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Abstract

One of the main purposes of technology is to provide people with a quality life. Today, mobile systems and applications that can
run on smart devices make life easier for people with smart devices. The rapid development of technology has also brought
innovations in the field of health. Specifically, applications to improve the quality of life of individuals with mental and physi cal
illnesses or certain disabilities are becoming more and more widespread. Alzheimer's disease is a neurological disorder that causes
the death of brain cells over time, leading to memory loss, dementia, and a general decline in cognitive functions. The disease
causes a decline in thinking, memory, and behavioral functions. In this study, we present the design stages of a unique mobile
application called "Remind Me If | Forget ", which will help Alzheimer's patients to better adapt to life. Information about the
development process, main features, the purpose of the application, and its differences from some similar applications are described
in this article. Kotlin, a native programming language, was used in the project. Agile project management methodology was used
in project management. Since the rate of Android device users worldwide is 87%, application development in the Android operating
system was preferred. The application was developed in the Android Studio environment. The Mobile Application has been
developed to be integrated into smartwatches.

© 2024 DPU All rights reserved.
Keywords: Alzheimer's, mobile app, quality life, GPS, reminder.
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Alzheimer hastalar1 i¢in mobil uygulama (unutursam hatirlat)
Oz

Teknolojinin temel amaglarindan biri insanlara kaliteli bir yasam saglamaktir. Giiniimiizde akilli cihazlarda galisabilen mobil
sistemler ve uygulamalar akilli cihazlara sahip insanlarin hayatini kolaylastirmaktadir. Teknolojinin hizla gelismesi saglik alaninda
da yenilikler getirmistir. Ozellikle ruhsal ve bedensel rahatsizliklar1 veya belirli engelleri olan bireylerin yasam kalitesini artirmaya
yonelik uygulamalar giderek yayginlagmaktadir. Alzheimer hastaligi, zamanla beyin hiicrelerinin 6liimiine neden olan, hafiza
kaybina, bunamaya ve biligsel islevlerde genel bir diisiise yol acan ndrolojik bir hastaliktir. Hastalik diisiinme, hafiza ve davranissal
islevlerde diisiise neden olur. Bu c¢alismada Alzheimer hastalarinin hayata daha iyi uyum saglamalarina yardimci olacak
"Unutursam Bana Hatirlat" adli benzersiz bir mobil uygulamanin tasarim asamalarini sunuyoruz. Bu makalede gelistirme siireci,
temel 6zellikleri, uygulamanin amaci ve bazi benzer uygulamalardan farkliliklar: hakkinda bilgiler anlatilmaktadir. Projede yerel
bir programlama dili olan Kotlin kullanilmustir. Proje yonetiminde ¢evik proje yonetim metodolojisi kullamilmustir. Diinya
genelinde Android cihaz kullanict oram %87 oldugundan Android isletim sisteminde uygulama gelistirme tercih edildi. Uygulama
Android Studio ortaminda gelistirildi. Mobil Uygulama akill1 saatlere entegre edilebilecek sekilde gelistirildi.

© 2024 DPU All rights reserved

Anahtar Kelimeler: Alzheimer's, mobil uygulama, kaliteli yasam, GPS, hatirlatic1.

* Corresponding author
E-mail address: aybukesnl7 @gmail.com

1. Introduction

Today, one of the most important developments in the field of technology is the production, use, and dissemination
of information. With the development of technology, mobile applications are being developed to treat and support
many diseases. Laptops, smart devices, wearable technologies, and cell phones have entered our lives with many
applications. The need for mobile systems is increasing while exchanging information in transportation, trade,
education, art, engineering, health, and many other fields [1].

Technological developments in health services are increasing day by day. Doctors utilize technology products in
the diagnosis and treatment of diseases. Both physical and mental illnesses facilitate the disease process with various
methods. The health information system has also been digitalized with the developing technology. Many different
branches of technology such as mobile applications, artificial intelligence, and machine learning serve the health
sector. For example, there are mobile applications in use for the dietitian and the client to progress the process in a
controlled manner. Thanks to these applications, the health of the person is regularly recorded and a healthier process
is built. There are mobile applications that provide control of physical health. In addition, mobile applications have
an important place in the treatment and follow-up process of mental diseases such as forgetfulness and Alzheimer's.
Applications integrated into mobile and smart devices represent an approach that aims to improve the quality of life
of individuals with many diseases, including Alzheimer's disease.

Alzheimer's disease is an advanced age disease in which deterioration in all mental activities, especially memory,
daily functions, and behaviors is observed due to the loss of certain cells of the brain over time. It is a gradual brain
disorder that leads to behavioral changes and gradual deterioration in the ability to learn, speak, reason, perceive,
communicate, and perform activities of daily living. Although the cause is not yet known, its severity gradually
increases as the years progress [2]. The rate of Alzheimer's disease progression varies from person to person. Some
individuals may live with mild cognitive impairment for an extended period, while others may experience a quicker
onset of symptoms and a more rapid progression of the disease. Individuals with this disease often forget the location
of their home, the daily activities they need to do, the people around them, and even vital factors in their daily lives
(eating, drinking, etc.). These and similar situations cause great distress for both themselves and their relatives. While
there isn't a permanent treatment for the illness, there are steps you may take to slow or stop its progression. Some of

2
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these measures include eating a balanced and regular diet, doing sports, solving crossword puzzles (sudoku), solving
memory-enhancing tests, playing games that provide brain training, keeping social relations alive, avoiding stress,
and leading a calm life.

According to worldwide research, there are an estimated 35 million people with Alzheimer's disease and this
number is increasing dramatically every day. Alzheimer's disease ranks as the sixth most prevalent cause of mortality
for people in the United States, according to the Centers for Disease Control and Prevention (CDC). It is regarded as
the fifth most common cause of death for those over 65[3]. According to the analysis of the Turkish Statistical Institute,
it is estimated that the proportion of the elderly population over 65 will exceed 10% in 2023 and the prevalence of
Alzheimer's disease will continue to increase rapidly. If this increase continues, the number of patients is expected to
reach 66 million in 2030 and 135 million in 2050 [4].

2. Technological Applications For Alzheimer's Disease

There are many mobile applications developed for Alzheimer's patients. In addition to these, applications integrated
into other smart devices and wearable technologies have also been implemented. Advanced technologies such as
humanoid robots, artificial intelligence, and virtual reality are used in the treatment of Alzheimer's patients. All of
these technological applications have been developed for individuals with Alzheimer's disease to live a better quality
of life.

Although existing practices include certain features that can help Alzheimer's patients organize their lives, they do
not offer them as a whole. Therefore, they are insufficient. In this case, one of the most important features that
distinguishes Forget If | Remember from other applications is that it includes features that Alzheimer's patients may
need. In addition, the psychological and physical competencies of Alzheimer's patients were also taken into
consideration while developing the application. For example, the colors, font, and font size used in the Ul design
phase were carefully selected so that Alzheimer's patients could benefit from the application in the best way.

"In 'Using Molecular Communication Systems and LSTM in the Classification of Alzheimer's Disease," Amyloid
Beta (AB) molecules, which cause Alzheimer's disease, were classified using a molecular communication model based
on Long Short-Term Memory (LSTM).

Designed for people with dementia and Alzheimer's disease, the mobile app is inspired by caregivers' anecdotes
and aims to improve the quality of life of people with Alzheimer's disease by providing content including favorite
music and family photos to make life easier for people diagnosed with Alzheimer's disease [6]. An app called
Alzheimer's Assistant aims to improve the daily communication of Alzheimer's patients, support them in performing
their daily tasks more effectively, and ensure their overall safety, using features such as facial recognition technology
and Google Maps [7].

Although existing mobile applications offer features such as recording the patient's location and reminding the
patient of tasks through notifications, there is no single application that includes all of these features. This is a
disadvantage for Alzheimer's patients. In addition to the additional features it provides to the user, Remind Me If |
Forget offers all these features in a single application. The solutions offered by the app aim to reduce the negative
impact of the disease on the lives of patients and their relatives. Other mobile applications that have been developed
do not offer any solution in case the patient forgets their mobile device. Due to the importance of the disease and the
majority of the population it affects, there is a need for more advanced and integrated applications in this field. Existing
applications are insufficient to meet all the needs of Alzheimer's patients and their relatives.

3. Model Suggestion
When designing a mobile application for the use of Alzheimer's patients, it is important for the accessibility of the

application to be simple, clear, and understandable. Focusing on these points in design is important for a positive user
experience[8].
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The design should be customized for the needs of the patient/caregiver. One of the most important points to be
emphasized is that the application should be designed taking into account the cognitive functions lost by Alzheimer's
patients[9].

In the design of the "Remind Me If | Forget" application, large and easy-to-read fonts, high-contrast color schemes,
and intuitive iconography were used. By prioritizing usability, user-centeredness, and accessibility in the design
process, it was aimed to provide a supportive environment for Alzheimer's patients to meet their personal needs and
to develop a user-friendly application. Figure 1. shows an example of the main screen of the "Remind me if | forget"
application interface.

Special day,
appointment
reminder

Location
tracking for
patient safety

Konum

Exercise
monitoring to
positively
influence the
course of the
disease

Reminder of
dose and time
of medication

Remembering
daily events
such as eating,
personal care

Gamification for
the protection
of cognitive
activities
anlak Aktivite

Fig. 1. An image from the interface of the application named Remind Me If | Forget

With features such as daily activity reminders, sports suggestions, games to stimulate the mind, medication
reminders, and location tracking, our Remind Me If | Forget application offers solutions to problems that may arise
in the lives of patients, relatives, or caregivers.

3.1 Materials and Methods

Before the implementation of the application, a SWOT Analysis was conducted to determine its strengths and
weaknesses and to evaluate possible opportunities and threats. Therefore, it was aimed to follow the most appropriate
path.
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Strengths Weaknesses
User-friendly Ul linadequate promotion
Providing to the user all the features Failure to maintain app store membership
needed in one application due to fees
Patient relatives can easily follow the Only for use on Android devices
patient
SWOT

ANALYSIS
Opportunities Threats
Alzheimer's patients to continue life Patient removing the smart bracelet

more peacefully
The patient does not have a smart
Ensuring the safety of their patients bracelet

Making life easier for patient relatives

Fig. 2. Strengths and weaknesses of our app.

The application was started to be developed as a result of the information obtained by conducting the necessary
research on the disease. The mobile application, developed in Kotlin using the Android Studio IDE, stores data
including user information, games, sports, and daily activity logs in a Postgresgl database. The users' password
information is specially hashed to store it securely in the database so that it is protected according to security standards.

