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DIFFERENTIAL SCANNING CALORIMETRY:
APPLICATIONS IN DRUG-MEMBRANE
INTERACTIONS

Ziileyha OZCELIK CETINEL!

1. INTRODUCTION

Calorimetry represents one of the most significant
techniques for the measurement of thermal phenomena. It is the
principal technique employed to ascertain the thermal
characteristics of constituents, thereby establishing a correlation
connecting temperature and the certain physical assets of
materials. Furthermore, it is the sole technique by which the
enthalpy linked with the method of interest can be directly
determined (Privalov and Potekhin,1986; Hohne et al., 1996).

Calorimeters are a common tool in a number of scientific
disciplines, including chemistry, biochemistry, cell biology,
biotechnology, and pharmacology. Just, they have also been
employed in nanoscience, where they are used to quantify the
thermodynamic properties of biomolecules and nano-sized
objects (Even et al.,1997; Lin et al.,1993; Protasevich et al.,1997;
Ladbury and Chowdhry,1996; Von Stockar and Marison, 2005;
Weber and Salemme, 2003; Varhese et al.,2008).

Among the various types of calorimeters, differential
scanning calorimetry (DSC) is a particularly popular one. A DSC
Is a thermal analysis instrument that is used to measure the
physical characteristics of a given sample as a function of time
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and temperature. In essence, the instrument is a device used to
analyse thermal properties and heat transfer characteristics of a
material undergoing phase transitions, providing data on
temperature and heat flow variations over time and temperature.
In the case of a change in temperature, DSC is capable of
measuring the quantity of excess heat emitted or absorbed by the
sample in question, on the basis of the temperature differential
between the sample and the reference material (Zambrano et
al.,2024).

2. TYPES OF DSC DEVICE

DSC devices can be classified into two distinct categories:
those that utilise heat conduction and those that employ power
compensation.

2.1.Heat Conduction Calorimeters

Thermal equilibrium is maintained within the calorimetric
vessel via the utilisation of a heat flow sensor positioned on a heat
sink. The heat sink is typically composed of a thermostatically
controlled bath at a constant temperature. The sample and the
reference cells are indirectly subjected to the processes of heating
and cooling via the medium of the heat sink, which serves as the
point of contact (Figure 1a).

It is permitted for the heat generated or dissipated as a
result of the calorimetric reaction to transfer to or become
integrated with the heat sink that is situated in the surrounding
environment. The thermopile is the instrument most frequently
used to measure heat flow, situated in the configuration as shown
link the sample cell and the heat sink. The disparity in temperature
among the sample, reference cells, and associated heat sink gives
rise to the generation of an electrical current across the
thermopile. The proportion of power output produced by the heat
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flow measuring device is directly correlated with the heat flow
from the calorimetric vessel to the heat sink. It can be observed
that the calorimeters in consideration exhibit a notable time
constant with respect to the measuring system. It is therefore
imperative to function at exceedingly slowed scan ratios in order
to preserve thermal balance (Canadas and Casals,2013).

2.2.Power Compensation Calorimeters

The sampling and reference cells are encased in a
thermally insulated jacket that maintains a temperature
approximately 10-20°C lower than that of the vessel in which the
calorimetric process is conducted. The reference and sample cells
are exposed to heating (or cooling) via the utilisation of
independent heat sources (Figure 1b). The temperature of the cells
is regulated by the continuous adjustment of the power provided
to an electric heating medium which is situated inside the vessel.
At the commencement of the trial, the freezing capacity is in
equilibrium with electrical heat.

To keep the required procedure temperature, the electrical
power is regulated in accordance with the occurrence of the
calorimetric result. The variation in electrical power between the
initial measurement point and any ensuing interval is directly
related to the heat admitted or emitted by the calorimetric
procedure. The calorimeters demonstrate a significantly reduced
reaction time and perform at substantially quicker scan ratios than
heat transfer devices (Canadas and Casals, 2013).
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Figure 1. A variety of differential scanning calorimeters are
available, (a) heat conduction calorimeters and (b) power
compensation calorimeters
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Source: (Canadas and Casals,2013).

3. THEORETICAL FUNDAMENTALS OF DSC

DSC is a thermoanalytical method that allows for the
calculation of the differential heat flow (Aq) through a sample in
comparison to a reference sample, as a function of temperature
(T). This definition is expressed by the following equation (1):

Aq = Qsample — Qreference (1)

In this context, the term "Qgsample” denotes the heat flow
focused toward the sample, whereas the term "Qreference” Signifies
the heat flow targeted toward the reference point. In DSC, the heat
capacity, Cp, is a crucial physical property that must be
considered. The term is expressed as the quantity of heat,
represented by the variable g, that is required to elevate the
temperature of the sample, T, by a specified increment, AT.
Equation 2 provides the mathematical expression for the heat
capacity.
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In DSC examination, the sample and reference are
exposed to a precisely regulated process that is contingent upon
the thermodynamic transition rates, which are determined by
exothermic or endothermic changes. The rate of transition is
expressed as the change in temperature (AT) relation to the
variation in time (At). This is derived from equation 3:

B="% ®3)

The discrepancy in heat flux (Aq) among the specimen
and the control may be ascribed to a plethora of processes
occurring within the specimen, including phase changes, physical
modifications, and chemical reaction. In the event that these
procedures are endothermic (heat-absorbing), the peak in the
DSC thermogram will be oriented in an upward direction. In the
event that the process may be exothermic (i.e. heat is released),
the peak in the DSC thermogram will be downward (Candas and
Casals,2013).

DSC is employed to ascertain the heat capacity at constant
pressure (Cp) of the specimen solution in comparison to the
reference substance, which is typically the identical buffer
utilised in the formulation of the example solution. To ascertain
the calorimetric enthalpy of the transition (AHcal), it is required to
participate the peak of the DSC thermogram.

AHear=[ Cp.dT (4)

The degree of disorder, or entropy, associated with the
transition in question can be determined through the application
of the relevant calculation, as detailed in Equation 5.

_AHcal
Tm

AS (5)

Tm: temperature of main phase transition.
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In the case of a binary transition (A S B), wherein the
symmetry constant K is contingent upon the enthalpy, this can be
expressed by the van't Hoff equality (Equation 6).

The van't Hoff enthalpy, symbolized by AHvn, is defined
as the enthalpy change of a process when a unit mass of a
substance is transferred from the initial state (denoted as A) to a
final state (denoted as B). The gas constant, symbolized by R, is
stated as the ratio of the absolute temperature (in kelvins) to the
universal gas constant.

The alteration in Gibbs free energy that occurs during a
phase transition is dependent upon both enthalpy and entropy.
The relationship between Gibbs free energy (AG?) and enthalpy
and entropy is expressed by equation 7.

AG"= AH-T AS? (7)
AG®= -RTINK (8)
Ink= -4+ 25 9)

It can be demonstrated that the plot of the natural
logarithm of K against 1/T causes a straight line; The slope of the
line represents the negative of the van't Hoff Enthalpy, expressed

0
as a ratio relative to the gas constant (- %). At the point of

intersection between the curve and the axis, the standard entropy
variation is equal to the ratio of the gas constant to the value in

0
question (%).

It should be noted that the linearity observed in this graph
is limited to specific, relatively simple examples and occurs
within a restricted temperature range. In the majority of cases, a
curved shape is observed in van't Hoff graphs as a consequence
of the temperature dependence of AH. A non-linear least squares
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analysis is required to be conducted on the data, utilising the
unified formulation of the van 't Hoff equation (Equation 10).

0_
InE =20t (L 2) g 2y T (10)

Ko R Ty, T R T,

The temperature-dependent change in heat capacity is
represented by AC,. In this context, To represents an arbitrarily
selected reference temperature. The equilibrium constant at this
specified temperature is represented by the symbol Ko. The van 't
Hoff enthalpy, AH°, has been selected at this specified
temperature.

