earth Engine (GEE) library. MODIS,
a remote sensing device developed by NASA and the United States Geological Survey (USGS),
is used to examine the temperature distribution and variations on the Earth's isuidaestrial
regions. The product used in this study, MODIS/006/MYD11A2, is a part of MODIS' Land
Surface Temperature (LST) product. This product scans an area of 1200 x 1200 kilometers
approximately every 8 days, using data acquired by the Terra gond Aatellites. The
mentioned &ay period is expressed as the average value for each pixel (Xu et al., 2022).

Tablel. Information about the data used in the research.

Data Spatial Temporal Data ID in GEE Selected Band
Resolution Resolution

LST 1 km 8 days MODIS/006/MYD11A2 LST_Day_lkm

Albedo 500 m 1 day MODIS/006/MCD43A3 Albedo_BSA Bandl

NDVI 500 m 16 days MODIS/006/MYD13A1 NDVI

EVI 500 m 16 days MODIS/006/MYD13A1 EVI

NDBI 500 m 1 day MODIS/006/MCD43A3 Nadir_Reflectanece_Band2,
Nadir_Reflectanece_Band6

NDSI 500 m 1 day MODIS/006/MCD43A3 Nadir_Reflectanece_Band1l,

Nadir_Reflectanece_Band4

DVI and EVI vegetation indices from the MYD13A1 V6 product were utilized. These
goods are produced using surfaceaefnce that has been adjusted for the atmosphere. With
the use of GEE, the selection of the relevant band automates this process. Alternatively, NDVI
and EVI can be calculated using satellite bands separately. Formulas for indices developed by
Rouse Jr, ldas, Deering, Schell, and Harlan (1974) and H. Q. Liu and Huete (1995) to reflect
the spectral signature of vegetation are provided in Equation 1 and Equation 2.

NDVI and EVI are two distinct vegetation indices used to monitor plant health and
determine vegetation density. Both indices fall within the rangé tf +1.

00w

(Equation 1)

O w00 (Equation 2)

The variables NIR, representimgflectance in the neamfrared portion (841876 nm),
RED, representing reflectance in the red portion {620 nm), and BLUE, representing
reflectance in the blue portion (4589 nm) are present in the equations. The scale factor G,
correction constar€1 for red reflectance, and correction constant C2 for blue reflectance are
denoted in the equations. Typically, in studies, values of 2.5 for G, 6 for C1, and 7.5 for C2 are
used. The value of L is used to enhance observation and is generally set to 1.

Albedo, NDBI, and NDSI indices were calculated from the MCD43A3 V6 product, and
corresponding maps were generated. Albedo represents the distribution of solar radiation
between the surface and the atmosphere (Sarafanov, Kazakov, Nikitin, & Kalyuzhnaya, 2020;
Y¢icer 2023) . Al bedo takes values between O
characteristics. |t i s di mensionl ess (Y¢gcer
Albedo_BSA Bandl, while NDBI and NDSI are calculated using Equations 3 and 4,
respetively. The NDBI index is employed for mapping urban or buptareas using satellite
imagery (Ali, Hasim, & Abidin, 2019; Zha, Gao, & Ni, 2003). Both NDBI and NDSI indices

90



range betweerl and +1. NDSI is utilized to analyze the spectral reflectanceeo$ail (Liu,

Meng, Zhang, & Wu, 2022).
006 0O—

0 0OYO—

3.RESULTS

(Equation 3)

(Equation 4)

In this study, changes in land surface temperature were monitored, and the factors
contributing to these change&re examined. To achieve this goal, two distinct study areas in

di fferent regions of Turkey (Karabg¢gk and |7 d
Karab¢k and I'jdéer regions in the years 2013
IT’:‘O'E 33'0.'01 32’:(:'0': :a'nl'O'E

£ £
Figure2. 2013 and 2023 LST maps of Kar
As depicted in Figure 2 and Figure 3, It has been determined that the highest temperature
in the study area is 28.25AC for Karabg¢k ar
temperaturein@1 3 i s approximately 8.92AC, while it
13.5AC in 2023.
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Figure3. 2013 and 2023 LST maps
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When examining the maps for Karabg¢gk in th
tempera ur e in 2013 was approximately 0.49AC, wh
18. 5AC. 1t can be noted that in a significan
is relatively high.

The relationship between LST, NDVI, EVI, NDBI, NDSind Albedo in the year 2023
was investigated. NDVI, EVI, and Albedo maps were directly obtained from satellite imagery,
while NDBI and NDSI maps were produced using Equations a and b. The NDVI, EVI, NDBI,
NDSI , and Al bedo maps egierare shawnendrigireod; and rhaps Ka r .
produced for the I1jdeéer region using the sam
correlation analysis was used to look into how the indexes and LST related to one another. A
total of 1000 random points wedsstributed homogeneously across both study areas, and the
analysis process was conducted from these points.