The application named "Remind Me If | Forget" was made available to patients and their relatives in the Google
Play application store. In this way, it can be easily downloaded and used on devices with the Android operating system.

Gestalt Principles were used in the UI/UX design of the application. The purpose of using this principle is to provide
a user-friendly interface for Alzheimer's patients. Design principles were utilized while developing the application. In
line with the principle of simple and intuitive use, the application is easy to use regardless of the user's experience,
knowledge, language skills, or current level of concentration. Thus, the application can be used at any stage of
Alzheimer's disease. With the principle of perceivable information, since it is designed to appeal to the patient's senses,
the necessary information is effectively communicated to the patient, making the information more permanent in the
patient's memory. For this purpose, information is presented in different forms (visual, auditory, written, etc.) [10].

3.1.1 Home Screen

The application is registered with two different user options: patient and patient's relatives. Thanks to the
application, the patient's daily life will be easier, while the patient's relatives will be able to follow the patient remotely.
The reminder is used to remind Alzheimer's patients of the plans they need to remember in daily life. The location
feature allows the patient's relatives to track the patient's location in case the patient gets lost. The medication feature
aims to remind the patient of the doses of medication they should take on a daily basis. Daily activity allows the patient
to regularly perform activities that are important in the patient's life such as drinking water, pet feeding, personal care.
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3.1.2 User Login Page

The user registered in the system logs into the system by using their e-mail or username. Thanks to this feature, on
the one hand, the security of user data is ensured, and on the other hand, the consistency of the data entered into the
application by the patient and the patient's relatives is ensured.

3.1.3 Main Menu

While designing the main menu of the mobile application, the most important problems that Alzheimer's patients
frequently encounter in their daily lives and that cause a decrease in their quality of life were researched and analyzed.
As a result of the analysis and research, features were developed to solve these problems. The main menu includes
reminders, location, medication reminders, sports, daily activity, and game features. These features are of great
importance in terms of facilitating the lives of patients and their relatives. The main menu interface is presented in
Fig. 3.

Fig. 3. Main Menu Design.

3.1.4. Reminder Feature

Alzheimer's patients may forget important plans they need to make during the day. The reminder feature helps the
patient in this regard. Activities such as planned events, and meetings are saved in the reminder and the user is
reminded via notification when the time comes.
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3.1.5. Location Feature

When Alzheimer's patients go out for any purpose, they may forget or be confused on the way back. This is a very
common situation for patients. For this reason, the patient is victimized. At the same time, the patient's relatives are
also anxious. Thanks to this vital feature, when the patient goes outside the security boundaries set by the patient's
relatives, the patient and the patient's relatives are notified. The patient is warned with an audible warning. In addition,
the location of the patient is shared with the patient's relatives upon request. In this way, the patient is always controlled
by his/her companion, and any negative situation is prevented.

- N a N
Location / Control Units \ Server Side \ / Data Sharing
[ =—a | Environment
(o ) XY,
’ Phone Ji '
==
=
)
Remind Me ¥ | Forget
(Patient Relative)
\\ / \ Fiebase Daabase / \\

Fig. 4. General working structure of our application.
3.1.6. Medication Reminder Feature

People with Alzheimer's often forget to take their medication or take it incorrectly. Therefore, they may have
difficulty in receiving regular treatment [11]. Thanks to the medication reminder feature of the mobile application,
daily medications are recorded. When the time comes, a notification is sent to the patient indicating that the medication
is due. This feature aims to ensure that the patient does not forget to take their medication and to ensure continuity of
treatment.

3.1.7. Sports and Exercises

As with all individuals, regular exercise in Alzheimer's patients improves the immune system and increases muscle
strength and endurance. Regular exercise is also beneficial for some symptoms of Alzheimer's disease. Medical studies
have shown that patients who exercise have fewer mental and behavioral problems and improved memory and social
skills. The sports menu interface and counter interface are presented in Fig. 5.
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Fig. 5. (a) Sports Menu Design; (b) Time Counter.

Exercises and sports that are generally suitable for Alzheimer's patients are walking, standing on one leg, cycling,
and jogging. When the user selects the desired sport, the timer is displayed. The user starts the timer. The counter can
be stopped when desired.

3.1.8. Daily Activity Feature
Alzheimer's patients can forget even the basic vital activities they need to do during the day. Thanks to this feature,

activities such as eating, drinking water, and housework are reminded to the user at regular intervals. The patient is
provided with a better quality of life. The daily activity menu interface is presented in Fig. 6.

Fig. 6. Daily Activity.
8



Sanal, A., Alkan, H. C., and Ozdemir, D., (2024) /Journal of Scientific Reports-C,8, 1-10
Sanal, A., Alkan, H. C., ve Ozdemir, D., (2024) /Journal of Scientific Reports-C, 8, 1-10

3.1.9. Game Feature

Researchers say that logic and problem-solving games can be developed for Alzheimer's disease and that digital
games can prevent these disorders. It is observed that when elderly people play digital games, inactive areas of the
brain are activated, brain movements increase significantly, and recall skills improve. Therefore, digital games suitable
for Alzheimer's patients can be developed. In line with this research, a game feature has been added to the application.
There is a test-type game consisting of questions that will be useful for the patient in daily life, including concepts
that the patient needs to know. When the patient plays this game, the patient does not forget the basic information
he/she needs to know, and the permanence of the information is ensured. The game start menu, test initialization and
test result screen designs are shown in Figure 7.

Test Sonucu

Sorw 1 Hangisi yhn birin aysdir 7

il
B2

-L‘.
a

Tekrar Oyna

Sonucu Paylag

Ana Menu
SONRAKI SORU

H

Fig. 7. (a) Game Start Menu Design; (b) Test Start Screen Design; (c) Test Result Screen Design

4. Conclusion And Discussion

This paper describes the development of a mobile application that integrates with smartwatches to significantly
simplify the lives of Alzheimer's patients and their relatives (caregivers). Compared to other applications that have
been developed for the same purpose, this application has many of the required features. This application is expected
to be useful for patients and researchers. This study aims to describe the usability of a mobile application developed
to improve the quality of life of Alzheimer's patients. The application is designed to help users keep track of their
daily activities, participate in memory exercises (games, sudoku), and maintain social connections. In addition, the
sports feature aims to keep the patient physically and mentally active. The medication reminder feature ensures that
the patient takes their medication regularly, preventing interruptions in treatment. Going forward, further research on
the potential benefits of using the app in combination with other interventions such as medication and cognitive
behavioral therapy would be beneficial. The app's features could also be expanded to provide more personalized and
adaptive support for patients with different levels of cognitive impairment.
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Abstract

Mathematical modelling, and optimization are efficiently used in open pit mining problems, as it is the case of other engineering
areas, business, and economic disciplines. One of the problems in this context is related to the role of stockpiles to serve
maximization of the profit and minimization of the costs. In this paper, a short-term production plan for a mine-mill operation
having a stockpile area is developed. The approach is based on network diagrams and linear programming method. Data set used
in the application is hypothetical considering two months of duration. In the scenario, the milling facility nearby the mine is
subjected to two stages material feeding located in the mining and milling areas. The objective is to minimize the costs while
fulfilling the demands of the milling unit. LINGO software is used to evaluate the mathematical model. From the results of this
study, it is concluded that there is no need for stockpiling operation at mill area for the stage 2 production process and the stockpile
at mine area is required to satisfy the stage 1 production demand of 6,000 tons in month 2.

© 2023 DPU All rights reserved.

Keywords: Production Planning, Open Pit Mining, Network Models, Linear Programming, LINGO Software

Acik Isletme Tesisinde Cevher Stoklama Isleminin Uretim Planlamas1 Uzerine Bir
Durum Calismasi

Oz

Matematik modelleme yada optimizasyon, ekonomi, isletme gibi disiplinleri ve diger miihendislik alanlarinda oldugu gibi
madencilik sektériinde de yogun olarak kullanilmaktadir. Bu alandaki problemlerden birisi de acik igletme tesislerindeki cevher
stoklama igleminin planlanmasidir. Bu makale de agik isletme tesisindeki cevher stoklama isleminin kisa donemli (2 aylik )
planlanmasi aragtirilmistir. Bunun igin sebeke diyagrami ve dogrusal programlama metotlar1 ile LINGO yazilim paketi
kullanilmigtir. Amag fonksiyon olarak tesisin kapasitesini karsilayan en diisiik maliyetli cevher {iretimi igin iki adet stoklama alan1
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planlanmistir. Calismadan elde edilen sonuglara gore, sadece maden sahasindaki stok alaninin yeterli olduguna ve tesis alaninda
bir stoklamanin gerekmedigi kanisina varilmstir.

© 2023 DPU All rights reserved.
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1. Introduction

Mine planning requires sequential decisions and their implementation so that the assets of a mineral deposit can be
extracted and processed economically and sustainably. As an engineering discipline, mining also relies on detailed
mathematical calculations. Therefore, mathematical programming and estimating optimum solutions are of great
importance. Linear and non-linear programming, game theory, transportation problems, assignment systems,
networks, dynamic programming, etc. are some of approaches developed for this purpose.

Linear programming is used in the optimization of coal distribution problem where production is performed in six
locations and forwarded to four consumption points at Garp Lignite Enterprise in Kiitahya, Turkey [1].

Various shovel and truck operation approaches and optimization techniques for dispatching of trucks for different
operating conditions are evaluated. They studied Orhaneli Open Pit Coal Mine in Turkey to find the optimum path for
the trucks. It is shown the effect of the number of trucks and dispatching models on the cost of transporting the material
by using linear programming [2].

Linear programming approach is proposed to determine the optimum distribution model in Kegalle, Sri Lanka [3].
The objective is to minimize the cost and Excel Solver is used. Mixed integer network a flow model is formulated
for the underground gold mine in Red Lake, Ontario, Canada [4].

Linear Programming is one of the most commonly preferred mathematical tools for solving real optimization
problems in many disciplines. Here, the optimal is unique through alternative combinations. The resources are scarce
and mathematical behavior of the parameters are linear. Optimization exits as maximization or minimization. For
example, maximization of revenue, production efficiency or minimization of costs, consumption of sources, distances,
etc.

For the case study in this paper, a mathematical formula of linear program type to represent the open pit production
planning for a mine-mill operation system with stockpiling problem is developed.