The enthalpy of van't Hoff (AH,) has been defined as the
sum of heat involved per unit of cooperativity for a phase
transition to occur. A comparison of the calorimetric enthalpy
with the van't Hoff enthalpy requires data concerning the nature
of the transition. In the case of a first-order two-state transition,
the enthalpy of van't Hoff is equivalent to the enthalpy of
calorimetric. However, in approaches containing transient phases,
the van't Hoff enthalpy is stated to be less than the enthalpy of
calorimetric. Ultimately, in the presence of oligomers during a
thermotropic transition, the enthalpy of van't Hoff has been
observed to exceed that of the calorimetric enthalpy. The
numerical value of the molecules per cooperative unit is
established through the application of equation 11 (Canadas and
Casals, 2013; Ohline et al.,2001).

CU= vt (11)

AHcqg

4. IMPORTANT THERMODYNAMICAL
PARAMETERS FOR LIPOSOMES

The main transition temperature (Fig. 2a; Tm) is obtained
at the highest of the peak of the heat capacity outline, which
corresponds to the temperature at which the transitions of the
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double layer membrane between the gel and the liquid crystalline
phase occur.

The width of the transition (Figure 2b; ATup),
characterized by the full width at the maximum half of the peak
of heat capacity, provides information on the degree of
cooperativity exhibited by the transition. It is contingent upon the
guantity of molecules engaged in a corresponding transition at the
same time. A narrow distribution of transition times indicates a
high level of molecular cooperation, while a wide transition
indicates a lower level of molecular cooperation.

The enthalpy change (AH) linked to the principal
transition can be determined by subtracting the area below the
heat capacity curve from the total area under the curve. This
calculation provides insight into the energy necessitated by the
transition (Figure 2b). This phenomenon is linked to the intensity
of the van der Waals forces that act upon the fatty acid chains of
the lipids (Hatziantoniou et al., 2005).

Figure 2. (a) Representative DSC thermogram illustrating the
thermotropic phase behaviour of a phosphatidylcholine (PC)
bilayer sample; (b) This magnified image of the peak of principal
phase transition in a phospholipid thermogram highlights specific
temperature-related changes in the calorimetric data

b Main transition
temperature, Tm
+
© °
E E
- — oy
2 2 ATin
=3 =3
6] o
Pre-transition Main transition
temperature, T,  temperature, T. AH
Temperature [*C] Temperature [°C]

Source: (Zambrano et al.,2024).
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5. THE THERMOTROPIC BEHAVIOUR OF
PHOSPHOLIPIDS

Synthetic long-chain phospholipids, in their pure form,
undergo a series of transitions at temperatures that are precisely
defined in relation to their structure. The aforementioned
transitions can be classified as follows:

1) The process of transitioning from the gel phase
through to the liquid phase:

This change is rapid and is indicated by the temperature
of the transition (Tm) (Privalov et al.,1975; Tsong,1974).

2) The pre-transition temperature (Tp):

This occurs at a temperature 5-10°C below that of the
main phase transition (Tm). This occurs at a slower rate than the
primary phase transition temperature. This alteration (from gel to
wavy phase) is observed exclusively in the presence of
sufficiently hydrated lipids. This type of transition is particularly
susceptible to the influence of minor contaminant quantities
(Cevc,1991).

3) The subgel transition:

This transition is observed to occur at a very slow rate,
with a temperature of approximately Tm - 30°C. Its molecular
characterisation remains incomplete.

Each of these transitions is characterised by a number of
factors, including the temperature range over which it occurs (Tm,
Tp, Ts), the enthalpy variations of the transformation (AHm, AHp,
AHs), the cleanliness of the structure and the width and form of
the curve of the transition (Biltonen and Lichtenberg,1993).
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6. THE EFFECTS OF TAIL AND HEAD GROUPS
OF PHOSPHOLIPIDS ON THERMODYNAMIC
PARAMETERS (PHASE TRANSITION
TEMPERATURE AND ENTHALPY)

6.1.The Effect of Chain Length on Phase Transition
Temperature and Enthalpy Changes of
Phospholipids

The temperature at which a phospholipid undergoes a
phase transition, with the accompanying enthalpy alteration, is
strongly influenced by the length of its acyl chain. For symmetric
filled 1,2-diacyl PCs, an enhancement of the size of the chain
leads to a rise of Tm by 7-14 °C/carbon atom (Table 1), while the
number of CHz groups leads to an increase in AH® (1-2
kcal/mol/CHz)  (Myers et al.,1987;  Biltonen  and
Lichtenberg,1993).

Table 1. Dependence of phase transition temperature and
enthalpy changes on chain length for 1,2-diacyl-sn-glycerol (3)
phosphocholines in multilamellar vesicles (MLVs)

Acyl chain lenght of the phospholipis Tm (°C) | AH(kcal/mol)
12 -1.1 2.9
14 235 5.9
16 41.4 8.3
18 55.1 10.1
20 61.8 11.9
22 74.0 14.2

Source: (Biltonen and Lichtenberg,1993).

6.2.The Effect of The Head Group of the
Phospholipids on Phase Transition Temperature
and Enthalpy Changes

The significant correlation between Tm and length of the
chain and saturation demonstrates that thermodynamic properties
associated with melting are predominantly influenced by specific
interactions taking place within the gel and liquid crystalline

10
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phase, whereby non-polar acyl chains exert a dominant influence.
Nevertheless, the head groups of phospholipids exert a
considerable influence on the thermotropic behaviour of
phospholipids (Marsh, 1990).

The precise impact of the head group on the transition is
contingent upon the ion strength and the specific composition of
ions present in the solution. Nevertheless, under clearly defined
circumstances, the phase behavior can be reproduced. In solutions
including salt concentrations under 1 M, the replacement of the
choline head group by ethanolamine has been observed to result
in an increase in Tm of 20-30°C and a corresponding increase in
the enthalpy change AH® (Table 2).

The thermotropic phase behaviour of vesicular structures
formed from acidic lipid molecules is dependent upon the
ionisation state of the phospholipid, which in turn is contingent
upon the solution pH. Consequently, for di-Cis PG, the melting
temperature (Tm) shifts from 57 to 41°C while the pH value rises
from 1.1 to 7. Similarly, representing PA and PS, the distinct two
ionisation phases may be observed as the pH value rises (once
more, deprotonation results in a reduction in Tm (Blume and
Tuchtenhagen,1992).

Table 2. The effect of the head group of the phospholipids on the
phase transition and enthalpy of 1,2-di-Cis (16:0)

Abbrevation | Head-Group of Phospholipids | pH | Tm(°C) | AH (kcal/mol)
PC Choline 7.4 414 8.3
PE Ethanolamine 7.4 64 8.5

11 57 8.9

PG Glycerol 70 1 75
L 6.5 67 52

PA Phosphatidic acid 91 58 29
12 43.1 5.7

PS Phosphatidylserine 2 67 8.1

7 54 9.0

. . 13 32 8.0

SM Sphingomyelin 74 413 68
Lyso PC Lyso Choline 7.4 3 4

Source: (Biltonen and Lichtenberg,1993)

11
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6.3.The Changes in Thermodynamic Parameters in
Liposomes Containing Mixed Phospholipids

A significant proportion of samples with practical
implications comprise phospholipids with diverse fatty acid
chains. The introduction of a second lipid element into a system
comprising a single lipid component can result in substantial
modifications to the system's thermotropic behaviour. If the two
lipid mixtures in the system under investigation exhibit similar
thermotropic properties, the behaviour of the diverse system will
be analogous to that of the uncontaminated system, exhibiting an
asymmetric and broadened transition peak (Mabrey and
Sturtevant, 1977).

The specific morphology of the transition peak will be
indicative of the constituents present within the prepared mixture.
The thermotropic behaviour of these binary substances is
typically adequately characterised by straightforward phase
diagrams, which illustrate the correlation between the melting
temperature and the composition.

The leverage principle is a useful tool for determining the
relative proportions of the phases present in the region where two
phases coexist. In most cases, binary and ternary combinations of
phospholipids exhibit a high degree of complexity in their
thermotropic behaviour. The observed behaviour is largely
determined by the specific composition of the preparation and the
methodology employed in its creation. It is so challenging to
provide a comprehensive description of the thermotropic
behaviour of a complex lipid system. Nevertheless, the excess
heat capacity function is replete with information concerning the
characteristics of the transition and may be utilised to great
advantage as an investigative instrument to evaluate the
reproducibility of sample preparation.