When examining the maps for Karabg¢gk in th
range from-0.1038 to 0.6559, NDSI values range frelrb977 b 0.4762, NDVI values range
from -0.2090 to 0.8856, and NDBI values range frdnh8231 to 0.4528. It was found that the
albedo values are higher in areas with sparse vegetation and bare soil cover. It can be stated that
there is a positive relationship leten albedo and LST. Similar results are observed in the
NDBI map, as there is an increase in LST in areas covered by soil. This is also applicable to the
NDBI map, as higher temperatures are observed in areas with buildings.
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When examining the maps for | jdér in the vy
from -0.3080 to 0.5014, NDSI values range fredm688 to 0.4467, NDVI values rangem
-0.3450 to 0.6918, and NDBI values range fr@®475 to 0.5851. It has been determined that
in a significant portion of both regions, NDVI and EVI values are below 0.

Il n I jdér, vegetation cover is observed at
Figure 5b and Figure 5d, as areas in red in the EVI and NDVI maps indicate low or unhealthy
vegetation cover. While there is a negative relationship between NDVI andiBVéalbedo,

93



there is a positive relationship between NDBI and NDSI. It is observed that NDBI and NDSI
maps yield nearly similar results.
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Figure 5. 2023 Albedo (a), EVI (b), NDSI (c), NDVI (d), and NDBI (e) maps of Igdir

Based orthe findings obtained from Figure 4 and Figure 5, when comparing the NDVI
and EVI maps with the LST map, it is observed that they exhibit a negative correlation. In other
words, areas where NDVI and EVI values are negative tend to have higher land surface
temperatures, and the opposite is also observed. Additionally, it has been determined that in
areas where Albedo, NDBI, and NDSI values are high, LST is also high.
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The carelation analysis results among LST and the other indices (Albedo, EVI, NDSI,

NDVI, NDBI) are shown in Figure 6. In Figure 6, a, b, c, d, e represents the values for the
Karabg¢gk province, while f, g, h, ults,obtagined/ i s u al
from the maps are confirmed by correlation coefficients. LST exhibits a negative correlation

wi th NDVI and EVI, while it has a positive
there is a positive relationship between LST and Albedogwhif or | J dér, a negat
is observed. This is primarily attributed to factors such as radiation type, temperature, and
precipitation, influenced by seasonal effects in the region. The dominance of higher
temperatures i n | Khdasgresultedonthe aegative retatonsiim r a b ¢

4 DISCUSSION and CONCLUSIONS

The primary indication of the urban heat island phenomenon is LST, a reflection of
surface temperatures. In this study, two different regions with distinct geograpba#bns,
land areas, and forest coverage were selected. Firstly, the temporal changes in land surface
temperature were addressed. Secondly, the impact of environmental factors and climate
variations on land surface temperature was investigated for ries regions. To achieve this,
various indices such as Albedo, EVI, NDVI, NDBI, and NDSI for the year 2023 were
downloaded.

The primary feedback in this study revealed that land surface temperature increases over
time and is higher in areas with a high binfgl density and limited green spaces in urban
centers. According to Y¢gcer (2023), who este
albedo and a negative correlation between albedo and NDVI, dry vegetation and bare soil often
have higher albedo thamologically active vegetation. Similarly, it was observed that in areas
with low vegetation indices and high levels of urbanization and industrialization, land surface
temperatures are high. These relationships are explanatory in terms of the impaetaiforeg
cover on LST in urban areas.

A strong relationship between LST and NDBI was identified. In areas with buildings,
asphalt, and pavement, high NDBI and LST ratios were observed, while in areas with green
vegetation, temperature and NDBI indices werger. Dimoudi et al. (2014) obtained similar
results in their study, noting that surface temperatures in urban centers are generally higher than
in other areas due to traditional materials (buildings, asphalt, and pavement stones), reaching
approximatel50-5 6 A C .

Different results were obtained for the Albedo map in the two regions. While a positive
correlation was found between LST and Al bedc
was found for | ] dastillo, and ditkavd (BORGtateld in their stBdy that o
seasonal variations, radiation type, temperature, and precipitation affect albedo values.
Therefore, proposed solutions in LST studies may vary from region to region due to these
factors influenced by the unique geographicakatiristics of each region.

In conclusion, the increase in land surface temperature is attributed to factors such as
concrete, asphalt, higtse buildings, increased vehicle numbers, and industrial activities. This
leads to a decrease in green areagigscresulting in the loss of shade and cooling vegetation.

All of these factors contribute to the increase in land surface temperature, exacerbating the
effects of climate change and global warming.

To mitigate the effects of LST, collaboration amongliwduals, communities, and
governments is essential. In this regard, activities such as environmental education, energy
efficiency incentives, and the development of environmental protection policies are
recommended. For example, increasing the numbé&ee$ and creating parks in urban and
suburban areas can help increase the amount of green space. Reflective materials or vegetation
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can be used on building rooftops to reflect sunlight. Practices such as recycling and waste
reduction can be adopted to uee energy consumption, and solar panels can be installed and
encouraged in homes and businesses. Infrastructure design can incorporate materials that
reduce land surface temperatures.
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Some Convergence Resultsf | t er at € o n 1S Asymptotically o r
Nonexpansiveness

Esra YOLAC¢CAN

Introduction and Preliminaries

Let— 1 be asubset of a Banach spadeA digraphis a pair’fO @ "O FO "O , here
w 'O is the set of vertices of graph ai@ "O is the set of its edges whiemcapsuls all the
loops, i.e. Ay ¥ 'O "O for! A~ @ "O8SupposingOhas no parallel edges. fifandr be
vertices of Q then a path @ "Ofrom 1} throughr] of length( is 1 of 0 pvertices such
thati  n,n fHand n MM ~ O O forQ pfE A’ . A digraph™Ois calledto be
transitive if, for any)iiaN ¢ "O such that AQH G 8 'O "O, we have fjit ¥ 'O "O.