The problem in this case study is that mine manager wants an operating plan for the next two months which will
maximize the profits (or minimize the costs) for his mine and operating system.

The mine can ship directly to the mill or stockpile. Stockpile is to supply the mill next month.

Mine capacity: 5 x 103 tons / month

Total reserves: 15 x 103 tons / month

Mining cost/ton: $1.00

Stockpiling cost (mill or mine): $0.10/ton

Rehandling from Stockpile: $0.15/ton

Transportation cost (mine-mill): $0.50/ton

The mill is a two stage operation and produces two marketable products (one after every stage). The mill ships
directly to market from each stage.

As a principle, linear programming approach is based on the assumption that all the mathematical functions existing
in the model are linear all [5]. The linear programs have commonly the following components:

* Decision variables: The decision variables represent the parameters for which the values to be estimated after
solving the model. The symbols of them may be like X1, X2, X3, .... Xn. These variables are value carriers of
unknown quantities (i.e. number of trucks in the fleet, amounts of ore or waste to be produced and so on).
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* Objective function: It is the mathematical function written in terms of the decision variables which give maximum
or minimum value after solving the entire functions. For instance, the objective function may aim at maximizing the
revenues, minimizing the cost, as well as distance, time, energy consumption, etc.

» Resources Constraints: These functions represent the restrictions and limitations on raw materials, resources,
time, manpower, requirements, etc. of the problem are expressed as inequalities or equations by using decision
variables.

After describing the basic elements and idea of linear programming model, similarly, another approach, nonlinear
programming model can be stated as the one including either a nonlinear objective function and/or any combination
of nonlinear constraints. Linearity or nonlinearity seems to be the basic difference. However, the problem becomes
more complex in nonlinear programming problems. Programming is a technique used to solve mathematical
programming models with linear objective function and linear constraints. Linear type mathematical models including
objective and constraint functions are solved and optimum can be found by the Simplex Algorithm approach
developed by [6]. This technique, in fact, has a matrix base and are used to solve real or hypothetical linear
programming models.

In this case study, an operational short-term production plan for a mine-mill operation with stockpiling option is
developed as a case study.

2. Method and Input Data
2.1. Minimum Cost Network Flow Problems

Some type of problems can be structured on graphical networks and the paths, flows or spans on them can be
maximized or minimized. Minimum cost flow problem has a primary and basic role through network flow problems.
Application of minimum cost flow problems may find a large area in almost all industries such that manufacturing,
transportation, energy distribution, marketing, communication, etc. In these problems, each node has a “supply”, or a
“demand” given by some parameters. Each edge has some capacity, which is greater than zero. It is required to send
the flow through the graph from between the supply nodes and the demand nodes to satisfy the demands regarding
the limitations of the capacity. Finally, the objective of doing this in a manner which minimizes the total cost of the
flow is attained. Here, network simplex yields the solution of any minimum cost network flow problem (MCNFP)
where, the simplex is eligible, efficient, and easy to use. It is extremely important to formulate an LP as an MCNFP.
A MCNFP can be defined by letting an example nomenclature given below [6].
xij = amount of flow from node i to node j through arc (i, j) (i.e. tons of ore produced/processed per month in the case
study problem.)
bi = net outflow and/or inflow at node i
cij = cost of transporting of flow per unit from node i to node j through arc (i, j)

U;; =Upper bound on flow from node i to node j through arc (i, j) for each arc in the network
Lij = Lower bound on flow from node i to node j through arc (i, j) for each arc in the network.

MCNFP can be formulated as (Winston, 2004):

Min Zall arcs Cij . Xij (1)
Subject to:
2 xij — Xy xki =b for node | )
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Lij < xij < Ujj for arc (i,j) 3)

Xij=0 Non-negativity (4)

3Constraints (2) mandate an equality between the net flow out of node i and bi. Besides, the constraint equations
(2) should provide a balance in network flow. Group (3) constraints (3) enable restrictions and satisfaction equilibrium
on the arc capacity. In our case study, all L are initialized as zero. The constraints for the case study problem as
MCNFP representation are given in Table 1. The first twelve constraints balance the flow through the nodes, and the
last seventeen ones are for the capacity restrictions. The variable F; of flow balance equation gets +1 coefficient in
the node I, -1 in the node j, and 0 in other flow balance equations. Node 1 is the supply node that has a capacity of
+10.000 (tons of ore) while node 13 is the demand node having the same amount of 10.000 with negative sign. All
other nodes have a capacity of zero.

Table 1. The MCNFP Incidence Matrix Representation of case study problem

F F F F F F F F F F F F F F F F F <= rths  Constraints
1, 2, 2, 3 4 4 6 5 4 1, 7, 8 9, 10, 11, 10, 12,

2 3 7 4 5 6 11 13 13 8 9 9 10 11 12 13 13

1 0 0 0 0 0 0 0 0 1 0 0 0 o0 0 0 0 = 10000  Node 1

1 4 1 0 0 0 0O 0 0 ©0 0 0 0 o0 0 0 0 = 0 Node 2

0 1 0 -1 0 0 0 0 0 O 0 0 0 o0 0 0 0 = 0 Node_3
o0 0 1 -1 1 0 0 -1 0 0 0 0 0 0 0 0 = 0 Node_4
00 0 0 1 0 0 -1 0 O 0 0 0 o0 0 0 0 = 0 Node_5

0 0 0 0 0 1 -1 0 0 O 0 0 0 o0 0 0 0 = 0 Node_6

0 0 1 0 0 0 0 ©0 0 O 14 0 0 0 0 0 0 = 0 Node_7

0 0 0 0 0 0 0 0 0 1 0 -1 0 o0 0 0 0 = 0 Node_8

0 0 0 0 0 0 0 0 0 O 1 1 1 o0 0 0 0 = 0 Node_9

0 0 0 0 0O 0 0 0 0 O 0 0 1 -1 o0 10 = 0 Node_10

0 0 0 0 0 o0 1 0 0 O 0 0 0 1 1 0 0 = 0 Node_11

0 0 0 0 0 0 0 0 0 O 0 0 0 o0 1 0 14 = 0 Node_12

0o 0 0 0 0 0 0 -1 -1 o0 0 0 0 o0 0 4 -1 = -10000 Node 13

1 0 0 0 O 0 0O 0 0 O 0 0 0 o0 0 0 0 <= 5000  Arc(1,2)

0 1L 0 0 0 0 0 0 0 O 0 0 0 o0 0 0 0 <= 5000  Arc(23)

0 0 1 0 0 0 0 0 0 O 0 0 0 o0 0 0 0 <= 5000  Arc(27)

0 0 0 1 0 0 0 0 0 O 0 0 0 o0 0 0 0 <= 5000  Arc(34)

0 0 0 0 1 0 0 0 0 O 0 0 0 o0 0 0 0 <= 4000  Arc(45)

0 0 0 0 0 1 0 0 0 O 0 0 0 o0 0 0 0 <= 7000  Arc(46)

0 0 0 0 0 0 1 0 0 O 0 0 0 o0 0 0 0 <= 7000  Arc(5,10)
00 0 0 0 0 © 1 0 o0 0 0 0 o0 0 0 0 <= 2000  Arc(5,13)
0o 0 0 0 0O 0 0 0 1 O 0 0 0 o0 0 0 0 <= 2000  Arc(4,13)
0o 0 0 0 0O 0 0 0 0 1 0 0 0 o0 0 0 0 <= 5000  Arc(1,8)

0o 0 0 0 0O 0 0 O0 0 O 1 0 0 o0 0 0 0 <= 5000  Arc(7,9)

0 0 0 0 0O 0 0 0 0 O 0 1 0 o0 0 0 0 <= 5000  Arc(8,9)

0o 0 0 0 0O 0 0 0 0 O 0 0 1 o0 0 0 0 <= 7000  Arc(9,10)
0o 0 0 0 0O 0 0 O0 0 O 0 0 o0 1 0 0 0 <= 7000  Arc(10,11)
0 0 0 0 0O 0 0 0 0 O 0 0 0 o0 1 0 0 <= 4000  Arc(11,12)
0 0 0 0 0O 0 0 0 0 O 0 0 0 o0 0 1 0 <= 2000  Arc(10,13)
0 0 0 0 0O 0 0 0 0 O 0 0 0 o0 0 0 1 <= 4000  Arc(12,13)

All variables are nonnegative.
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2.2. Input Data and Network Model of Case Study

Optimization problems such as production planning can be analysed by graphical or network representations. The
input data for the case study problem is given in Table 2 and Table 3 below.

Table 2. The production cost data for case study

Production Cost Capacity (ton 103) Capacity (ton x10%) /month
Stage ($/ton) / month High
Low
1 1.08 2 7
2 0.75 2 4
Table 3. Market demands and prices for case study
Month 1 Month 2 Price
Product
(tons x10% ) (tons x10%) ($/ton)
1 2 2 6.000
2 2 4 7.000

The mathematical model for production planning problems can be described by linear programming methods. The
case study problem has two stages (i.e. two months). It means that network diagrams can be used to solve this problem.
The following network diagram summarizes the activities under consideration for the case study problem of mine-
mill operations. The numbers on each arc represent the costs for each operation and permissible capacity on each
potential node of the process. (Fig.1).

Production by Stage 1

Transportation to m|II Production by Stage 2
Mine Pr ion for Month 1 ~O s 27kIL OSL V.28
0,5k/0.50 14kl075
0,5k/1.00
5 Market to Month 1 Product 2
Stockpile at Mine Stockpile for Product 1
0,5k/0.10 0,7k/0.10 Market to Product 1

2,2 ki-7.0

2,2kl-6.0
>@ l‘

\ J mmarket to Product 2 Ca
0,7k/0.15
(1 ‘

/ Rehandling at Mine site Rehandling at Mill \_/ 4,4k1-7.0
= 0,5k/0.15 Ko
14 .75
( 11 i
\ Production at Stage 2
Mine Production for Month 2 A
0,5k/1.00 Gravity flow
0,7k/0.00
Transporta(lon to mlll/ \ Producuon by Stage 1/ 2,2k/-6.0

J 0,5k/0.50 \ J z 7k/1.08 KJ Market to Product 1 Month 2

Fig. 1. Network diagrams for the case study.
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2.3. LINGO Codes for the Case Study Problem

LINGO codes of the case study problem are given in Figure 2.