12
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This is particularly the case in systems where the
components are prone to either lateral or macroscopic phase
separation. Phase separation can frequently be observed in the
phase of gel. Nevertheless, there exists a considerable
temperature interval within which regions of the liquid crystalline
state, gel state and lipid state coexist, exhibiting compositional
disparities. In the liquid crystalline state, lipids are typically
regarded as reasonably miscible. However, evidence suggests that
dynamic heterogeneity may also occur in such structures (van
Osdol et al., 1992).

7. THE IMPORTANCE OF DSC IN DRUG-
MEMBRANE INTERACTIONS

One of the pivotal techniques employed in the
investigation of interactions between drugs and biological
membranes is DSC. The thermoanalytical technique in question
involves measuring the differential heat flow in a given sample in
comparison to a reference point, with the data presented as a
function of either time or temperature. During the drug-
membrane studies, DSC is utilized to investigate the phase of
thermotropic activities of lipid membranes, with the objective of
elucidating the impact of drug presence on this phenomenon
(Chaires,2008).

Despite the considerable insights offered by DSC into
drug-membrane interactions, the intricate complexity of
biological membranes represents a substantial challenge.
Biological structures are complex, macromolecular assemblies
comprising a diverse array of lipids, proteins, and carbohydrates.
The intricate and multifaceted nature of this subject matter
presents a substantial challenge to the comprehensive
investigation of drug-membrane interactions, regardless of
whether the study is conducted in vivo or in vitro. Researchers

13
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have found it beneficial to utilise simplified models of biological
membranes to progress beyond the limitations of the existing
challenge (Bruylants et al.,2005).

The aforementioned models, which may encompass
everything from simple lipid bilayers to more intricate structures
incorporating proteins and additional elements, provide
researchers with the chance to examine drug interactions with
biological membranes in a more regulated and manageable way.
Phospholipid membranes are one of the most employed
membrane examples in DSC investigates (Balestrieri et al.,1996).

Phospholipids constitute the primary element of
biological membranes. Due to their amphipathic character,
comprising a hydrophilic and hydrophobic part of membranes (a
head group and a fatty acid tail), these molecules are capable of
forming bilayers that closely resemble the structural
configuration of cell membranes. Phospholipids can form an
assembly of structures, each with distinct advantages and
limitations. These include single-layer vesicles (also known as
monolayer vesicles), multilayer vesicles (multilayer vesicles),
and supported lipid bilayers (SLB). Single-layer vesicles offer a
straightforward and uniform platform for investigating drug-
membrane connections. Nevertheless, their diminutive dimension
and monolayer configuration cannot wholly reflect the intricacies
of biological membranes. In contrast, multilayer vesicles (MLVSs)
possess a further intricate formation, and in certain instances, the
presence of numerous layers be able to render the explanation of
DSC data challenging. Single-layer vesicles offer a
straightforward and uniform structure for investigating drug-
membrane interactions. Nevertheless, their diminutive dimension
and unidimensional constitution may not wholly reflect the
intricacies of biological membranes (Carvalho et al., 2020; Chiu
and Prenner, 2011; Gaisford and Buanz,2011; Van Buren et al.,
2022). Conversely, multilayer vesicles (MLVs) exhibit enhanced

14
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stability relative to single-layer vesicles, facilitate more
straightforward preparation and storage, and enable more
accurate interpretation of DSC data (Zambrano et al,2024).

8. CONCLUSION

In conclusion, DSC is a thermal analysis method that is
frequently employed in the pharmaceutical industry for the
determination of a sample's purity, polymorphic forms and
melting point. Although its principal application is in the drug
improvement procedure, DSC is a valuable technique for the
design of lipidic drug delivery systems, such as liposomes. It
allows the cooperation of diverse elements to be determined and
the optimal liposomal composition to be identified.

A significant application of DSC is the investigation of
thermodynamic alterations in lipid bilayers following the
incorporation of a pharmaceutical agent. Such modifications may
be attributed to interactions between the pharmaceutical agent
and its lipid carrier. This process may influence the drug's
bioavailability. The thermodynamic properties of a substance are
of great significance, exerting a profound influence on both the
pharmacokinetics of the drug in question and the long-term
stability of the liposomal formulation under a given set of storage
environments.

15
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LASER-INDUCED GRAPHENE: A NEW
FRONTIER IN MATERIALS SCIENCE

Alper CETINEL!

1. INTRODUCTION

In recent years, the advent of laser-induced graphene
(LIG) has ignited a fervor of research and development across
various scientific and engineering disciplines. This innovative
material, a form of graphene fabricated through the direct laser
scribing of carbon-rich precursors, has rapidly gained recognition
for its remarkable properties, versatility, and potential to
revolutionize numerous applications (Kwak et al., 2024). Laser-
induced graphene is a porous, three-dimensional network of
graphene sheets produced by the rapid heating and carbonization
of a suitable precursor material using a focused laser beam. The
laser energy causes the precursor to undergo a series of
transformations, including pyrolysis, graphitization, and
exfoliation, resulting in the formation of a interconnected
graphene structure (John Jeya Kamaraj et al., 2024). The
morphology, properties, and performance of LIG can be tailored
by controlling various parameters such as laser power, scanning
speed, precursor type, and environmental conditions
(Movaghgharnezhad et al., 2023).

The importance of LIG stems from its unique combination
of characteristics that set it apart from other graphene fabrication
methods. The direct laser writing process allows for the rapid and
maskless fabrication of LIG patterns on a variety of substrates,
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including polymers, ceramics, and even paper (Guo et al., 2023).
This versatility enables the integration of LIG into complex
devices and systems without the need for expensive and time-
consuming lithographic techniques. LIG production can be
readily scaled up for large-area applications, making it a
promising candidate for industrial manufacturing. The ability to
produce LIG on flexible substrates further expands its potential
for applications in wearable electronics and flexible displays. The
porous structure of LIG provides ample opportunities for surface
modification and functionalization, enabling the tailoring of its
properties for specific applications. This opens up new avenues
for the development of LIG-based sensors, energy storage
devices, and biomedical applications (Avinash & Patolsky,
2023).

The unique properties of LIG have led to its exploration
in a wide range of applications, with new possibilities emerging
constantly. The high surface area and electrical conductivity of
LIG make it an attractive material for electrodes in
supercapacitors and batteries. LIG-based electrodes exhibit
excellent electrochemical performance, including high specific
capacitance, long cycle life, and fast charge-discharge rates. LIG's
sensitivity to changes in its environment makes it an ideal
platform for the development of various sensors (Yao et al.,
2023). LIG-based sensors have been demonstrated for the
detection of gases, biomolecules, strain, and temperature. The
ability to fabricate LIG patterns directly on flexible substrates
allows for the development of wearable and conformal sensors.
The biocompatibility and electrical conductivity of LIG have
sparked interest in its use for biomedical applications, such as
neural interfaces, biosensors, and tissue engineering scaffolds.
LIG's ability to promote cell adhesion and proliferation makes it
a promising material for regenerative medicine. LIG's porous
structure and high adsorption capacity make it a potential
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candidate for water purification and air filtration. LIG-based
filters have been shown to effectively remove heavy metals,
organic pollutants, and even bacteria from contaminated water
(Ouedraogo et al., 2023). The ability to fabricate LIG on flexible
substrates opens up exciting opportunities for the development of
wearable electronics, flexible displays, and soft robotics. LIG's
electrical conductivity and mechanical flexibility make it an ideal
material for interconnects, electrodes, and sensors in these
applications (Yang et al., 2023).

2. PRODUCTION METHODS
2.1.Laser Wavelengths and Types

The choice of laser wavelength and type plays a crucial
role in determining the efficiency, quality, and properties of the
resulting LIG.