The map®@-© —is calledto be

f "O nonexpansivé it provides (i) Hix ¥ OO+ "QIFQAN 'O "O (‘Moreserves edges
of"Q, (i) NN 00+ A£Qn Q& A oE(Alfuraidan&Khamsi, 2015

1 "O continuousf for any givent~ ®ht P @t  tand t At~ OO imply
"G © "QfJachymski2008;

1 i Q& Qoé dfffdso® P — with M0 "B AC 1t asé& O H, there exists a
subsequencen of w suchthato © ,.N —(Shahzad&AIDubiban, 2005

. 'O asymptoticallynonexpansivé it provides (i) Qpreserves edges @ (ii) there exists
a sequenceéoo O phtb ko © P as ¢ © Kb such that£Qn "QoE %A OF,
whenever fjfr ¥ 'O "O for anynh™ —andé  p (Sangaga et al., 2019.

Fixed point (briefFP) iterative procesir 'O nonexpansiveess maps Banach spaces with

a graph(brief, BSWG including Ishikawa,”Y iteration, explicit iteration]Y0 iteration
schenes have been intensively investigatdny various researchergTripak, 2016,
(Suparatulator& et al., 2018, (Hund& et al.,2017), Gridara& et al., 2018). The authors
established the class d® asymptotically nonexpansiveness maps, who verified some
convergence results BSWG(Sangag& et al., 2018.

The mapping(@-© —is called to yieldCondition (A)if there is a nondecreasing function
"@ritb © b with "Q6 1 for | O8N mhb , "Qm 1 such that &b "Qds

"Q'QaiOQ . Two mappingsCHQg-© — are called to yieldCondition (B)if there is a
nondecreasing functio@,mH © miHb with " Qo mifor! 68 mhHb ,"Qm  Ttsuch that
GO Qo QE  QQiOQ® , where '0Q® O0Q. 'O0Q . The
mappmngh(th; © —arecalled to yieldCondition(C) if there is a nondecreasmg function
"Qritb © mhb with Qo mfor! 68 mhtb ,"Qm  Trsuch thatt @ c&d Qo
EEy QE QQ aiOQO , whereOQ® OQ. '0Q. '0Q.

Letr) ¥ @ "0 andw "O p 3. We callthat(j) 3 is dominated by if n ) ~ OO for! AN
3, (ii) 3 dominates) if for eachn ™ 3, 1 ) N ‘OO (Suparatulator& et al., 2018.
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Let— NP P®® & beamap. Thenis called to @ ‘QQ & "Q catni NGXPL4] if,
for any @ P —such that® yx 7"V —, "@ © A7 and whw N OO imply &’
N8

Let— P P®O  OHO "O be digraph such that 'O —. Here—is called to own
Property Pif for each | P —such thaty x AN —, n iy N 00, there is a
subsequenca) of | suchthatry iy » ‘O"O for} av O (Alfuraidan,2015)

Remark 1. If "Ois transitive, therProperty Pis equivalenceo thefeature
T If n P—with 1M N 'O "0 such that for any subsequenag of 0
converging weakly t@ in ¢, then 1 iy ¥ ‘OO for! ¢ v () (Sridara& et al, 2018).

The authorgonsidered the following modified Ishikawa process, for arbitary —h
o PO OQUp dw W R ph
where & , ® O mip (Agarwal& et al, 2007).
The authorsntroduced the following iteratioscheme, for arbitrargp N —h
(b, p © @ (I)"(é(vﬁ

where ® , ® ho O rip (Abbas&Nazir, 2014).
The authors studied an iteratipeocessfor arbitrarycw N —h
W p O W ~(Zb“fa;oﬁ
W p wa w@h
o P W Wk ph
where & , @ h& O mip (Thakur& et a) 2014).

Motivated by above studies, in thagiting we consider an iterative proceddoe providing a
common fixed point of thre® asymptotically nonexpansive maps as follows:

For arbitraryt N —h & defined by

@ P @ Qe OQw PP

G p da GREh

Q P ww wQwé ph
where® , ® ho O mip .
Lemma 1.Let t , ¥ h' be sequences of nonnegative real numisersplying the
inequality

t p 't TR p

if B ¥ HandB Ho, then

(i) 1_Ef exists;
(i) Notedly, if T holda subsequencd © T, then‘lO Ef  m(Tan&Xu,1993).

~

Lemma 2. Lgtd)b(—_:- a uniformly convex Banach spa&ipposing p,p @ 0 O
M. Let Q h'Q P & be such thati Qa .60 Q&E @, 0 Qai.60 QL ©, £p
0 Q 0QAC & Tmas¢ © Ho. ThenAQ QA masé © Hb(Sahu, 1991).
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Lemma 3. Let 'Qbe a"0O asymptotically nonexpansiwess map n — with asymptotic
coefficient%o such thatB % p  Hb. Assume that has the Property P, th&n "Qf
‘O demiclosed att (Sangag® et al., 2018.