In line 2 of the codes given in Figure 2, the nodes are defined and they are linked to a net supply (flow out — flow
in) with each node. Code line 12 is for data supplies. The arcs are defined in line 3 as a list and they are linked by a
capacity (CAP), a flow (FLOW), and a cost/unit shipped (COST) with each arc in line 4. Line 11 is the code part
where the cost of unit’s shipping is entered. Line 6 generates the Objective function takes place in Line 6 and it is
summed up over all arcs (unit cost for arc) x (flow through arc). Each arc’s capacity constraints are stated in Line 7
where the arc data are entered in Line 13. Code Lines 8 and 9 generate the conservation-of-flow constraints for each
node I. They imply that for each node I,

(flow out of node 1) - (flow into node 1) = supply of node I.

IMODEL:
SETS:
WODES / 1..13/ : SUBP:
ARCS ( NODES, NODES) /1,2 2,3 2,7 3,4 4,5 4,6 6,11 5,13 4,13 1,8 7,9 8,9 S,10 10,11, 11,12, 10,13, 12,13/
: CaB, FLCW, COST:
ENDSETS

MIN = @SUM( ARCS: COST * FLOW):

BFCR( ARCS (I, J): FLOW(I,J)<= CAPI(I,J));
@FOR( NODES( I): —@SUM(ARCS(J,I) : FLOW(J,I))
+@SUM( ARGS(I, J): FLOW( I, J))= SUPP(I)):
! Hers= ars= The paramscters;
DATA:
CRp = 5000, 5000, 5000, 7000, 4000, 7000, 7000, 2000, 2000, 5000, 5000, 5000, 7000, 7000, 4000, 2000, <000;
SUPP = io000, o, o, 9, o, o, o0, @, 9, O, O, O, —-10000 ;
cosT = i, o.s0, ©.10, 1.08, ©.75, o0.10, ©.15, -7, -6, 1, 0.15, 0.50, 1.08, 0.0, 0.75, -6, —7:
ENDDATA
END

Fig 2. LINGO Model for case study
All variables are nonnegative.
2.4. LINDO Model of the Case Study Problem

LINDO maodel of the case study is given in Figure 3.
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Fig 3. LINDO Model for the case study
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In figure 3 with LINDO model, Line 1, the objective function is specified as a Minimization of the total cost of
mining, transportation, stock-piling, re-handling and processing for the case study problem. It is noted that the
coefficients are all negative for the demand node 13 only while all other nodes have positive coefficient in the objective
function. Lines 2- 19 are arc capacity constraints for all arcs in the network and the other rest including lines 20-31
are the node flow balance constraints in the network problem.

3. Results and Discussion

When the LP model of the case study problem was solved both on LINDO and LINGO. it was found that the
optimal value of the objective function was equal to — 35,950 $ meaning that negative total cost is in fact a positive
income for the operational plan. It means that the mining company will earn a profit of 35,950 $ by the production
schedule for the two months’ duration from this mine-mill operational plan (i.e., according to the minus signs that are
assigned to the income from the sales of both product 1 an d product 2 while all other cost parameters are assumed to
be positive). The output results of the decision variables for case study problem obtained by LINGO and LINDO
software is summarized in Table 4. As it can be seen from Table 4, there is no need for stockpiling operation at mill
site for the stage 2 production process and the stockpile at mine site is required to satisfy the production stage 1
demand of 6,000 tons in month 2.

Table 4. Output Data obtained for case study problem by LINGO and LINDO

Decision Cost Value Capacity
Variables Coefficient (Production rate) (tons/month) Activity
($/ton) (tons/month)
FLOW(1,2) 1.00 5000 5000 Mine Production in Month 1
FLOW( 2, 3) 0.50 4000 5000 Transportation mill
FLOW(2,7) 0.10 1000 5000 Stockpiling at mine site
FLOW( 3, 4) 1.08 4000 7000 Production at stage 1
FLOW( 4, 5) 0.75 2000 4000 Production at stage 2
FLOW( 4, 6) 0.10 0 7000 Stockpiling for product 1
FLOW( 6, 11) 0.15 0 7000 Rehandling for product 1
FLOW(5, 13) -7.00 2000 2000 Market for product 2 in month 1
FLOW( 4, 13) -6.00 2000 2000 Market for product 1 in month 1
FLOW( 1, 8) 1.00 5000 5000 Mine Production in Month 2
FLOW(7,9) 0.15 1000 5000 Rehandling for month 2
FLOW(8,9) 0.50 5000 5000 Transportation mill
FLOW(9, 10) 1.08 6000 7000 Production at stage 1
FLOW( 10, 11) 0.00 4000 7000 Gravity Flow
FLOW( 11, 12) 0.75 4000 4000 Production at stage 2
FLOW( 10, 13) -6.00 2000 2000 Market for product 1 in month 2
FLOW (12,13) -7.00 4000 4000 Market for product 2 in month 2
Global Optimal -35950.00
Solution
4. Conclusion

17



Cetin, N., (2024) / Journal of Scientific Reports-C, 8, 11-18

In this paper, production planning problems in open pit mining were modelled and solved using two softwares
called LINGO and LINDO. An operating short-term production plan was developed on a hypothetical case study for
the following two months’ duration which maximizes profits (or equivalently minimizes cost) for a mine-mill
operation system with stockpiling.

As seen from the optimization process, the following main results could be derived:

a) The production planning problems in mining operations can be solved by mathematical programming methods such
as Linear Programming to reduce the total operating cost during the life of mines.

b) Network flow models can be applied to other areas in open pit or underground mining industry such as open pit
truck dispatching problem, blasting pattern design optimization, transportation network optimization and like many
other optimization problems.

c) Stockpiling options provides great operational flexibility for production planning problems in mine-mill operations
since the planning parameters are highly sensitive to variations in costs and prices.

d) Open pit mining systems involve many financial factors such as operating cost, revenues, total capital investment
etc. that are highly stochastic in nature and, therefore, they should be modelled accordingly.
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Oz

Bu caligmada, Aksehir-Simav Fay Sistemi i¢inde degerlendirilen Cukurdren Fayi ile Aslihanlar Fayi’nin geometrisi
ve kinematik ozellikleri incelenmistir. Bu amagla, birbirinin devami seklinde haritalanan faylar boyunca belirli
lokasyonlarda kinematik veriler toplanmis ve bu veriler Angelier paleostres programinda degerlendirilmistir.
Bulgularimiz Cukuréren Fayi’nin KB-GD uzanimli ve sag yanal dogrultu atimli iki fay segmentinden yapili oldugunu
ve bu segmentlerin sikismali bir biikliim ile birbirine baglandigini gdstermistir. Cukurdren Fayi’'nin doguya dogru
devami niteligindeki Aslihanlar Fay ise, genislemeli bir biikliim ile baglamakta ve doguya dogru sag yanal dogrultu
atimh fay seklinde uzanmaktadir. Haritalanan fay segmentlerinin uzunlugu ile segmentlerin olusturabilecegi
maksimum deprem biiyiikliigii arasindaki iliskilere gore, Cukurdren Fayi’nin bati segmenti 6.5; dogu segmenti 6.8;
Aslihanlar Fay ise 6.5 biiyiikliigiinde deprem iiretme potansiyeline sahiptir. Benzer kinematik ozelliklere sahip bu
iki fayin beraber kirilmasi halinde ise, olusabilecek maksimum deprem biiyiikliigii 7.2 olarak hesaplanmustir. Elde
edilen bulgular Simav, Kiitahya, Usak ve Afyonkarahisar’in arasinda kalan Cukurdren Fayir ve Aslihanlar Fayi’nin
bolge i¢in 6nemli bir sismik kaynak olduguna isaret etmektedir.

© 2023 DPU All rights reserved.
Anahtar Kelimeler: Bati Anadolu, Cukuroren Fayi, Aslihanlar Fayi, Fay Geometrisi, Kinematik Analiz
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Geometry and kinematic features of Cukurdren fault and Aslihanlar fault, Aksehir-
Simav fault system, Western Anatolia

Abstract

In this study, the geometry and kinematic properties of the Cukuréren Fault and Aslithanlar Fault, which are evaluated
within the Aksehir-Simav Fault System, are investigated. For this purpose, kinematic data were collected at certain
locations along the faults mapped as a continuation of each other and the Angelier paleostress software of these data
was evaluated. Our findings show that the Cukuréren Fault is made up of two fault segments with a NW-SE strike
and right lateral strike slip character, and that these segments are connected to each by a compressive bend. The
Aslihanlar Fault, which is the continuation of the Cukurdren Fault towards the east, as a right-lateral strike-slip fault
with an extensional bend. According to the regions between the length of the mapped fault segments and the maximum
earthquake magnitude that the segments can create, the western segment of the Cukuréren Fault is 6.5; the eastern
segment has the potential to produce an earthquake of magnitude 6.8 and the Aslihanlar Fault has the potential to
produce earthquakes of magnitude 6.5. If these two faults with similar kinematic features ruptured together, the
maximum earthquake magnitude that can occur is calculated as 7.2. The findings indicate that the Cukuréren Fault
and Aslihanlar Fault, located between Simav, Kiitahya, Usak and Afyonkarahisar, are important seismic sources for
the region.