2.2.Common Laser Wavelengths
2.2.1.1064 nm (Near-Infrared)

This wavelength, often generated by Nd:YAG lasers, is
widely used for LIG production due to its efficient absorption by
many carbon-rich precursors, such as polyimide. The 1064 nm
laser provides a good balance between energy deposition and
penetration depth, enabling the formation of high-quality LIG
with controlled morphology. Many carbon-rich precursors, like
polyimide, readily absorb 1064 nm radiation. This leads to
efficient energy deposition and localized heating at the laser
focus. The moderate penetration depth allows for precise control
over the LIG thickness and morphology. LI1G produced with 1064
nm lasers typically exhibits a well-defined, porous structure with
interconnected graphene sheets. The porosity can be tuned by
adjusting laser parameters like power and scanning speed. The
LIG formed using 1064 nm lasers often shows high electrical
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conductivity due to the efficient graphitization process. This
makes it suitable for applications like electrodes and sensors. The
mechanical properties of LIG produced with 1064 nm lasers are
generally good, with moderate flexibility and strength. This
makes it useful for applications where some degree of mechanical
robustness is required (Mostaccio et al., 2023).

2.2.2.10.6 um (Mid-Infrared)

CO:z2 lasers emitting at this wavelength are also commonly
used for LIG fabrication, particularly for precursors with high
absorption in the mid-infrared region. The longer wavelength of
the CO:2 laser allows for deeper penetration into the precursor
material, facilitating the formation of thicker LI1G structures. CO2
lasers emitting at 10.6 pm are well-absorbed by certain
precursors, especially those with high oxygen content. The longer
wavelength allows for deeper penetration into the material,
leading to thicker LIG structures. LIG produced with 10.6 pum
lasers often has a more layered and less porous structure
compared to that produced with 1064 nm lasers. The increased
thickness can be beneficial for applications requiring high
mechanical strength or improved electrochemical performance.
The electrical conductivity of LIG formed using 10.6 um lasers
can be lower than that produced with 1064 nm lasers, potentially
due to incomplete graphitization or the presence of amorphous
carbon. However, it can still be sufficient for many applications.
The thicker LIG structures produced with 10.6 pum lasers often
exhibit enhanced mechanical strength and stiffness. This makes
them suitable for applications demanding robust mechanical
performance (de la Roche et al., 2023).

2.2.3.355 nm and 532 nm (Ultraviolet and Visible)

These shorter wavelengths, typically generated by solid-
state lasers, are less commonly used for LIG production due to
their lower absorption by many carbon-rich precursors. However,
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they can be effective for specific precursors or applications where
precise control of the LIG morphology is desired. These shorter
wavelengths are less efficiently absorbed by many common
precursors. This can lead to less efficient energy deposition and
lower graphitization efficiency. However, they offer precise
control over the laser spot size, enabling the fabrication of fine
LIG features. LIG produced with UV and visible lasers often has
a less porous and more compact structure compared to that
produced with longer wavelengths. This can be advantageous for
applications requiring high resolution or smooth surfaces. The
electrical conductivity of LIG formed using UV and visible lasers
can vary depending on the precursor and laser parameters.
However, it can be improved through post-processing techniques
like thermal annealing. The mechanical properties of LIG
produced with UV and visible lasers can be influenced by the
resulting morphology and degree of graphitization. Generally,
they exhibit moderate flexibility and strength (Y. Wang et al.,
2023).

2.2.4.450 nm

Utilizing a 450 nm wavelength laser for LIG production
shares certain similarities with the effects observed with UV (355
nm) and visible (532 nm) lasers, but also presents some unique
characteristics due to its position on the boundary between the
visible and UV spectrum. The absorption of 450 nm radiation by
common LIG precursors like polyimide is generally lower than
that of 1064 nm or 10.6 pm but can be higher than for deeper UV
wavelengths like 355 nm. This results in a moderate penetration
depth, offering a balance between precise control of LIG features
and the ability to produce thicker structures compared to deeper
UV lasers. Similar to UV and visible lasers, LIG produced with
450 nm lasers tends to have a less porous and more compact
structure (Coelho et al., 2023). This can be beneficial for
applications where a smoother surface or higher density is
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desired. The moderate penetration depth can lead to the formation
of LIG structures with thicknesses intermediate between those
produced with near-infrared and deep UV lasers. The electrical
conductivity of 450 nm LIG can be influenced by factors like
precursor material, laser parameters, and post-processing
techniques. It may require optimization to achieve high
conductivity comparable to that of LIG produced with 1064 nm
lasers. However, studies have shown that 450 nm LIG can exhibit
good electrical conductivity suitable for various applications,
particularly after post-processing treatments. The mechanical
properties of 450 nm LIG are influenced by its morphology and
degree of graphitization. Generally, it exhibits moderate
flexibility and strength, similar to LIG produced with UV and
visible lasers. The ability to produce thicker LIG structures with
450 nm lasers can potentially enhance its mechanical robustness
compared to deeper UV lasers (Wanjari et al., 2023).

The 450 nm wavelength lies in a region where some
precursors may exhibit photochemical reactions in addition to
thermal effects. This can influence the LIG formation process and
its properties. The interaction of 450 nm laser radiation with the
substrate material needs to be carefully considered, as it can lead
to substrate modification or damage in some cases. Research on
LIG produced with 450 nm lasers is still ongoing, and further
studies are needed to fully understand its unique characteristics
and potential applications. Using a 450 nm laser for LIG
production offers a compromise between the precise control of
UV lasers and the deeper penetration of near-infrared lasers. It
enables the fabrication of moderately thick LIG structures with
less porosity and potentially good electrical conductivity. Further
research and optimization of laser parameters and post-processing
techniques can unlock the full potential of 450 nm LIG for various
applications (Q. Zhang et al., 2023).

26



Fizik

2.3.Laser Types

Pulsed lasers, such as Q-switched Nd:YAG lasers and
pulsed CO2 lasers, are commonly used for LIG fabrication due to
their ability to deliver high peak power in short pulses. This
enables rapid heating and carbonization of the precursor material,
minimizing thermal damage to the surrounding areas (Hong et al.,
2023). Continuous-wave (cw) lasers, such as fiber lasers and
diode lasers, can also be used for LIG production, although they
typically require higher power densities to achieve the same level
of carbonization as pulsed lasers. CW lasers can be advantageous
for applications where large-area or continuous LIG patterns are
desired (Zou et al., 2023).

The optimal laser wavelength and type for LIG fabrication
depend on several factors, including precursor material, desired
lig properties, and substrate compatibility. The absorption
characteristics of the precursor material play a crucial role in
determining the suitable laser wavelength. Precursors with strong
absorption in the near-infrared region are well-suited for 1064 nm
lasers, while those with high absorption in the mid-infrared region
may benefit from COz2 lasers. The desired properties of the LIG,
such as thickness, porosity, and electrical conductivity, can also
influence the choice of laser wavelength and type. Shorter
wavelengths may be preferred for applications requiring fine
features or precise control of the LIG morphology. The laser
wavelength and type should also be compatible with the substrate
material to avoid damage or undesirable interactions (Hong et al.,
2023; L. Wang et al., 2020).

In conclusion, the selection of laser wavelength and type
is a critical consideration in the fabrication of laser-induced
graphene. The most common wavelengths used are 1064 nm and
10.6 um, generated by Nd:YAG and CO: lasers, respectively.
Pulsed lasers are typically preferred for their ability to deliver
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high peak power in short pulses, enabling efficient and controlled
carbonization of the precursor material (Hong et al., 2023; L.
Wang et al., 2020).

The optimal laser parameters for LIG production depend
on various factors, including the precursor material, desired LIG
properties, and substrate compatibility. Understanding these
factors and their interplay is crucial for achieving high-quality
LIG with tailored properties for specific applications. Besides
wavelength, other laser parameters like power density, scanning
speed, and pulse duration also significantly affect the LIG
properties. Optimizing these parameters is crucial for achieving
the desired LIG characteristics. The choice of precursor material
also influences the LIG properties, regardless of the laser
wavelength used. Different precursors exhibit varying degrees of
graphitization and lead to different LIG morphologies. Post-
processing techniques like thermal annealing or chemical doping
can further modify the properties of LIG produced with different
laser wavelengths (H. Liu et al., 2023).

3. APPLICATION AREAS

Laser-induced graphene (LIG) has garnered significant
attention for its potential in a broad spectrum of scientific
applications, owing to its unique properties and versatile
fabrication process.