Lemma 4.Let @ be a bounded sequence in reflexive Banacah spalifor any weakly
convergent subsequena® of w , both ® and w converge weakly to the same
point in®, then & is weakly convergerniShahzad&AiDubiban, 200k

The gal of this writing is to furnista three step iterate procedureo approachof FP of the
‘O asymptotically nonexpansidess in BSWG and to demonstrate weak and strong
convergence results for the proposed maps.

Main Results
Note that- " O Qis a closed subset of Banach space wa’OHO "O "Osuch that
® O —, convexof OO and transitive of'Q The mapping&HHQE-© — are™O

asymptotically nonexpansiveess maps via% O phb satisfyingB %0 p b

for 'Q plgloh resp. Take%o @ %o 6o Mo  then clearlyB % p Hb.

Henceforward we will gethe sequence®o for "OROHQ and™OQ® "0Q O0Q
"0"Q n.Forw N —, let the sequencey identified by(1.1).

Proposition 1.Leti* ¥ "O'Q® be such thatwfi“ hi‘ho ¥ '0"O.Then i, i“fw ,
O Rabo , i, afi’, hd hof hi‘ky , oR° hoRko N 0O for
Legn (8
Proof.Let @Hh* N 0"0.We have Qwh* ~ O "0 in connection with edgpreserving of
"Q SinceO "0 is convex, we get

p ® wh* o wh® P O w OXh’

afi* v 008

We hold "Qa Fi* ~ 'O "O on the score oédgepreservingQ As a H* h"Qa fi* ~ 0O,
'O "0 is convex, we have

p o Gh” o MA’ P Oa XA’
wh* »0"08
By edgepreservingQand’Q, we own "Qw i * h™QwHh* ~ 'O "0, resp. Due to the convexity
of O "0, we obtain
p O Qwh* @ "H? PO Oxh’
wfi* v 008
Becauseof the "QHONQ are edge preserving we enjoyedge preservingof "QHQRQ .
Thereof, changingwh ® in lieu of wh*® and "QRQKRQ in lieu of "HOHQ in above
procedure, we get

ah*hohl? YO'Oand wh* ~ 008
Assume that @ Fi* ¥~ ‘OO for 68 ) 8By virtue of the factthat "ORCQHQ are edge

preserving we acquireedgepreservingof "QRQRQ , and thus"Qw A * ~ 'O "0, from the
convexity ofO "O, we have

p ® wh* & Qwh?’ )

® OQoA’
ah* ~0"08

102



We possess’Qa ii“ N ‘OO in view of edgepreservingQ8Since a i h™Qa H*
‘0 "0, 0 0O is convex, we get

p o af* @ Q&ah’ p 0 d WQahR’
GH* v 008
On account oedgepreservingQ and’Q, we own 'Qoh* h"QoHA* N 00, resp. As
'O "0 is convex, we obtain

PO QOH* @® Qoh® PO QR OQwh?’
@ h* ~0"08
Resuming the process fab h* N 'O "0, we conclude that
@ H*ho H* N0O'08
Hence, bymathematicainduction, we obtain that
oh*hohl*hahl? NOOforg N 8
Handling ananalogueassertionwe could indicate thaf “fiy hi“Ry , i*f ~ ‘0O for
¢ N Uhunder the supgsition that i “hoo N'O"0. Owing to transitivity of O, we have
ohr , dhw , o, ohw and whw N OOfore p.
Lemma 5. Let®and™Obe as above. Let 1 is a closed convex subseta@feal uniformly
convex Banach space Let"(hOh'Qd-© —are"O asymptoticallynonexpansivanappings
with %o VONpH:b providing B % p _ H. Assume thgt(b given by (1.1), here
W, ohw O,mp , forsome ¥ mp and wh*® hi*hw N 'O0"0 forw ¥ —and
i N "OQ®, then
(i) 1 EAb i’ &exists;
(i) I EAv Qo & mforQ pltiws

Proof. (i) Leti’ ~ "O'Q®. By Proposition 1, f" , i*f , @M ham , "M,
ah*, ohd hoho hi‘hd , ®h* woho areinO™Oforl ¢~ (8
From (1.1) andO asymptoticallynonexpansiveess ofQ we have
/R 'R p @A I'AE QOAQR (‘A P
P WA (A 0k ('K
P W % pAa (‘A
%o | A8
It follows from(1.1)&(2.1), 'O asymptoticallynonexpansiveness @ that we get
/) ITE p 0 om {TE QAQA ('E c]
%0/@ (“E %o (A8
Using(1.1)&(2.2), 'O asymptoticallynonexpansiveness @and Qhx AE A O A
A i‘£ p O AQw I'A OAQW ('K C®
%o AO i ‘&
P % p A (A8
By virtue ofrt | P a4 | p for alll pﬁtheN hypothesi$ % p M
implies that %. is bounded, thefo ¥ phy for somev and! ¢ p8Thus,% p
ov % p forle p8Hereat,B % p  HBDue to Lemma 1, we find out that
| EAb  i°&exists
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(i) From hypothesis (i) EAto i’ &exists Assume thal EAy i“& 08f0 mithe
conclusion is apparent. Suppase TBBY (2.1)&(2.2), we get

dQaiocoAp (A 0h c8
aQaiocoA (A 08 ¢®
Hence, 5
EQw (A %A (°4h
AQAa 1A %M (i°Ah
AQw  {'A %A (°Ah
EQw (A %) i(°4h
forl ¢ pimplies that
dQaiocdQw ‘A 0Oh CH
aQai.oMQa (‘& L8 ¢
adQaic6AQw (‘A 0Oh ()]
aQaic6AQw ii“A 08 &
On account of
0 1 EA i‘£ 1 BAp & Qo i* & Qw i’4
by Lemma 2, we have
| EAQw QoA T8 P T
Noting that
A i‘E Ep O Q OQw (i‘AE