© 2023 DPU All rights reserved.
Keywords: Western Anatolia, Cukuroren Fault, Aslihanlar Fault, Fault Geometry, Kinematic analysis
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1. Giris

KKD-GGB dogrultulu gerilmeli tektonik rejim etkisinde horst-graben yapilari ile temsil edilen Bati Anadolu
Graben Sistemi ile Kuzeybati Anadolu Gegis Bolgesi arasindaki yapisal sinir KB-GD uzanimli ve yaklasik 200 km
uzunlugundaki Aksehir Simav Fay Sistemi (ASFS) ile temsil edilmektedir [1]. ASFS, kuzeybatida Simav Fay Zonu,
giineydoguda ise Afyon Aksehir Grabeni i¢inde kalmaktadir (Sekil 1) [2,3,4]. Simav Fay Zonu, bolgedeki 6nemli
deprem kaynaklarindan biridir ve genel uzanimi gerilmeli sistemin {iriinleri (Gediz Grabeni, Simav Grabeni, Kiitahya
Grabeni vb) ile paralellik gosterir. Zon boyunca yikici depremler tireten BKB-DGD uzanimli ¢ok sayida diri fay
tanimlanmustir [1,5,6]. 28 Mart 1970 tarihinde meydana gelen Gediz ilgesi merkezli yikict deprem (Ms=7,2) ile 1944
Abide depremi (Ms: 6.0), 25 Mart 1969 Demirci depremi (Ms: 6.0) ve 19 Mayis 2011 Simav depremi (Mw: 6.0) bu
alandaki diri faylarin yikici deprem {iretme potansiyelinin yiiksek oldugunun gostergesidir. 1970 Gediz depremi
Simav Fay Zonu’na ait Abide Segmenti ile daha kuzeydeki Cukurdéren Fayi arasinda kalan Gediz Fay Segmenti
tizerinde yaklasik 45 km uzunlugunda yiizey kirig1 olusturmustur [7,8]. Bununla beraber, 2011 yilinda giincellenen
Tiirkiye Diri Fay Haritasi’nda [1,5,6] 29 ve 18 km uzunluklarda iki ana segmentten olustugu ve 6.8 biiyiikliigiine
kadar deprem fiiretme potansiyeli oldugu ifade edilen Cukuréren Fay: iizerinde, fayin kinematik analizi ve aktif
tektonik Ozellikleri ilizerine yayinlanmis bir ¢alisma bulunmamaktadir. Bu ¢aligma, ASFS boyunca deprem iiretme
potansiyeli yliksek olarak tanimlanan faylardan birisi olan Cukuréren Fay1 ve Aslihanlar Fayi’nin geometrisi ve
kinematik 6zelliklerini konu almaktadir.
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Sekil 1. Caligma alaninin Bati Anadolu tektonik yapisi igerisindeki yeri a) Dogu Akdeniz’in Neotektonik Donem
yapist  [9,10], mavi dolgulu oklar plakalarin hareket yonlerini gostermektedir, b) Caligma alaninin ASFS
igerisindeki konumu [3,4, 11, 12].

2. Cukuréren Fayi: Geometrisi ve Kinematik Ozellikleri

Bat1 Anadolu Bolgesi aktif faylar1 icerisinde yer alan Cukuréren Fayr batida Eski Gediz ile doguda Dumlupinar
arasinda, KB-GD dogrultusunda yaklasik 47 km uzunluga sahiptir ve iki ana segmentten olusur (Sekil 2). Yaklagik
18 km uzunlugundaki bati segment, Eski Gediz kuzeyindeki Akkaya’dan baslayarak KB-GD uzaniminda Yaylakoy,
Isiklar ve Kayacik Mahallelerinden gegerek, Gokler kuzeyinde sola sigrama yapar. Yaklagik 29 km uzunlugundaki
dogu segment ise Goyniik, Cukuréren ve Saraycik civarindan gegerek Yesilyurt civarinda sonlanir.

Bu alanda, cizgisel gidisli derin vadiler ile tipik olan Cukurdren Fayi, Cukuréren yerlesim alani dogusunda
Saraycik, Oysu ve Yesilyurt yerlesim alanlar1 boyunca ortalama K70°B dogrultusunda ¢izgisel bir gidis sunar. Fayin
buraya kadar olan boliimii boyunca yapilan arazi calismalari, fayin sag yanal dogrultu atimli karakterine ait iyi
korunmus kayma diizlemlerinin varligini ortaya ¢ikarmistir. Goyniik, Oysu ve Yesilyurt arasinda fay 6niinde gelisen
koliivyal ve aliivyal yelpaze ¢okelleri belirgindir. Bu alanlarda Cukurdren Fayr Kuvaterner yash koliivyal ¢okelleri
kesecek sekilde gelismistir. Yesilyurt ile Alagayir mevkii arasinda yer alan bolimii kademeli (en-echelon) dizilimli
fay zonu seklinde uzanmaktadir.
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Sekil 2. Cukuréren Fayi ve Aslihanlar Fayi’nin geometrisi ve kinematik 6zelliklerini gosteren diri fay haritas: (Diri
faylar [5,6]den alinmustir.

2.1 Cukuréren Fayr Bati Segmenti

Eski Gediz’in kuzeyinde Akkaya Koyii’'nden baglayarak, Giiziingild, Isiklar, Derekdy, Kayacik Koyleri’nden
gecerek Gokler Beldesi’nin kuzeyine kadar devam eder. Isiklar koyii girisinde Arica formasyonu [8] igerisinde yer
alan killi kiregtaglarini kesen Cukurdren Fayi’na ait diizlemler gézlenmeye baslar (Sekil 3). Fay diizlemlerinde K50°B/
85° GB dogrultu ve egim degeri Sl¢iilmistiir. Rake agis1 degeril6® KB olup, diizlem iizerinde 6lgiilen kinematik

belirteglere gore Cukuréren Fayi sag yanal dogrultu atimli fay karakterindedir.
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Sekil 3. Cukuréren Fayi’nin bati Segmenti Isiklar Koyii girisi a) Fay diizlemi b) Diizlem iizerinde kayma ¢izikleri c)
Kinematik 6lgtim K50°B 85°GB rake:16° KB Sag yanal dogrultu atiml fay.

Isiklar Koyii giineyi - Derekoy Mahalleleri arasinda KB — GD dogrultusunda fayin kestigi Arica formasyonu [8],
travertenlerdeki fay aynasi tizerinde yivli ve oluklu bir yap1 gozlemlenmektedir (Sekil 4 a) Diizlem tizerinde fay
cizikleri, fay kertikleri ve fayin hareketini gosteren asimetrik ¢akillar net olarak goriilmektedir. Kinematik dl¢iimlerde
K77°B/88°GB dogrultu ve egim degerlerinin yaninda, rake ags1 12°KB &l¢iilmiistiir (Sekil 4 b). Olgiilen tiim veriler
fayin hareketinin Isiklar - Derekdy arasinda KB-GD dogrultusunda sag yanal dogrultu atimhi karakterinde oldugunu
gostermektedir.
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Sekil 4. Isiklar - Derekdy arasinda uzanan Cukurdren Fayi’na ait fay diizlemleri a) K70°B 88°GB dogrultulu, yanal
atiml fay aynasi iizerinde gelismis yivler, b) Fay diizlemi iizerindeki kayma ¢izikleri, kayma acis1 12°KB
Olgiilmiistiir.

Eski Gediz kuzeyindeki Akkaya’dan baslayarak KB — GD uzaniminda Yaylakdy, Isiklar, Kayacik
Mahalleleri'nden gecerek Uckuyu mevkiine kadar K50°B dogrultusunda cizgisel bir gidis sunan Cukurdren Fayi,
Gokler Beldesi’nin kuzeyinde K10°B dogrultusuna dénen bir fay kolu ile kesisir. Bu alanda fayin egim atim bileseni
yiiksektir. Arazi galismalar1 sirasinda 6lgiilen rake agilar1 40° — 50° arasinda degismektedir (Sekil 5 b). Fay Ugpinar
mevkii — Goyniik arasinda K55°B dogrultusunu yeniden kazanir ve dogrultu atimli karakterine doniis yapar.
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Sekil 5. Gokler Beldesi kuzeyi Cukurdren Fayi bati segmenti a) Fay diizlemleri, b) Cukurdren Fay: bati segmenti
Gokler Beldesi Ugpinar mevkiinde sola sigrama yaptigi diizlemde fay ¢izikleri ¢) Ugpinar mevkii fay diizlemi K55
B 85GB rake:18 KB, d) Dere yataklarinda sag yanal yonde gozlenen yaklasik 15 metrelik dtelenmeler

2.2 Cukuréren Fay1 Dogu Segmenti

Cukurdren Fayi’nin dogu segmentine ait izler Goyniik Koyl KB’sinde gozlenmeye baglar. Fay onilinde gelisen
koliivyal ¢okelleri ve fayin gilincel hareketi sonucunda koliivyum igerisinde egim atimli faylanma hareketleri
gozlenmektedir (Sekil 6 a). KB-GD dogrultusunda K35°B/ 85°GB dogrultu ve egim degerlerine sahiptir (Sekil 6 b).
Paleozoyik yasli Menderes Masifi sistleri igerisinde yer alan mermerleri keser. Goyniik Koyii ve ¢evresinde gelisen
koliivyal depolanmalar ve bunlarin kesilmesi, Cukuréren Fayi’nin aktif oldugunun bir igaretidir.
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Sekil 6. Goyniik Koyl Kuzeyi Cukurdren Fayr dogu Segmenti a) Cukurdren Fay oniinde gelismis Koliivyal ¢okeller
b) Fay diizlemi ve fay diizlemi iizerinde kinematik 6l¢iimler K35°B/85°GB

Cukuréren Fayr dogu segmentine ait fay diizlemleri Cukuréren Koyii girisinde gézlemlenmektedir. Diizlem
tizerinde dort ayr1 evreye ait izler vardir, birinci evrede egim atim bileseni yiiksek normal fay karakterinde hareket
etmistir, K55°B/ 65°GB dogrultu ve egim degerinde, rake acis1 81°KB, ikinci evrede K38°B/60°GB rake degeri de
64°KB egim atim bileseni yiiksek egim atimli normal fay karakterinde, ti¢iincii evrede ise K65°B/64°GB rake 1°- 4°
arasinda degerler alir, bu faz iginde yanal atim bileseni yiiksek, sag yanal dogrultu atim Karakterindedir. Son evrede
K55°B/62°GB rake degeri 40° ile 50° arasinda degerler almakta, fayin son hareketi sag yanal obliktir. Fay diizlemi
tizerindeki oblik karakterli normal faylanma ile baglantili kayma yiizeyi fay ¢izigi seti (Sekil 7 b) ile hesaplanan
sonuglara gore asal gerilme eksenleri (o1, 62 ve 63) sirasiyla ¢.1) 1 evre, 8°/78°, 151°/10°, 243°/07° c.2) 2 evre,
349°/14°, 148°/75°, 258°/05° ¢.3) 3 evre, 339°/53°, 135°/34°, 233°/12° (yonlem/dalim) olarak elde edilmistir.
Hesaplanan degerler Cukuroren Fayi’nm ilk olarak KB — GD dogrultusunda gerilme etkisi ile egim atim bileseni
yiiksek karakterde hareket ettigi, sonrasinda KD — GB gerilme, KB — GD dogrultusunda sikisma etkisi ile sag yanal
hareketin basladig1 goriilmektedir.
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Sekil 7. Cukuréren Fay1 dogu segmenti Cukuréren Koyl girisi a) Fay diizlemi b) Diizlem iizerinde farkli zamanlarda
hareketi igareti eden 1-2-3-4 nolu evrelere ait fay kayma cizgileri ¢) Fay diizlemi tizerinde 1-2-3 nolu evrelerde
Olgiilen rake a¢1 degerlerine gore asal gerilme eksenleri (o1, 62 ve 63) sirasiyla ¢.1) 1 evre, 8°/78°, 151°/10°,
243°/07° ¢.2) 2 evre, 349°/14°, 148°/75°, 258°/05° ¢.3) 3 evre, 339°/53°, 135°/34°, 233°/12° (yonlem/dalim) olarak
elde edilmistir.