3.1.Sensors and Biosensors

LIG's high surface area and electrical conductivity make
it sensitive to changes in its environment, enabling the detection
of various gases, including toxic gases and volatile organic
compounds. LIG can be functionalized with biomolecules, such
as antibodies or enzymes, to create highly sensitive and selective
biosensors for the detection of biomarkers or pathogens. LIG's
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electrical resistance changes under strain, allowing it to function
as a flexible and wearable strain or pressure sensor. LIG exhibits
a temperature-dependent resistance, enabling its use as a
temperature sensor with potential applications in healthcare and
industrial monitoring (Wanjari et al., 2023).

3.2.Gas Sensors

LIG's high surface area and electrical conductivity allow
it to readily adsorb gas molecules, leading to changes in its
electrical resistance. By measuring these resistance changes, the
presence and concentration of specific gases can be detected.
LIG-based gas sensors have been demonstrated for the detection
of various toxic gases, such as carbon monoxide, nitrogen
dioxide, and ammonia, with high sensitivity and selectivity. This
enables their use in environmental monitoring, industrial safety,
and even wearable devices for personal protection. LIG sensors
can also detect VOCs, which are emitted from various sources
like paints, adhesives, and cleaning products. This has
applications in indoor air quality monitoring, food safety, and
medical diagnostics, as certain VOCs can be indicative of
diseases(Kwak et al., 2024).

3.3.Biosensors

LIG can be functionalized with biorecognition elements,
like antibodies, enzymes, or DNA probes, which specifically bind
to target biomolecules. The binding event triggers a change in
LIG's electrical properties, enabling the detection of the target
analyte. LIG-based biosensors have been developed for the
detection of various biomarkers associated with diseases like
cancer, diabetes, and infectious diseases. This allows for rapid
and point-of-care diagnostics, potentially enabling early disease
detection and treatment. LIG biosensors can be used to detect
environmental pollutants, such as pesticides, heavy metals, and
toxins, providing valuable information for environmental
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protection and risk assessment. L1G biosensors can be employed
for the detection of foodborne pathogens and contaminants,
ensuring food safety and preventing outbreaks of foodborne
illnesses (Aparicio-Martinez et al., 2023; Wanjari et al., 2023).

3.4.Strain and Pressure Sensors

When LIG is subjected to strain or pressure, its electrical
resistance changes due to the deformation of the graphene
network. This change in resistance can be measured and
correlated to the applied strain or pressure. LIG-based strain
sensors can be integrated into wearable devices to monitor
physiological signals like heart rate, respiration, and muscle
activity, providing valuable health data for individuals and
healthcare professionals. LIG strain sensors can be embedded in
structures like bridges or buildings to monitor their structural
integrity and detect any signs of damage or deformation. LIG
pressure sensors can be used in robotics and prosthetics to provide
tactile feedback, enabling robots and prosthetic limbs to interact
with their environment more effectively (Zou et al., 2023).

3.5.Temperature Sensors

LIG's electrical resistance exhibits a temperature
dependence, meaning its resistance changes with variations in
temperature. This property allows LIG to function as a
temperature sensor. LIG temperature sensors can be used for
continuous temperature monitoring in healthcare settings,
providing accurate and real-time data for patient care and fever
detection. LIG temperature sensors can be deployed in
environmental monitoring systems to track temperature changes
in various ecosystems, contributing to climate research and
environmental protection efforts (Yang et al., 2023).

These are just a few examples of the diverse applications
of LIG in sensors and biosensors. The ability to fabricate LIG
directly on various substrates, including flexible and even
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wearable materials, further expands its potential in these fields,
enabling the development of innovative and impactful sensing
technologies (Yang et al., 2023).

3.6.Energy Storage and Conversion

LIG's high surface area and excellent electrical
conductivity make it an attractive material for electrodes in
supercapacitors, offering high energy and power densities. LIG
has been explored as an anode material for lithium-ion batteries,
showing improved capacity and cycling stability compared to
conventional graphite anodes. LIG can be used as a transparent
conductive electrode in solar cells, potentially offering
advantages over traditional indium tin oxide (ITO) electrodes in
terms of flexibility and cost (Guo et al., 2023).

3.6.1. Supercapacitors

Supercapacitors store energy through the electrostatic
adsorption of ions at the electrode-electrolyte interface. LIG's
high surface area provides ample space for ion adsorption, while
its excellent electrical conductivity facilitates rapid charge
transfer. The combination of high surface area and conductivity
enables LIG-based supercapacitors to achieve both high energy
density (amount of energy stored per unit mass) and high power
density (rate at which energy can be delivered). LIG's robust
structure and chemical stability contribute to long cycle life,
meaning the supercapacitor can be charged and discharged many
times without significant performance degradation. The high
conductivity of LIG allows for rapid charge and discharge,
making it suitable for applications requiring quick energy
delivery or storage. LIG-based supercapacitors can be used in
portable electronics like smartphones and laptops to provide fast
charging and longer battery life. Supercapacitors can complement
batteries in electric vehicles, providing quick bursts of power for
acceleration and regenerative braking. Large-scale LI1G-based
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supercapacitors could be used for grid energy storage, helping to
balance supply and demand and integrate renewable energy
sources into the grid (Li et al., 2023; Yao et al., 2023).

3.6.2. Batteries

Batteries store energy through chemical reactions at the
electrodes. LIG can be used as an anode material in lithium-ion
batteries, where lithium ions are intercalated into the graphene
layers during charging and released during discharge. The high
surface area of LIG can accommodate more lithium ions, leading
to increased battery capacity compared to traditional graphite
anodes. LIG's robust structure can withstand the volume changes
associated with lithium intercalation and deintercalation, leading
to improved cycling stability and longer battery life. The high
conductivity of LIG facilitates faster lithium-ion diffusion,
enabling faster charging and discharging of the battery. LIG-
based batteries could offer increased range and faster charging
times for electric vehicles, making them more attractive to
consumers. Higher capacity and faster charging LIG batteries
could benefit portable electronics like smartphones and laptops,
providing longer usage times and shorter charging durations.
Large-scale LIG batteries could be used for grid energy storage,
similar to supercapacitors, but with potentially higher energy
density (Avinash & Patolsky, 2023).

3.6.3.Solar Cells

Solar cells convert sunlight into electricity through the
photovoltaic effect. LIG can be used as a transparent conductive
electrode in solar cells, replacing traditional indium tin oxide
(ITO) electrodes. LIG's flexibility allows for the fabrication of
flexible and even wearable solar cells, opening up new
possibilities for solar energy harvesting. LIG can be produced
using low-cost laser scribing techniques, potentially making solar
cells more affordable. LIG can be tuned to have high
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transparency, allowing more light to reach the active layer of the
solar cell and potentially increasing its efficiency. Flexible LIG-
based solar cells can be integrated into building facades,
windows, or rooftops, generating electricity while maintaining
aesthetic appeal. LIG solar cells can be incorporated into clothing
or accessories, providing power for wearable electronics or even
charging personal devices on the go. Flexible LIG solar panels
can be used in portable solar chargers, providing a convenient and
sustainable way to charge electronic devices outdoors (Y. Wang
et al., 2023).

These examples showcase the potential of LIG in
revolutionizing energy storage and conversion technologies.
Ongoing research and development in this field are expected to
lead to further advancements and new applications for LIG in the
quest for sustainable and efficient energy solutions (L. Wang et
al., 2020).

3.7.0ther Applications
3.7.1.Biomedical Applications

LIG's biocompatibility and electrical conductivity make it
a promising material for neural interfaces, enabling improved
communication between the brain and external devices (Bhaiyya
et al.,, 2021). LIG scaffolds can promote cell adhesion and
proliferation, making them useful for tissue engineering and
regenerative medicine applications. LIG can be loaded with drugs
and used for targeted drug delivery, potentially offering improved
therapeutic efficacy and reduced side effects (S. Zhang et al.,
2023; Zhu et al., 2021).

3.7.2.Environmental Applications

LIG's porous structure and high adsorption capacity allow
it to effectively remove pollutants like heavy metals and organic
compounds from contaminated water. LIG-based filters can
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capture particulate matter and harmful gases, contributing to air
purification and pollution control efforts (Kwak et al., 2024; X.
Liu etal., 2023).

3.7.3. Flexible Electronics and Wearables

LIG's flexibility and sensitivity make it suitable for
wearable sensors for health monitoring, fitness tracking, and
other applications. LIG can be used as a transparent conductive
electrode in flexible displays, enabling the development of
foldable or rollable screens. LIG can be integrated into textiles to
create smart fabrics with embedded sensors or actuators for
various applications (Guo et al., 2023; Li et al., 2023; Zou et al.,
2023).