AQr I'A OAQW Mok
AEQwn iI'A p , £Q0 QA
which yields that

0 O0"QaNEAQw (‘M P p
By (2.8)&(2.11), we obtain
io EAQo ‘& 0 <P ¢

Furthermore, from (2.10)&(2.12) and® asymptoticallynonexpansiveness @
AQun (‘A AQ0 MQwie AQ0 (‘A
EQ QWA %M (&

implies that

0 a'Qd AR (°AB ¢po
By (2.5)&(2.13), we get

| EAd (& 0 P T
Since

0 iOE/Iib i “A iOE/ﬁp ® a i o a i°m
By (2.4)&(2.7) and Lemma 2, we get
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I EAl Q4 & 18

(0]

Noting that

A TE AP © A Q4 (‘A
A iE WAQA a&
m i‘E p , AQa a=&

which yields that
O aQa AN (A

Using (2.4)&(2.16), we obtain
I Edi P& 0

Because of
0 1 Edr i'E I EdAp © o i° @ Qo

from Lemma 2, we get
I EAd QoA 18

(0]

On the other hand, by (2.18)
A O Ep ® O ©OQ0 ®A
WAQW WA
p , AQw WA
O m@ig © Hh
and, from (2.15)&(2.19), we have
A A Ep O G ~(B"Q¢( w A
A WA WAQA QA
A wAE p o, £QQ
O m@ig © Hh
Using (2.15)&(2.19), we obtain
A QuAa A WA AQAd
A A AQA QA %o A

a &

so that

A) QwAC Wi © K8
Also

A QuAaE A QA AQ QWA A£QW

A QA AQu QWA % A0
implies by (2.10)(2.20)&(2.21) that

A) QW AC MOiE O H3
It follows from (2.10)&(2.21) that we get
WAE Ap ©® Qo OQw w4A

AQn WA OAQW QoA

AQn wA p , AQw QoA

A
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O m®ie © HB
Then, ford  plgho

A QA AL WA A N o £ AQ QN wA
£Q w i
AW WA M QU W A % A w A

%o BQGD W A
by (2.18), (2.21), (2.22)&(2.23) gives that for pltiv
| By & T8 & T

Theorem 1.Let h-HiOand™Qfor & pltfw be as above. Suppose thatas the Property FQ
for & pltlo satisfy the Condition (C) @ defined by (1.1), whered , ® hw O
,fp , for some, ¥ mp and wh* hi*fw ¥ 00 for @ ¥ —, then @ ©O {*n
"0QO8

Proof. Leti*~ "O'Q® such that @A* , i“fo , @M haf , i'f , afi®,
who hohd hi*hw , Oh® @ho  are inO™O forl ¢ ¥ G8From Lemma 5 (i),
|, EAD i “ & exists and thusl EQ w HO'Q® exists for alli* N "0Q® . Again, by
Lemma 5 (i) | EAb Qb & mfor & phtlw. Using the Condition (C)there is a
nondecreasing functio®,mtHb © miHb with " Qo mtfor! o8 mhHb ,"Qm  Ttsuch that
G Gomy QoA "o TQE Q'Q affOQ® |, that is to say

‘|O E'QQ ci0OQ® ™ c& v

Hereby, we can receive a subsequence and & and sequenceé O O'Q® such that
(VI ¢ forli p8Because of the fact that strong convergence stand for weak
corvergence and by Remark 1, we hotd i ~ 'O"O. By the proof of [23], we have
W | @ | ¢ , and so& | A CC.We infer that| is a
Cauchy sequence 1'Q®hthus it converges. Let © | 8As"OQ® is closed, and thus ™
"O'Q® and ther © | . From Lemma5 ()@ © i° N "OQ®D8

In an analog way to Theorem 1, whénk min (1.1), we sbw convergence result of a
modfied “Y iterative proceduresashown below

Theorem 2.Let dh-FOand" R Q be as above. Suppose thdtas the Property PQhﬂsaUsfy
theCondition (B) @ defined by (1.1), whered , @ O ,fp , forsome N 1ip and
wh?* hi’ho N O Oforo N — then® © {*v'0Q. "0OQ8

In line with the Theorem 1, ifQ "Cand® @ k min (1.1), then obtain Mantype
convergence results foD asymptotically nonexpansive mappings wBISWG as noted
below.