Saraycik Koyl Alagayir mevkii arasinda Adagal Deresi’nde Cukuréren Fayr dogu segmenti iizerinde fayin ¢ ayri
evrede hareket ettigini gosteren kayma ¢izikleri vardir. Birinci evrede K55°D/67°KB rake agisi 8° GB yanal atim
bileseni yiiksek (Sekil 8.a) sol yanal dogrultu atiml1. Tkinci evrede K55°B/60° KD dogrultu ve egim degerinde, rake
acis1 44°KD egim atim bileseni yiiksek oblik karakterinde, son evrede K76°B/60°KD rake agist 90° egim atimli normal
fay. Kayma yiizeyi fay ¢izigi seti (Sekil 8 b) ve (sekil 8 c) ile hesaplanan sonuglara gore asal gerilme eksenleri (o1,
62 Ve 63) sirastyla €.1) 267°/68°, 61°/20°, 155°/9° Sol yanal atim bileseni yiiksek, az oranda egim atim bileseni var
€.2) 9°/8°, 138°/77°, 277°/10° oblik atiml1 €.3) 179°/79°, 271°/0°, 1°/11° Normal fay.
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Sekil 8. Saraycik Koyii GB da Cukurdren Fayr dogu segmenti a) 1 ve 2 nolu fay diizlemleri ve diizlem tizerinde
kayma cizikleri b) 1 ve 3 nolu fay diizlemleri ve diizlem tizerinde kayma cizikleri ¢) Asal gerilme eksenleri (o1, 62
ve 63) sirastyla €.1) 267°/68°, 61°/20°, 155°/9° Sol yanal atim bileseni yiiksek, dogrultu atimh fay c.2) 9°/8°,
138°/77°, 277°/10° Oblik fay ¢.3) 179°/79°, 271°/0°, 1°/11° Normal fay

Hesaplanan degerler Adagal Deresi'nde Cukuréren Fayr Dogu Segmenti’nin ilk evrede KB — GD dogrultusunda
gerilme etkisi ile yanal bileseni yiiksek sol yanal dogrultu atimli (Sekil 8 c) ikinci evrede KB — GD gerilme, KKD —
GGB dogrultusunda sikisma etkisi ile sag yanal bileseni diisiik, egim atimli, oblik karakterde, son evrede, K-G saf
gerilmenin etkisi ile normal fay karakterinde hareket ettigini géstermektedir.

Yesilyurt ile Alagayir mevkii arasinda 11 km uzunlugunda kademeli (en-echelon) dizilimli fay zonu seklinde
uzanmaktadir. Oysu Koyt girisinde (Sekil 9) Arica formasyonu [8], killi kiregtaslari ile koliivyal ¢okeller arasinda
fayli bir dokanak vardir. Fay diizlemi {izerinde kayma yiizeyinden 6lgiilen kinematik veriler ve (Sekil 9 b) de verilen
degerlere gore hesaplanan asal gerilme eksenleri (o1, 62 ve 63) sirastyla 91°/65°, 279°/24°, 188°/3° (y6nlem/dalim)
olarak elde edilmistir. Hesaplanan degerler KD - GB yoniinde gerilmenin etkisi ile oblik atimli normal fay gelistigini
gostermektedir.
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Sekil 9. Cukuréren Fayr dogu segmenti a) Oysu Koyii girisinde oblik atimli normal fay, b) Kayma yiizeyi kinematik
Olciimlerine gore yapilan paleostres diyagrami.

Oysu Koyt giineyi Cukuréren Fayr dogu segmenti kayma yiizeyinde 6lgiilen kinematik verilere ve (Sekil 10 b) de
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verilen degerlere gore hesaplanan asal gerilme eksenleri (o1, 62 ve 63) sirasiyla 159°/41°, 335°/49°, 67°/2°
(yonlem/dal1) olarak elde edilmistir. Hesaplanan degerler KD - GB gerilme, KB - GD yoniinde sikismanin etkisi ile

sag yanal dogrultu atimh fay gelistigini gostermektedir (Sekil 10).

b

‘S| ™o\ sag yanal
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| S egim atimh

Sekil 10. Cukurdren Fayr dogu segmenti Oysu Koyii glineybatisi a) Fay diizlemindeki kayma ¢izikleri b) Kayma
yiizeyi kinematik 6l¢iimlerine gore yapilan paleostres diyagrami

Oysu Koyii giineyi, Cukurdren Fayr dogu segmenti kayma yiizeyinde dlgiilen kinematik verileri ve (sekil 11.b) de
verilen degerlere gore hesaplanan asal gerilme eksenleri (o1, 62 ve 63) sirastyla 179°/55°, 352°/31°, 84°/3°
(yonlem/dalim) olarak elde edilmistir. Hesaplanan degerler KD - GB yoniinde gerilmenin etkisi ile oblik atimli normal

faylanma gelistigini gostermektedir (Sekil 11).

‘S| ™o\ sag yanal

= 8y # 0, X O, Ao,
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Sekil 11. Oysu Koyt giineyi Cukurdren Fayr dogu segmenti a) Kayma yiizeyi fay cizikleri b) kayma yiizeyi
kinematik 6l¢iimlerine gore yapilan paleostres diyagrami
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Oysu Koyii gilineyi Sorkun Deresi'nde Cukuréren Fayr Dogu segmentinde fay diizlemi lizeindeki kayma
cizgilerinden alnan kinematik verilere ve (Sekil 12. b) de verilen degerlere gore hesaplanan asal gerilme eksenleri
(o1, 62 ve 63) sirastyla 332°/68°, 167°/21°, 75°/5° (y6nlem/dalim) olarak elde edilmistir. Hesaplanan degerler KD -

GB yo6niinde gerilmenin etkisi ile oblik atimli normal fay gelistigini gostermektedir (Sekil 12).

S| N\ sag yanal
.-‘1_3 0 % 0, Xo, AOC,
N

\ ol ® genisleme ¥ sikisma
E| oy egim atiml »

Sekil 12. Oysu Koyii Sorkun Deresi Cukuréren Fay1 Dogu segmenti a) Fay diizlemindeki kayma ¢izikleri b) Kayma
yiizeyi kinematik dl¢iimlerine gore yapilan paleostres diyagrami

Yesilyurt Koyii gilineyi eski orman deposunun yakininda Cukuréren Fayi’na ait diizlemler goriilmeye
baglanmaktadir (Sekil 13 a). Fayin K70°B dogrultu ve K70°B egim degerini verdigi rake agisi 26°GD sag yanal
bileseni yiiksek ve sag yanal dogrultu atimli oldugu gozlemlenmektedir. Fay zonu o6niinde gelismis koliivyal

malzemeler belirgindir (Sekil13 b).
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Sekil 13. Cukuoren Fay1 a) Yesilyurt Koyl giineyinde fay diizlemleri, b) Koliivyal ¢okeller ¢) Fay diizlemindeki
kayma ¢izikleri, d) Kayma yiizeyi kinematik 6lgiimlerine gore yapilan paleostres diyagrami. Fay diizlemleri
iizerindeki kinematik gostergeler, sag yanal dogrultu atimli karakterinde oldugunu gostermektedir.

Yesilyurt Kéyii’nde Cukuréren Fay diizlemi tizerinde sag yanal dogrultu atima ait fay ¢izigi seti (Sekil 13 c) ve
(Sekil12 b) ile hesaplanan sonuglara gore asal gerilme eksenleri (o1, 62 ve 63) sirastyla 165°/62°, 339°/27°, 70°/3°
(yonlem/dalim) olarak elde edilmistir. Hesaplanan degerler Cukuréren Fayi’nin Yesilyurt Kdyii’niin giineyinde DKD
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— BGB yonlii gerilme ve KKB — GGD yonlii sikisma kuvvetlerinin etkisinde kaldigini géstermektedir.

3. Ashhanlar Fay1: Geometrisi ve Kinematik Ozellikleri

Aslihanlar Fay1 Yesilyurt dogusunda genislemeli bir biikliim ile Cukuréren Fayi’ndan ayrilir. 5 km uzunluga ulasan
fayin bu boliimii KKB-GGD dogrultuludur ve egim atim bileseni yiiksektir. Az oranda sag yanal bileseni vardir. Bu
durum Aslihanlar K&yt 6niinde gelisen ¢ek — ayir havza benzeri ¢okiintiiye neden olmustur. Aslihanlar Fayr Yiiyliik
ile Kiigiik Aslihanlar arasinda 10 km uzunlugunda sag yanal bileseni yliksek ¢izgisel bir segment seklinde uzanir. Fay
Biiyiik Aslihanlar ile Agagkoy arasinda K70°B dogrultusuna ve sag yanal dogrultu atimli karakterine déniis yapar.
AgacgkoOy - Yalova mevkii arasinda gozlenen fay bresleri ve faya ait Glgiilen 22 derecelik sapma (rake) agilari
Aslihanlar Fayi’nin benzer dogrultuda ve karakterde Kiiclik Aslihanlar’a kadar devam ettigini gostermektedir.

Yesilyurt ile Alagayir mevkii arasinda 11 km uzunlugunda kademeli (en-echelon) dizilimli fay zonu seklinde
uzaniyor. Her iki fay zonu arasindaki baglantiyr saglayan bolim 4 km uzunlugunda olup bu fayin egim atim bileseni
sag yanal dogrultu atim bileseninden daha biiyiiktiir. Sag yanal dogrultu atimli faydaki saga biikiilmenin neden oldugu
geniglemeli biikliim bir ¢okiintii alan olugsmasina neden olmustur.