LIG can be used to create microfluidic channels and
devices for various biological and chemical assays. LIG's
thermoacoustic properties allow it to convert heat into sound
waves, opening up possibilities for applications like loudspeakers
and acoustic sensors. LIG surfaces can be modified to exhibit
antimicrobial properties, potentially useful for preventing
infections in healthcare settings (Nag et al., 2017).

4. CONCLUSION

Laser-induced graphene's unique combination of
properties and ease of fabrication has opened up a vast array of
scientific applications. As research in this field continues to
advance, we can anticipate even more innovative and impactful
uses of LIG in the future, contributing to advancements in various
scientific disciplines and ultimately improving our lives.

The choice of laser wavelength plays a pivotal role in
determining the properties of laser-induced graphene. Each
wavelength offers unique advantages and disadvantages,
influencing the LIG morphology, electrical conductivity, and
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mechanical properties. By carefully selecting the laser
wavelength and optimizing the laser parameters, researchers and
engineers can tailor the LIG properties to suit specific
applications, expanding the potential of this versatile material in
various fields.

Remember that the information presented here is a general
overview. The specific effects of different laser wavelengths on
LIG properties can vary depending on the precursor material,
laser parameters, and post-processing techniques employed.
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MEASUREMENT OF RF RADIATION
POLLUTION LEVEL IN THE CORRIDORS OF
KSU MEDICAL FACULTY HOSPITAL AND
CALCULATION OF RADIATION DOSE INDEX

Omer SOGUT!
Esra Demirkol OZTAS?

1. INTRODUCTION

Non-ionizing electromagnetic field radiation (EMF) has
wave-like properties and consists of a combination of electric
and magnetic fields. All living things are exposed to natural
electromagnetic radiation as well as artificial radiation from
birth to death. With the development of various electronic
systems due to developing science and technology, people have
been increasingly exposed to electromagnetic fields (EMF). The
dizzying developments in communication technology, especially
in the field of mobile communication, have increased
radiofrequency (RF) radiation exposure. The worldwide
proliferation of global systems for mobile communication
(GSM) has caused also concern regarding the possible adverse
health effects of RF electromagnetic fields (Remondini et al.,
2006). Smart mobile phones are devices that are part of every
moment of life and are used for countless purposes such as
communication, entertainment, navigation, education, all
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banking transactions and controlling some electronic devices.
However, every technology has its negatives as well as its
positive benefits. One of the most important questions to be
resolved has been whether such devices emit radiation and cause
adverse health effects.

Despite the concerns, research into improving mobile
communications has not stopped. In mobile communication, the
abbreviation G, which means generation in English, was used to
represent cellular communication technology. The first cellular
communication technology used in mobile communication was
1G and this technology was called global system for mobile
communications or in short GSM. GSM technology has evolved
from 1G to 5G to create a faster and higher quality
communication standard from past to present. Today, the
frequencies of mobile phones used are in the frequency band of
electromagnetic fields called RF and microwaves, which are
between 3 kHz and 300 GHz. However, 5G technology uses
higher frequency and therefore higher energy millimetres waves
(MMW) and terahertz frequency waves (Sacco et. al., 2021;
Kiigiikbagriagik and BlyUkatalay, 2021). That is, the mobile
communication technologies up to 4G use sub-3 GHz frequency
bands. However, in 5G, frequency bands are divided into two as
FR1 and FR2. FR1 expresses the band between 410 MHz and
7.125 GHz, while FR2 refers to the band between 24.25 GHz
and 52,5 GHz (webl). The development of communication
technologies, especially the use of higher frequencies and
energies for communication in mobile phones and their
broadcasting towers (base stations), causes people to be exposed
to more RF radiation (i.e. non-ionizing radiation) (Ali and Al-
Naamany, 2002). The potential health risks of radiofrequency
electromagnetic fields emitted by electromagnetic devices are
still not fully understood by the public (Kotb et. al., 2018). For
this reason, the number of studies conducted to determine the
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negative effects of electromagnetic fields on human health has
increased rapidly. On May 31, 2011, the World Health
Organization reported that continuous mobile phone use may
pose a long-term health risk and may have dangerous
carcinogenic effects (WHO, 2011). In a study conducted by
Goldwein and Aframian in 2010, the effects of mobile phones
on subauricular salivary gland secretion were investigated and it
was reported that high saliva rates and decreased protein
secretion occurred in the glands after exposure (Goldwein and
Aframian, 2010). In 2008, Djeridane et al. investigated the
effects of RF radiation from GSM-900 mobile phones on the
circadian patterns of pituitary, adrenal and gonadal hormones in
men and the growth hormone and cortisol were reported to
decrease in the hormones by 28% and 12% at approximately
maximum levels after a period of radiation exposure compared
with the pre-exposure period (Djeridane et al., 2008). In 2013,
the SAR and temperature distributions of the human eye were
investigated with EM field exposure (Wessapan and
Rattanadecho P., 2013). This study examined the relationship
between two mobile phone usage activities and initial mobile
phone use and subsequent headache and reported that headaches
and migraines were triggered because of exposure to
radiofrequency electromagnetic fields (RF-EMFs) due to long-
term mobile phone use, especially text messaging (Traini et al.,
2024). There have been many studies in the literature on
headache, tinnitus, and hearing loss. (Auvinen et al., 2019;
Oftedal et al., 2007; Frei et al., 2012; Schuz et al., 2009; Vahedi
and Saiphoo, 2018; Smitherman et. al., 2013; Sudan et. al.,
2013). There are various studies in the literature regarding the
adverse effects of exposure to RF radiation due to mobile phone
use on human health (Jung and Rogers, 2024; Auvinen et al.,
2024; Elwood et. al., 2022; Schiiz et al., 2006; Jayarajua et. al.,
2023; Durusoy and Hassoy, 2019; Ta-Chiu et al., 2015; Sogiit
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and Eyicil, 2021; Fattahi-Asl et al., 2012; Roosli and Hug,
2011).

The aim of this research is to measure the RF radiation
pollution level in the corridors of KSU Medical Faculty
hospitals and to calculate the dose index. One of its important
goals is also to raise awareness about RF-based non-ionizing
radiation pollution and its adverse effects.

2. MATERIAL AND METHODS
2.1. Making Measurements

Kahramanmaras Siit¢ii Imam University (KSU) Faculty
of Medicine is built on a closed area of 98.562 square meters; it
consists of 5 polyclinics, 9 dormitory blocks, a conference hall,
and an administrative building. KSU Faculty of Medicine has a
bed capacity of approximately 600 and it can be said that the
number of patients visiting the polyclinics on a daily basis is
around 3000 people. In order to define the level of RF-induced
electromagnetic field pollution in the polyclinic corridors of
KSU Faculty of Medicine Hospital, equivalent plane wave
power density (S), electric field strength (E) and magnetic field
strength (H) measurements were made. Each corridor was
divided into three equal parts, and three measurement points
were determined. The measurements were made on Mondays,
Tuesdays, Wednesdays, Thursdays, and Fridays at 08:00-09:01,
10:00-11:01, 12:00-13:01, 14:00-15:01 and 16:00-17:01. In the
measurements, NARDA NBM-550 electromagnetic field meter
with a frequency range of 100kHz-6GHz and a probe coded
EF0691 were used. A photograph of the NARDA NBM-550
electromagnetic field meter and a probe coded EF0691 is given
in Figure 1. Measurements were made three times at each point
for statistical purposes, and as suggested by the Information and
Communication Technologies Authority (BTK) and the
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International Commission on Non-lonizing Radiation Protection
ICNIRP, each measurement time should be at least 6 minutes for
a meaningful result. However, in this study, the measurement
period was selected as 8 minutes (BTK, 2011; ICNIRP, 2009).