Theorem 3 Let dh-HOand'Qbe as above. Suppose thdtas the Property PQsatisfy the
Condition (A) o defined by (1.1), where¢> O ,fp , for some, v mip and
wh? hi*flo N OOfor N — thenc © i*n 008

In the next theorem, wexpresghe strong convergence ab defined by (1.1under semi
compact.
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Theorem 4 Let dh-HOand Qfor &  plt fw be as above. Suppose thdtas the Property P, one
of "Qfor & ph;lms sem+compac¢ o defined by (1.1), whered , ® hao O ,fp
forsome, ¥ 1ip and wh® hi*flo ¥ OO fore N — thencw © {*N OQ@S

Proof. Leti“~ "O'Q® such that @ A* , i“fo , @M hafo , i'f , afi®,
whd hoho hihw , ®A® ohd  arein0 "0 forl &£ v 8By virtue of the fact that
one of Qfor &  plglo is semicompact,  is bounded and by (2.24), and then
M '@OQf 6 i QR 6N E L&A | O@B @ © i°8 ¢’ @
Owing to the fact that strong convergence state weak convergence and by Remark 1, we enjoy
@ H* v '0"0.We getthat’ v "O'Q®. Hereby,| EAty i &existsfrom Lemma 5 (j).
On the score of (2.26), the © i’ N "OQO.

Foro k Ttin (1.1), thenTheorem 4reduces to the followig convergence result of a modii
Y iterative proceduréor 'O asymptotically nonexpansivenessB8WG

Theorem 5 Let h-A0and Qfor & ¢ho be as above. Suppose thdtas the Property P, one
of "Qfor & chﬂs sem+compaci o defined by (1.1), whereey , @ O ,fp , for
some, N Tip and @h® hi*h YO Oforw N — then® © i*N"0Q. "0Q8

Similarly, taking’Q “Gando & k T1tin Theorem 4, then we attain Matype convergence
results for'O asymptotically nonexpansive mappings vB8WGas follows.

Theorem 6 Let dh-HOandQbe as above. Suppose thathas the Property PQis semt
compact w defined by (1.1), where® O ,fp , for some, ¥ 7ip and
wh?* hi‘ho N OOforoo N — then ©O i° NOQ8

In the subsequentresult, we testify the weak convergence of iteration (1.1) for

‘O asynptotically nonexpansivenesgth BSWGwi t hout as s u roonditpn of he Op

Theorem 7. Let dh-HOand™Qfor & pltiw be as above. Suppose thatas the Property,P

w defined by (1.1), where® , ® hwo O ,fp , for some, N mip and
wh* hi“f N OOforw N — thenw y O,V OQ@

Proof. Leti* N "OQ® such that ®@A* , i , o haho , i , g’ ,
ohd hoho hi‘hw , OhH® GOhd are inO™O forl €N 68 @ is boundedfrom
Lemma 5 (i).Because of that 1 is aclosed convex subset of a real uniformly convex
Banach space, it is weakly compact, and teuthere exists subsequence of @ such

thatw © 6.. We know thafor& pltlo 1 E e "o mthy (2.24). Using Lemma
3,0 "Qfor & pltlois"O demiclosed attso that, ¥ "O'Q®©8

Now, we show thato x 0.8Let w be a subsequence @b that converges weakly to
0. N 0. On the lines similar to above, we also haver "O'Q®aNext, for each)  phwe get

W P O Qw O Q w W W C& X
® Mo o ® Qw Mo 8
It follows from (2.10) and (2.21) that
LEMo Qo TOEQREM o o 1) 8]
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Dueto® N ,fp , forsome N Tip , we obtain
lEdD Qo "Q mn & w

vincelet, using (2.28) and (2.29), we deduce ¢that y 0.8ByLemma4,w y U. so that
0. O..

Puttingo k mtin (1.1), then Theorem 7 reduces to the follagvicorvergence result of a
modified"Y iterative proceduréor "O agymptotically nonexpansivenessBsWG

Theorem & Let oh-fi0and"Qfor & ¢fw be as above. Suppose thatas the Property, P&
defined by (1.1), where®w , ® hw O ,fp , for some , N mp and
@Oh* hi‘hw YOOforo N — thenw x 6."'0Q "0'Q8

In a similar manner, whei? “Gandcw & k min Theorem 7, then we gdflanntype
convergence results fdd asymptotically nonexpansiness irBSWGas follows.

Theorem 9 Let wh-ii0and"Qbe as above. Suppose thdtas the Property,Pe  defined by
(1.1), where® , w hw O ,flp , forsome N mip and wh”* hi‘hw N ‘OO for
@N—then® x 6.8 0Q. "'0Q8

Remark 2. If % k mtfor! € p, then the class 0D asymptotically nonexpansiveness
coincide with'O nonexpansivenesBecause of this reason, Theoreid Widenand enhance
theresults of Theorem-3 in Suparatulator& et al. and Theorem 3.13.15 inThakur& et al
((Suparatulator& et al., 2018, (Thakur& et al., 2014)).

Now, we consider the numericalstancewhich isinspired by Example 3.1 iRazani€Voradi
(Razani&Moradi, 2015.