Aslihanlar Fay1 Yesilyurt-Agackoy arasinda kuzeydoguya bakan bir yay geometrisine sahiptir (Sekil 2) Bu alanda
kuzeyde K10°-20°B arasinda bir gidis sunar. Bu dogrultu tizerindeki fay diizlemi kayma agilar1 65°-70° dl¢iilmiistiir
(Sekil 14 a) Kinematik 6lgtimlerde egim atim bileseni yilksek oldugu i¢in, biikiilmenin gergeklestigi bu baglant1 oblik
atimli normal fay karakterindedir. Fay diizlemi kayma yiizeyi fay ciziklerinden (Sekil 14 a) alinan kinematik verilere
gore hesaplanan asal gerilme eksenleri (o1, 62 ve 63) sirasiyla 337°/48°, 192°/36°, 88°/18° (yonlem/dalim) olarak
elde edilmistir. Bu degerler Aslihanlar Fayi’nin saga biikliim yaptig1 bolgede fay iizerinde etkili olan gerilme rejiminin
DKD — BKB yonlii saf genisleme seklinde oldugunu géstermektedir (Sekil 14 b).
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Sekil.14. Aslihanlar Fay1 a) Genislemeli biikliim yerinde fay diizlemi ve kayma ¢izikleri b) Kayma ylizeyinde
kinematik ol¢iimlere gore yapilan paleostres diyagram.

Agackoy - Biiyiik Aslihanlar arasinda basamakli dizilim gosteren fay zonu iginde ana faya yaklasik dik konumlu
diizlemler {izerinde yapilan ol¢iimlerde (Sekil 15 d-€) rake ag1 degerleri 22° ve altinda ¢ikmustir. Buradaki kinematic
gostergeler sol yanal atimli faylanmaya isaret etmekteddir. Bu durumda, 6lgiilen fay diizlemleri ana fay zonu igindeki
ridel kiriklart olarak degerlendirilmistir.
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e g

Sekil 15. Agackoy Fay Zonu a) Agackoy - Biiyiikaslihanlar aras1 KD yoniinde basamakli yap1 b) Fay zonlart
arasinda gozlenen fay bresleri arazi goriintiisii ¢) Dere yataklarinda sag yanal yonde 6telenmeler d) Fay diizlemi
tizerinde 6lgiilen kayma ¢izikleri ) Kayma yiizeyi kinematik 6l¢iimlerine gore yapilan paleostres diyagram.
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4. TARTISMA ve SONUCLAR

Cukuréren Fayr onceki ¢alismalarda Yesilyurt Fay zonu igindeki egim atimli normal bir fay segmenti olarak
tamimlanmistir [13]. Bu ¢alismaya gore, Cukurdren fayr yaklagik 5 km uzunlugunda, D—B-gidisli, giineye dikge
egimli normal bir fay olup, yaklasik 0.2 km genislikte ve 3.5 km uzunlugundaki Pliyo—Kuvaterner yaslt Cukuréren
grabenini kuzey kenar1 boyunca smirlar ve denetler. Bunun yaninda MTA’nin hazirladigi Tiirkiye Diri Fay
Haritasi’nda Cukurdren Fayi ve Aslihanlar Fayi sag yanal dogrultu atiml fay seklinde yeniden tanimlanmistir [1,6,7].
Buna gore, Cukuréren Fayi, 29 km ve 18 km uzunlugundaki sag yanal dogrultu atimli iki segmentten yapilidir.
Aslihanlar Fayr ise, Cukurdren Fayi’nin dogu kisminda yer alan 15 km uzunlugundaki fay olarak tanimlanmistir.
Tarafimizdan yapilan haritalama ¢aligmalar1 ve kinematik analiz sonuglar1 Tiirkiye Diri Fay haritasi [1,6,7] n1 dogrular
niteliktedir.

Caligmamiza gore, Cukurdren Fayi bati ve dogu segment olarak adlandirilan iki ana segmentten olusmaktadir.
Bati1 segmenti Akkaya - Gokler arasinda yaklasik 19 km lik bir uzunluktadir. Segment {izerinde korunmus fay
diizlemleri iizerinde alman kinematik ol¢iimlerin analizi sonucu, K70°B dogrultusunda sag yanal atimli faya isaret
etmektedir. Gokler beldesi kuzeyinde dere yataklarindaki 6telenmeler, Goyniik, Oysu ve Yesilyurt arasinda fay
ontinde gelisen koliivyal ve aliivyal yelpaze ¢okelleri Cukurdren Fayi’nin aktif oldugunun bir gostergesidir.

Cukuréren Fayi’'nin dogu segmenti sikismali bir biikliim ile bati segmentinden ayrilir ve Goyniik - Yesilyurt
arasinda yaklagik K60°B dogrultusunda 29 km boyunca devam eder. Yesilyurt dogusundan itibaren 5 km uzunluga
varan genislemeli bir biikliim ile baslayan Aslihanlar Fay: ise, Agackdy-Kiiglik Aslihan arasinda 10 km boyunca
K70°B dogrultusunda sag yanal dogrultu atim karakterli ¢izgisel bir gidis sunar. Kinematik veriler her iki fay tiiriiniin
de KKB-GGD dogrultulu sikisma ve BGB-D-KD dogrultusundaki genisleme kuvvetleri etkisinde gelisen bir
makaslama zonu iginde kaldigini gostermektedir (Sekil 16).

wp

Genislemeli biikliim

Sekil 16. Cukuréren Fayr ve Aslihanlar Fayi’nin kinematik iliskisini gésteren faylanma modeli.

Ozellikle Cukurdren Fayr dogu segmenti iizerinde gdzlenen reaktivasyon bulgular1 bélgesel &lgekte yapilan
galigmalarla uyumlu olacak sekilde farkli zamanlardaki deformasyon evrelerini tanimlamaktadir [14].

Haritalanan fay segmentlerinin uzunlugu ile segmentlerin olusturabilecegi maksimum deprem bilyiikligii
arasindaki iligkilere gore, Cukuréren Fayi’nin bati segmenti 6.5; dogu segmenti 6.8; Aslihanlar Fayr ise 6.5
biiyiikliigiinde deprem iiretme potansiyeline sahiptir. Benzer kinematik 6zelliklere sahip bu iki fayin beraber kirilmasi
halinde ise, olusabilecek maksimum deprem biiyiikligii 7.2 olarak hesaplanmigtir. Elde edilen bulgular Simav,
Kiitahya, Usak ve Afyonkarahisar’in arasinda kalan Cukurdren Fayi ve Aslihanlar Fayi’nin bolge i¢in énemli bir
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sismik kaynak olduguna isaret etmektedir.
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Oz

Dort yeni Zn(IT) kompleksleri {[Zn(Hssal)(X)2(H20)2] {Hsssal: 5-siilfosalisilik asit, X = 5 i¢in 2-amino-4-metilpiridin (1), 6 i¢in
2-amino-3-nitro-4-metilpiridin (2) ve (HX)2[Zn(Hssal)2(H20)2] X = 7 i¢in 2-amino-4,6-dimetilpiridin (3), 8 icin 2-amino-4-
kloropiridin (4)} sentezlendi ve yapilari element analiz, AAS, IR, molar iletkenlik ve manyetik duyarlilik ile 6nerildi. IR ve
iletkenlik analizleri sonucunda 5 ve 6 nolu metal komplekslerinin iyonik olmadigi, 7 ve 8 nolu metal komplekslerinin ise iyonik
oldugu gézlenmistir. Bu sonuglart AAS ve elementel analiz de desteklemektedir. Manyetik duyarlilik ¢alismalarinda Zn(II) (d*°)
metal komplekslerinin beklendigi gibi eslesmemis elektron tagimadiklart gbzlenmistir. Yapilan spektroskopik analiz sonuglarinda
tiim komplekslerin (5-8) oktahedral yapiya sahip olduklar1 dnerilmistir.

© 2023 DPU All rights reserved.
Anahtar Kelimeler: 5-Siilfosalisilik asit; 2-aminopiridin; Zn(I1) kompleksi; oktahedral yap:.
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Synthesis and characterjzation of Zn(ll) complexes containing 5-sulfosalicylic acid
y anof 2-amino 4-s )stltueByrlgme erlvategs y

Abstract

Four new Zn(1l) complexes {[Zn(Hssal)(X)2(H20)2] (H3ssal: 5-sulfosalicylic acid, X = 2-amino-4-methylpyridine (1) for 5, 2-
amino-3-nitro-4-methylpyridine (2) for 6 and (HX)2[Zn(Hssal)2(H20)2], X = 2-amino-4,6-dimethylpyridine (3) for 7, 2-amino 4-
chloropyridine (4) for 8} were synthesized and its structures were proposed by elemental analysis, AAS, IR, molar conductivity
and magnetic susceptibility. The results of IR and conductivity analyses, it was observed that 5 and 6 metal complexes were non-
ionic, while 7 and 8 metal complexes were ionic. AAS and elemental analysis tests also support these results. In magnetic
susceptibility studies, it was observed that Zn(I1) (d10) metal complexes did not carry unpaired electrons as expected. The results
of the spectroscopic analysis of complexes 5-8 have an octahedral structure.

© 2023 DPU Al rights reserved.

Keywords: 5- Sulfosalicylic acid, 2-aminopyridine, Zn(Il) complex, octahedral structure.
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1. Giris

Son yillarda yapilan ¢aligmalar 2-aminopiridin tiirevlerinin metal iyonlarma NH: veya N atomlaridan baglandig:
[1,2] ve antiinflamatuar, antiviral, antikonviilsan, antihistaminik, antifungal, antibakteriyel, antiparazitik, kardiyotonik
ve analjezik gibi bir¢cok biyolojik aktiviteye sahip oldugu gorilmektedir [3]. 2-Aminopiridin tirevleri azot
atomlarindan bir veya iki disli olarak metal iyonlarina baglanmaktadir [4].

5-Siilfosalisilik asit (Hszssal) ve anyonlarinin olusturdugu metal komplekslerin antifungal, antimikrobiyal,
antimutagenik, antidiyabetik, antitimor ve antiinflamatuar aktiviteleri vardir [5,6]. Bu formlar metal iyonuna bir, iki,
ti¢ ve ¢ok disli ligandlar olarak koordine olabilmektedir [7].

5-Siilfosalisilik asitin gecis metal kompleksleri ile olusturdugu bilesikler incelendiginde en ¢ok Cu(Il) metali ile
kompleks olusturdugu gézlenmistir [7]. Cinko metali ile yapilan ¢aligmalar incelendiginde; basit Zn(11) kompleksleri
[8-17] ile 1,4-bis(1H-imidazol-1-il)benzen [18,19], benzohidrazit [20], 1,1'-(1,4-biitandiil)bis(imidazol) [21],
metakrilik asit [22], 4,4'-dipiridi siilfit [23], 2-fenil-1H-1,3,7,8-tetraazasiklopenta[1]fenantren [24], 2,2'-bipiridin [25],
nitrilotriasetik asit [26], 1,10-fenantrolin [27,28] ve tris(2-aminoetil)amin ile Zn(IT) kompleksleri sentezlenmis ve
yapilart ¢esitli analiz yontemleri ile agiklanmigtir. Bu ¢aligmalarda Zn(Il) komplekslerinin antiferromanyetik [29],
terlemeyi Onleyici [16,17], antiseptic [23], antibakteriyel [27] ve antifungal [11,27] 6zellikleri galigilmustir.