Figure 1. NARDA NBM-550 Electromagnetic Field Meter and Its
Probe Coded EF0691

2.2. Making Calculations

Using the measured E value, the values of H and S were
calculated with the following equations (IEEE Std C95.1, 1999).
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s=L (1)

H= |=— )

where S(W/m?) represents the equivalent plane wave
power density and H (A/m) represents the magnetic field
strength. 377 represent the resistance of empty space
(medium) and its unit is Ohm. the E, H and S values are given
in Tables 1-3, respectively. The radiation dose index was
calculated using the average values of the electric field
strength measured or the average values of the calculated
equivalent plane wave power density in the corridors of
the KSU Faculty of Medicine (Szmigielski and Kubacki,
2000). For employees of KSU Faculty of Medicine, the T
period was taken as 8 hours (equal to working hours). The
average value of E at time T can be calculated by using
the following equation.

Eor = \/%Z Ei ti (3)

where Ei is the rms (root mean square) electric field
intensity measured at time t, and ti is the sampling time.
Radiation dose (D) can be calculated using the following
equations depending on the Sior E; values in the unit (Wxh)/m?
(Szmigielski ve Kubacki, 2000).

D =35t 4)

D =— YE?t; and Z, = 3770 (5)
0
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D= SortT (6)
D=—E%T 7)
Zy
D
RDI = - (8)

Dn represents the maximum allowable radiation dose and
it can be calculated in the following the equations:

Dy = S,T or D, = —EZT 9)
0

where Sn and En are the respective values of S or E
defined in safety standards for the electromagnetic field
frequencies at which the RDI is calculated or measured.

e 24,
RDI = £5i% o ppy = 2Eiki (10)
Sh T E

n TlT

3. RESULTS AND DISCUSSION

To determine the level of RF-induced electromagnetic
field pollution in the polyclinic corridors of KSU Faculty of
Medicine Hospital, the electric field strength (E) measurements
were made. Using the measured electric field strength data, the
magnetic field strength and equivalent plane wave power
density values were calculated. The measured E, and calculated
H and S values are given in Table 1-3, respectively.
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Table 1. Electric Field Strength, E (V/m) (meanto, n=3)

Monday Tuesday Wednesday Thursday Friday
HOUr Emean Emaxs Emean Emaxs Emean Emaxs Emean Emaxs Emean Emaxs
08:00- | 1.65[1.98 | 1.67 2.49 1.61 1.96 1.48 2.13 1.42 1.85
09:01 |+0.34[+0.34| +0.54 | +0.54 | +0.24 | #0.24 | +0.34 | #0.34 | +0.25 | #0.25
10:00- | 1.65 [2.00 | 1.67 2.05 1.73 2.13 1.92 2.25 2.19 2.58
11:01 |+0.23|+0.23| +0.29 | #0.29 | +0.36 | #0.36 | +0.41 | +0.41 | #0.30 | +0.30
12:00- | 1.66 [2.01 | 1.41 1.99 1.85 2.54 1.27 1.56 131 1.78
13:01 [+0.35[+0.35| +0.50 | #0.50 | +0.52 | +0.52 | #0.29 | +0.29 | #0.31 | #0.31
14:00- | 1.87 (210 | 1.67 221 2.24 2.67 1.95 2.12 1.66 2.05
15:01 [+0.20[+0.20| +0.42 | +0.42 | +0.36 | +0.36 | #0.24 | +0.24 | +0.52 | #0.52
16:00- | 090 [1.25| 98 | 149 | 080 | 100 | 095 | 131 | 141 | 217
17:01 [+0.22(+0.22 034 +0.34 | £0.16 | +0.16 | +0.27 | +0.27 | +0.53 | +0.53
Mean | 1.55 [1.86 | 147 2.05 1.66 2.06 151 1.87 1.59 2.09

Table 2. Magnetic Field Strength, H (A/m) (meantc, n=3)

Monday Tuesday Wednesday Thursday Friday

HOU r Hmean Hmaxs Hmean Hmaxs Hmean Hmaxs Hmean Hmaxs Hmean Hmaxs

x10° | x10° | x10® | x10° | x10° | x10° | x10° | x10® | x10° | x10°®
08:00- | 438 | 525 | 443 | 661 4.27 5.20 393 | 565 | 3.77 | 491
09:01 | +0.10 | +0.92 | +0.82 | +0.97 | +0.13 | +0.17 | +0.11 | +0.12 | +0.94 | +0.84
10:00- | 438 | 531 | 443 | 544 4.59 5.65 509 | 597 | 581 | 6.84
11:01 | #0.10 | +0.92 | +0.82 | +0.97 | +0.13 | #0.17 | +0.11 | +0.12 | +0.94 | +0.84
12:00- 4.41 5.33 3.74 5.28 491 6.74 3.37 4.14 3.48 4.72
13:01 | +0.10 | £0.92 | +0.82 | £+0.97 | +0.13 | +0.17 | £0.11 | £0.12 | £0.94 | +0.84
14:00- 4,97 5.57 4.43 5.86 5.94 7.08 5.17 5.62 4.40 5.44
15:01 | +0.10 | £0.92 | +0.82 | #0.97 | +0.13 | +0.17 | #0.11 | £0.12 | £0.94 | +0.84
16:00- | 2.40 | 3.32 255 | 3.95 2.36 2.68 252 | 348 | 3.74 | 5.76
17:01 | #0.10 | +0.92 | +0.82 | +0.97 | #0.13 | #0.17 | +0.11 | +0.12 | +0.94 | +0.84
Mean 4.11 4.96 3.92 5.43 4.41 5.47 4.00 4.96 4.24 5.54

Table 3. Equivalent Plane Wave Power Density, S (W/m?) (meanzo, n=3)

Monday Tuesday Wednesday Thursday Friday

Hour Smean Smaxs Smean Smaxs Smean Smaxs Smean Smaxs Smean Smaxs

x10° | x10% | x10° |x10°® x10° | x10° | x10° | x10° | x10° | x10°®
08:00- 7.22 | 1040 | 7.40 | 16.45 6.88 10.19 5.81 12.03 | 5.35 9.08
09:01 +0.26 | £0.30 | £0.21 | +0.82 +0.40 | +0.63 | +0.30 | +0.40 | +0.33 | +0.36
10:00- 7.22 | 1061 | 7.40 |11.15 7.94 12.03 9.78 13.43 | 12.72 | 17.65
11:01 +0.26 | £0.30 [ +0.21 | +0.82 | +0.40 | +0.63 | +0.30 | +0.40 | +0.33 | +0.36
12:00- 7.40 | 10.71 | 5.27 |10.51 9.08 1711 | 4.28 6.46 4.55 8.40
13:01 | +0.26 | #0.30 | +0.21 | +0.82 | #0.40 | +0.63 | +0.30 | +0.40 | #+0.33 | +0.36
14:00- 9.28 | 11.70 | 7.40 |(12.96 13.31 | 1891 | 10.09 | 1192 | 7.31 | 11.15
15:01 | +0.26 | #0.30 | +0.21 | +0.82 | #0.40 | +0.63 | +0.30 | +0.40 | +0.33 | +0.36
16:00- 215 | 415 | 245 5.89 2.10 271 240 4,55 5.27 | 12.49
17:01 +0.26 | +0.30 | £0.21 | +0.82 +0.40 | +0.63 | #0.30 | +0.40 | +0.33 | +0.36
Mean 6.65 | 9.52 | 598 |11.39 7.86 12.20 | 6.47 9.68 7.04 | 11.75

The same limit values were accepted by ICNIRP and

BTK as 64 VV/m for E, 0.16 A/m for H and 10 W/m? for S. As
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seen from Table 1-3, all the measured E values, and calculated H
and S values are much smaller than the limit values determined
by the International Commission on Non-lonizing Radiation
Protection (ICNIRP) and the Turkish Information Technologies
and Communication Authority (BTK) (ICNIRP, 1998 and 2009;
BTK, 2011). In addition, the radiation dose index (RDI) for
working staff at KSU Faculty of Medicine was calculated
(RDI=0.88), and RDI was found to be < 1. Therefore, it can be
said that the RF electromagnetic field exposure of employees
working at KSU Faculty of Medicine is lower than the
permissible levels. It can be said that one of the most important
sources of RF-based electromagnetic pollution in corridors and
work areas are mobile phones, Wi-Fi devices and base stations.
As a result, in this study, the obtained values of E, H and S are
lower than the limit values defined by national and international
institutions and organizations. However, it should not be
forgotten that in radiation exposure, the duration of exposure is
also very important in addition to the size of the radiation field.
Therefore, radiation exposure should be protected as much as
possible. As seen in Table 1 and Figure 2, the largest maximum
electric field strength was measured as 2.67 VV/m on Wednesday,
while the smallest maximum electric field strength was
measured as 1.01 V/m on Monday.