Example 1 Letis the real line with the usual nos — it and'O @ "O RO O
suchthatw 'O —and afwo N OO iff & m &fw p& Tore @ Define"@t-© —for
a pltloas

cORd .
-h 1@
[0V va[ p h
0 T™®
¢OHRM,,
LAV Al ‘m 1-[8)
Qv v e
T o 1™
ORd ..
O pnvprbm ™
Th W T

for any @M —. It is easy to see thdfor & plglo are"O asymptotically nonexpansive
mappings Set
® ® © P AQtd p8
Let @ be the sequence defined by (1.1). Thereof,
©  P.oe P ook
o P _a P _"Qah
a pc(b pc"Qd)hl: ph
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and’0OQ® 1. As® T@®hwe know thatwy X& M@ T, ULV OX @ T,
W PETPET,® CRYXWPT ,® pPpPpLEWTT andw C& Yuuyp T
(see Figure 1). This example reveals that the algorithm is effimeagproacttommon fixed
points of O asymptotically nonexpansiness orBSWG

0.5 -E
sequence value \

[

0l T "|,

; |
5. K 7
iteration steps

0.0 }

rg

Figure 1. The values in the first seven stepswof in Example 1.
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Morphological and Microstructure Analysis of the Shells ofDreissena
polymorphg Unio pictorumand Viviparus contectus

FlizKUTLUYER KOCABAI
Me hmet KOCABA]

Introduction

As a biologically controlled process, biomineralization is complex and controls biological
activity (de Paula and Silveira, 2005). Living organisms are synthesized carbonaceous biominerals
in consequence dbiomineralization. In a biological matrix, shells are formed by process of
biomineralization in Molluscs via biodeposition of the ingredient minerals (Chakraborty et al.,
2020). The mantle controls biomineralization for shell formation through ion pumdpshannels
(Sakalauskaite et al., 2020). In Mollusc, shells are consisted of the calcium carbonate (CaCO3) in
different forms (crystal, calcite and aragonite) and organic components [chitin (C8H13NO5)n,
acidic polysaccharides and largely proteins] (Chiaéry et al., 2020; Yarra et al.,, 2021).
Additionally, vaterite as a polymorph of Ca€i® present in gastropod molluscs shell (Medakovic
et al., 2003; de Paula and Silveira, 2005).

In Molluscs, the soft tissues are protected by shells from abiotibiatid stress (Li et al.,
2017). A calcified leathery hinge is joined two symmetrical calcareous valves at their dorsal
margins in Bivalvia (Lakshmanna et al., 2018; Chakraborty et al., 2020). Gastropods have organic
or calcified plate on the dorsal suréaof the met podium of the foot (Lakshmanna et al., 2018).
Viviparus contectuss a Gastropod species and it has thin thick and concentrically lined dextral
shell. Their dimensions are varied-26 mm long. The univalve shells ¥t contectusre 6 7
whorled as risingspiral. Unio pictorumis freshwater mussel belonging to Bivalvia and it has
elongate elliptical and relatively thin shell. Their dimensions are varietD3076100 x 2328
(height) mm, exceptionally up to 140 mm long. The color of sheledayellow and greenish to
dark brown.Dreissena polymorphe an invasive freshwater mussel species and it has triagonal
or triangular shell with stripes. Their dimensions are varieeb@0mm long. Thus far,
microstructure and the mineralogy of shells hbeen poorly assessed at micrano scale. The
existing studies have been performed about physical and structural properties and, chemical
compositions in mussels and gastropods shells (Chateigner et al., 2000; Medakovic et al., 2003;
de Paula and Silveiy&005; Li et al., 2017; Lakshmanna et al., 2018; Chakraborty et al., 2020;
Parveen et al.,, 2020; Ravi et al.,, 2021; Yarra et al.,, 2021). To our best knowledge, the
microstructural details of shells have not yet to be assesde@dpalymorphaandV. contetus
Dauphin et al. (2017) have been investigated structure and compositiopioforumshell.

The synthesis of alternative materials has been increasingly interested in cement industry
(Ravi et al., 2021). Therefore, clarification of structuring of biomaterials is important for new
resource of construction materials and prospective use in ind(Rémnveen et al., 2020).
Moreover, the stratigraphic age of geological formations and phylogenetic evolution are assessed
by geologist in fossils (Chateigner et al., 2000). In addition, shell microstructures are realized for
precise description using scangielectron microscopy in Palaeontology (Taylor et al., 1973;
Carter, 1980; Carter and Clark, 1985; Hedegaard, 1990; Hedegaard, 1997; Chateigner et al., 2000).
According to the briefly mentioned reasons, the current study aimed to assess the elemental
analses on D. polymorpha, U. pictorum and V. contectus shells by Energy Dispersaye X

1 Assoc. Prof. DrMunzur University, Fisheries Faculty, 62000, Tunceli, Turkey.
2 Prof. Dr, Karadeniz Technical University Faculty of Forestry, Department of Wildlife Ecology and Management 61080,
Trabzon, Turkey.
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spectroscopy coupled to Scanning Electron Microscopy (&EM). XRD and FTIR analyses
were also applied for assessing the structure in shells of freshwater mDsgedyfiorphaand
U. pictorum) and freshwater snai\/( contectus

Material and Methods

Animals and Sample preparation

Freshwater musselB (polymorphaandU. pictorun) and freshwater snal/( contectuswere
obtained from Demir k?©° pyhydbng msummer @ugishidmeiflesta , T
of the mussels was removed. Shells were cleaned and washed under running water as previously
described by de Paula and Silveira (2005). After washing, shells were dried in air.