Bu ¢aligmada, 5-siilfosalisilik asit (Hsssal) ile 2-amino-4-siibstitiiepiridin tiirevlerinin dort yeni Zn(II) kompleksleri
{[Zn(Hssal)(X)2(H20),] {X =5 igin 1 ve 6 i¢in 2} ve (HX)[Zn(Hssal)2(H20).] X = 7 igin 3 ve 8 i¢in 4} sentezlendi
ve yapilari element analiz, AAS, IR, molar iletkenlik ve manyetik duyarlilik analizleriyle 6nerildi. Yapilan analizler
sonucunda komplekslerin hepsinin oktahedral yapiya sahip oldugu gézlenmistir.

2. Deneysel ¢cahsma
2.1. Materyal
Kimyasal maddeler Merck firmasindan temin edilmistir. AAS analizi i¢in Perkin Elmer PinAAcle 900T, molar

iletkenlik i¢in WTW Cond 315i/SET, Elementel analizi igin Elementar Vario Il EL, manyetik duyarlilik i¢in

Sherwood Scientific Magway MSB MK1 ve IR analizi i¢gin BRUKER OPTICS VERTEX 70 cihazlar1 kullanilmustir.
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2.2. Bilesiklerin sentezi

2 mmol (0.508 g) Hsssal.2H,O, 2 mmol piridin tiirevi (5 i¢in 0,2162 g 1, 6 i¢in 0,3063 g 2, 7 igin 0,2442 g 3 ve 8
i¢in 0,2571 g 4) ve 2 mmol (0,4390 g) Zn(CH3;COO),.2H,0 bilesikleri 100 mL sicak su:etanol (1:1) igerisinde oda
kosullarinda 5 giin karistirildiktan sonra reaksiyon ortaminda ¢oken beyaz (5, 7 ve 8) ve sar1 (6) katilar siiziildii ve
kurutuldu (5 i¢in 0,3737 g, %70 verim, e.n: >350 “C, 6 igin 0,4367 g, %70 verim, e.n: >350 °C, 7 i¢in 0,4291 g, %55
verim, e.n: >350 °C ve 8 i¢in (0,4757 g, %60 verim, e.n.: >350 ‘C) (Sekil 1).

3. Bulgular ve tartisma
3.1. AAS ve elemental analiz sonuglar

5-8 Nolu komplekslerin AAS ve elemental analiz sonuglar1 % deneysel(teorik); 5 igin (C19H21N4OsSZn) C,
42,70(42,75); H, 4,50(4,53); N, 10,50(10,49); S, 6,00(6,01); Zn, 12,20(12,25); 6 icin (CigH22N1012SZn) C,
36,60(36,58); H, 3,50(3,55); N, 13,50(13,47); S, 5,15(5,14); Zn, 10,50(10,48); 7 igin (CzsH3aN4014S:Zn) C,
43,10(43,11); H, 4,50(4,39); N, 7,20(7,18); S, 8,15(8,22); Zn, 8,50(8,38) ve 8 i¢in (CaH24Cl2N4014S22Zn) C,
36,40(36,36); H, 3,10(3,05); N, 7,00(7,07); S, 8,15(8,09); Zn, 8,30(8,25) olarak bulunmustur. Bu sonuglara gore
metal:Hsssal:aminopiridin oran1 5 ve 6 igin 1:1:2 ve 7 ve 8 i¢in 1:2:2 seklinde bulunmustur.

H,C
/ AN NH,
—N
X NH HN . OH,
_______ YA,
x—r/ NS o
H,C N \ H0
\ / — o
H,C
X=H 1 OH
0 X=No, 2
S
oH VA
d
X=H 5
X=NO, 6
HO.S on | Zn(CH,CO0),
NH
? 0 0
Hjssa —
o, Mo
X \ N NH, AN
/ OH i OH
Y N o—l e | \‘o l o
X NH = OH, =
L >
\_ 7/ | |
X=CH; Y=CH; 3 0 0
X=CL Y=H 4 Yy "2

X=CHy; Y=CH; 7
X=Cl, Y=H 8

Sekil 1. Zn(11) komplekslerinin (5-8) sentezi.
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3.2. IR sonuglar

Tablo 1. Komplekslerin (5-8) IR bantlar1 (cm™?).

5 6 7 8
v(O-H) 3553(y) 3562(y) 3552(y) 3567(y)
3457(y) 3461(y) 3462(y) 3424(y)
v(N-H) 3394(os) 3407(os) 3418(os) 3336(0s)
3262(os) 3208(os) 3245(0s) 3213(os)
v(C-H)ar 3124(z) 3091(z) 3090(z) 3074(z)
v(C-H)ar. 2925(z2) 2953(z) 2968(z) -
2854(z) 2924(z) 2924(z)
2735(2) 2859(z) 2855(z)
v(N*-H) - - 2716(2) 2714(2)
2557(z) 2594(z)
¥(C=0) 1620(s) 1644(s) 1679(s) 1671(s)
1440(s) 1459(s) 1473(s) 1483(s)
V(C=C)fen. 1557(s) 1556(s) 1559(s) 1553(s)
v(C=N) 1587(s) 1610(s) 1640(s) 1639(s)
v(C=C) 1512(s) 1535(s) 1613(s) 1612(s)
1470(s) 1514(s) 1525(s)
1422(s) 1431(s)
v(C-0) 1370(s) 1383(s) 1381(s) 1384(s)
1238(s) 1249(s) 1261(s) 1257(s)
1068(s) 1087(s) 1087(s) 1087(s)
v(S=0) 1269(s) 1270(s) 1227(s) 1298(s)
1149(s) 1157(s) 1156(s) 1157(s)
1118(s) 1123(s) 1132(s) 1129(s)
v(py) 786(s) 744(s) 741(s) 791(s)
v(M-0) 592(z) 582(z) 604(z) 589(z)
v(M-N) 425(2) 443(2) - -

*y: yayvan, z: zayif, os: orta siddetli, s: siddetli

5-8 Nolu komplekslerin IR spektrumlar1 degerleri Tablo 1’de verilmistir. Baglangi¢ maddelerinin v(N-H) gerilme
titresimleri 3175-3443 cm™? [30] araliginda gozlenirken, 5 kompleksinde 3394 ve 3262 cm™, 6 kompleksinde 3407 ve
3208 cm', 7 kompleksinde 3418 ve 3245 cm?® ve 8 kompleksinde 3336 ve 3213 cm™’de goriilmektedir.
Komplekslerdeki asimetrik/simetrik v(C=0) gerilme titresimleri 5 kompleksinde 1620 ve 1440 cm™, 6 kompleksinde
1644 ve 1459 cm™, 7 kompleksinde 1679 ve 1473 cm! ve 8 kompleksinde 1671 ve 1483 cm™’de gdzlenmistir. Bu
degerler arasindaki farklar sirasiyla 180, 185, 203 ve 192 asit ligandlarinin karboksilat gruplari metal atomlarma tek
disli olarak baglandigini gostermektedir [31]. 5-8 Nolu komplekslerin yapilarinda bulunan fonksiyonel gruplarin dalga
sayilari, 5 igin 425 cm™ v(M-N), 6 igin 443 cm™ v(M-N), 582-604 cm™* v(M-0), 741-791 cm* piridin halkasi, 1118-
1270 cm™ v(S=0), 1068-1384 cm™ v(C-0), 1422-1639 cm™* v(C=C)/v(C=N), 2557-2716 cm v(N*-H) gerilmeleri (7
ve 8 icin) [32], 2795-3016 cm alifatik v(C-H) (5-7 igin), 3074-3124 cm* aromatik v(C-H) ve 3424-3567 cm™ v(O-
H) gerilme titresimleri araliklarda gozlenmistir.

3.3. Manyetik duyarlilik sonuglart

Komplekslerin manyetik duyarlilik testi sonuglarinda diyamanyetik oldugu bulunmustur. Bu sonuglar metal
iyonun eslesmemis elektron igermedigini (Zn?*, 3d'%) gostermektedir.

3.4. Molar iletkenlik sonuglar

DMSO c¢ozeltisinde (10 M) alman iletkenlik dlgiimleri 5 igin 6,5 pS/cm, 6 igin 4,3 uS/cm, 7 igin 65,0 uS/cm ve
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8 i¢in 50,2 uS/cm olarak bulundu ve bu sonuglar 5 ve 6 komplekslerinin iyonik olmadigmi ve 7 ve 8 komplesklerinin
ise 2:1 iyonik oldugunu gostermektedir [33].

4. Sonuclar

Bu c¢aligmada 2-amino-4-substitiiepiridin tiirevleri ve 5-siilfosalisilik asitin  Zn(Il) kompleksleri (5-8)
sentezlenmistir. Sentezlenen bilesiklerin yapilari, ¢esitli spektrokopik analiz yontemleri ile 6nerilmistir. Elde edilen
komplekslerde elementel analiz ve AAS sonuglarinda, teorik ve deneysel degerler benzerdir. Bilesiklerin IR
spektrumu incelendiginde NH;’den kaynaklanan pikler gozlenmistir. 7 ve 8 nolu komplekslerde azot atomunun
protonlanmast ile v(N*-H) pikleri gozlenirken 5 ve 6 nolu komplekslerde bu pikler gozlenmemistir. Bu durumda 2-
aminopiridin tlirevlerinin 5 ve 6 komplekslerinde metal iyonuna baglandigi, 7 ve 8 komplekslerinde ise tamamlayici
iyon seklinde bulundugu gériilmektedir. Bu sonuglar1 molar iletkenlik testleri de desteklemektedir. iletkenlik testleri
sonucunda 5 ve 6 iyonik olmayip 7 ve 8 iyonik komplekslerdir. Metal komplekslerinin manyetik duyarlilik calismalar1
sonucunda Zn(ll) (d*°) metal komplekslerinin beklendigi gibi eslesmemis elektron tasimadiklar1 gdzlenmistir.
Spektroskopik analiz sonucunda komplekslerin oktahedral yapiya sahip olduklari 6nerilmistir.
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