Scanning Electron Microscopy (SEM) Aalysis

Shells of freshwater snail and mussels were crushed to powder using a mortar and pestle. For
accessing the inner layers, shells were immersed in 0.1 N HCI for10 min, or 2% EDTA for 2 min
as previously described by Silvia et al. (2005). Samples ezgefully rinsed with ultrapure water
and dried in air. Gold and Palladium were covered samples after chemical treatment. Some
sections were observed without any further treatment. Hitachi SU3500 scanning electron
microscope were used for SEM observations

Energy-dispersive Xray Spectroscopy (EDS)

Energydispersive Xray spectroscopy (EDS, Oxford INCA-pay spectrometer) was used
with AZtec and INCA software (EDS). The prepared samples were-ogalttd for EDS
measurements. An acceleration voltage ferredntal distribution maps was 20 kV and count rates
were between 1,000 and 2,008 s

XRD (X-ray Diffraction) Analysis

XRD analysis was realized in powdered shells by a Rigaku miniflexéy diffractometer
(0.020 at scatterin® &awglOé®d ©OIdu s i-Kagaglimioom ofc hao
[1.5406 (&)] at 40 kV and 15 mA). To assess
9000226, 4001361, 9013801 Rigaku) peaks were used as a reference.

FTIR (Fourier transform infrared spectroscopy) Analysis

Infrared spectra (IR) were recorded by direct ATR transmission on powdered samples as
previously described by Silvia et al. (2005). The spectra were recorded by Bruker (Vector 22) in
the range 400Q100 wave numbers(¢d) , 4 cmi 1 res.olutions, 32 s
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Results

External views oD. polymorpha, U. pictorurandV. contectushells are presented in Figure

Figure 1. External views of shells, A) D. polymorpha. B) U. pictorum, and C) V. contectus.

SEM micrographs of crossectional view of shells and structural aspect of the organic matrix
of U. pictorum D. polymorpha andV. contectushells (SEM) after surface treatment by HCI
(surface decalcification) are given Figure 2, 3 and 4. In SEM migobgraf crossectional view
of U. pictorum aragonite sheets horizontally overlapped with one another to make continuous
superimposed sheets in the area indicated in FigurB.2ZFe thick inner nacreous layer and the
outer prismatic layer were indicatad vertical section. Nacreous layer was composed of CaCO3
crystals. Plate and needlike and polygonakhaped crystals were irregular size and shape in the
area indicated in Figure 2C. Figure-F3showed polygonal prisms surrounded by a thick organic
envebpe. The area indicated in Figure-R@orrespond to a cauliflower and flake like granules
region. Figure 3AC demonstrated concentric layers. Figure-RBBhowed presence of fibers.
Figure 4AF showed irregular grains at micrometric scale.

Energy Dispersig X-ray Spectroscopy (EDS) images indicating the distribution of some
elements on part of a shell cresection are given in Figure 5. O, C, Ca, Mg, Sc, Si, Al and Fe
were obtained from analysis. The elemental composition of mineralized layer was corifyrmed
the EDS spectra. The polymorphs of calcium carbonatB.ipolymorphaand V. contectus
demonstrated strong O peaks as well as C peaks with the incidence of Al and Si peaks while the
polymorphs of calcium carbonatelih pictorumexhibit strong C peakas well as Ca and O peaks
with the incidence of Si, Sc, Mg, Fe and Al peaks.
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Figure 2. SEM micrographs of crossectional view and structural aspect of the organic matrix of U. pictorum shells (SEB1)SEM micrographs
of crosssectional view of shells at different magnificationsl: @rganic matrix fibers forming parallel layers of different widths and densities
observed after surface treatment by HCI (surface decalcification
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Figure 3. Structural aspect of the organic matrix of D. polymorpha shells (SEM) at different magnificatiensrganic matrix fibers forming
parallel layers of different widths and densities observed after surface treatment by HCI (surface deaatjificati
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Figure 4. Structural aspect of the organic matrix of V. contectus shells (SEM) at different magnificatfansrga&nic matrix fibers forming parallel
layers of different widths and densities observed after surface treatment by HCI (surface decalcification).
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Figure 5. The SEMEDS of cross sectioned surface of shells A) U. pictorum, B) V. contectus
and C) D. polymorpha.

XRD patterns of shells of two freshwater muss8sgolymorpha, V. contectusdU.
pictorum) showed similarities in crystalline peaks with the exis¢éeswragonite forms of calcium
carbonate. The existence of orthorhombic aragonite phase in the XRD pattern was revealed
with the intense peaks at (111) and (012) planes (Figure 6).

Figure 7 shows the FTIR spectra of shBllppolymorpha, V. contectandU. pictorum
FTIR spectra analysis showed similar features in the shBll pblymorphaV. contectusnd
U. pictorum All three aragonite samples exhibited v1 and v2 bands at 1083 and 854 cm
respectively in their FTIR.
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Figure 6. XRD pattern of A) D.@ymorpha. B) V. contectus and C) U. pictorum,

Figure 5. The representative FTIR spectra of the prepared shells of A) D. polymorpha. B) V.

contectus and C) U. pictorum,
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