Figure 2. Variation of Average and Maximum Average Electric
Field Strength According to Days

Electric field strength, (V/m)

Monday Tuesday ~ Wednesday — Thursday Friday
Days
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As seen in Table 2 and Figure 3, both the maximum
magnetic field intensity (7.08x10°A/m) and the minimum
maximum magnetic field intensity (2.68x10°3A/m) were
calculated for Wednesday from the data taken from the
measurements made on Wednesday.

Figure 3. Variation of Average and Maximum Average Magnetic
Field Strength According to Days
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As seen in Table 3 and Figure 4, the largest maximum
equivalent plane wave power density (18.91x10% W/m?) was
calculated from the measurements made on Wednesday, while
the smallest maximum equivalent plane wave power density
(2.71x10° W/m?) was calculated from the measurements made
for Monday. The reason why the values of E, H, and S are
measured differently at certain hours and at different points in
the corridor may be that the patients in the corridor at that
moment are making phone calls. Apart from this, if there is base
station signal boosters in the corridors, taking measurements at
points far or close to them may also affect the measurement
results.
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Figure 4. Variation of Average and Maximum Average Equivalent
Plane Wave Power Density According to Days
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In the literature, there is research reporting that long-term
exposure to electromagnetic field (EMF) radiation from mobile
phones can cause health effects such as brain cancer, while there
is also research reporting positive health effects such as
increased bone healing and reduced toxic effects of
chemotherapy (Aly et al., 2008; Makar et al., 2005; Satter et al.,
1999). In addition, there are many studies in the literature that
provide evidence about the adverse effects of exposure to
mobile phone electromagnetic fields (Auvinen et al., 2019;
Auvinen et al., 2024; Djeridane et al., 2008; Elwood et al., 2022;
Jayarajua et al., 2023; Kotb et al., 2018; Ta-Chiu et al, 2015;
Wessapan and Rattanadecho, 2013). For example, Hardell et al.,
(Harell et al., 2003) and Repacholi (Repacholi, 1997) reported
that exposure to electromagnetic field radiation from mobile
phones carries a risk of brain tumour formation. Another study
reported that non-ionizing electromagnetic radiations can cause
changes in both germ cells and nutritive environment and affect
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other female reproductive parameters, which may lead to
infertility. Jangid et al also reported that electromagnetic field
radiation from mobile phones, laptops, Bluetooth devices,
microwave ovens or wireless networks may have adverse effects
on female fertility (Jangid et al., 2022). In a study conducted in
2003, Kesari et al. reported that radiofrequency electromagnetic
fields emitted from mobile phones can damage the entire brain
(Kesari et al., 2003).

Excessive use of wireless communication systems such
as mobile phones can cause many health problems to users.
Therefore, the general public, especially young users should be
educated about the use of such communication tools and mass
awareness campaigns should be initiated. International
standardization organizations such as Institute of Electrical and
Electronics Engineers(IEEE), International Committee on
Electromagnetic Safety (ICES), Technical Committee 95 (TC95)
and the International Commission on Non-lonizing Radiation
Protection (ICNIRP), have established safety guidelines and
standards to protect people from excessive exposure to EMF.
The institution that creates security guidelines and standards on
this subject in our country is the Information Technologies and
Communication Authority (BTK). BTK published a security
guideline and standard determining the electromagnetic field
intensity exposure limit values originating from electronic
communication devices in the official gazette numbered 27912
on Thursday, April 21, 2011. These safety guidelines and
standards set exposure limits for the general public and working
in electrical and magnetic field environments such as healthcare
professionals. Private and public institutions should also be
informed about these security guidelines and standards. In
addition, administrators of private and public educational
institutions should request that radiation experts at universities
hold informative meetings on the safe use of non-ionizing
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radiation emitting devices such as mobile phones and protection
from radiation. In this way, awareness can be raised among the
general public about non-ionizing radiation exposure and
protection methods.

4. CONCLUSION

Electric field strength (E), magnetic field strength (H)
and equivalent plane wave power density (S) measurements of
microwave-based radiation were made in all corridors of
Kahramanmaras Siitcii Imam University Medical Faculty
polyclinics. Additionally, the radiation dose index was also
calculated for hospital personnel serving in these corridors and
for patients coming to the outpatient clinics on a daily basis. In
this study, none of the measured electric field intensity (E),
magnetic field intensity (H) and equivalent plane wave power
density (S) values are greater than the limit values defined by
neither BTK nor ICNIRP. The radiation dose index (RDI) for
staff working at KSU Faculty of Medicine was calculated as
0.88 and the RDI was found to be less than 1. Since the RDI
value is calculated as <1, it can be said that the RF
electromagnetic field exposure of employees working at KSU
Faculty of Medicine is lower than the permissible levels. That is,
it can be said that the radiation exposure does not have any
negative effects on health.
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FABRICATION AND CHARACTERIZATION OF
METAL-POLYMER-SEMICONDUCTOR
SCHOTTKY BARRIER DIODE USING A

PCDTBT: FA-TCNQ INTERFACE LAYER AT
DIFFERENT TEMPERATURES

H. Muzaffer SAGBAN!
Ozge TUZUN OZMEN?

1. INTRODUCTION

In the fields of electronics and optoelectronics, inorganic
materials are extensively utilized as active components in
various electronic devices, such as light-emitting diodes (LEDS),
silicon-based field-effect transistors (FETs), and thin-film
transistors (TFTs) [1]. However, when compared to inorganic
semiconductors, organic electronic devices offer significant
advantages due to several inherent benefits [2]. The primary
reason for the widespread adoption of organic materials in
semiconductor technologies is their ability to be easily
synthesized through various techniques and their compatibility
with straightforward production methods, such as spin coating
and spray deposition. This versatility in manufacturing not only
accelerates research and development processes but also
significantly reduces production costs. Moreover, in the
production of organic semiconductors with varying properties,
numerous material attributes and parameters, such as molecular
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weight, bandgap energy, molecular orbital energy levels,
structural characteristics, and doping, can be altered [3,4]. This
flexibility enables the cost-effective and straightforward
production of organic semiconductor materials with diverse and
enhanced properties. Given these advantages, the use and
research of organic materials in modern optoelectronic and
electronic technologies are rapidly increasing. Currently, the
most prominent devices made from organic materials include
organic light-emitting diodes (OLEDs), organic field-effect
transistors (OFETSs), organic photodiodes (OPDs), organic
photovoltaics (OPVs), and Schottky barrier diodes (SBDs) [3].

One of the most widely used components in modern
electronic devices is the diode. Among all types of diodes,
Schottky barrier diodes (SBDs) hold particular importance due
to their superior performance and ability to operate effectively at
high frequencies [5]. Diodes operating at high frequencies often
struggle to respond to changes in applied voltage, failing to
switch between conducting and insulating states efficiently.
However, SBDs excel in this regard, as they can rapidly respond
to such changes even under high-frequency conditions. Another
distinguishing feature of SBDs is their ability to enter the
conducting state much more quickly, owing to their lower
forward voltage requirement. Additionally, due to the reduced
number of minority charge carriers, SBDs exhibit lower leakage
current. These characteristics make SBDs more efficient
compared to other diodes. Furthermore, with the advancement
of organic technology, SBDs can now be produced using
organic-based materials, allowing them to achieve high
performance as well [6].

Metal-semiconductor (MS) contacts form the structure of
Schottky barrier diodes (SBDs), with the diode's properties
being influenced by factors such as the type and concentration
of the semiconductor, the bandgap, and the work function of the
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metal. Additionally, SBDs can be created by inserting an
insulating or polymer layer between the metal and
semiconductor surfaces, resulting in structures known as metal-
insulator-semiconductor (MIS) or metal-polymer-semiconductor
(MPS) configurations. Recently, there has been a significant
increase in both experimental and theoretical studies focusing on
MPS-type SBDs, particularly those incorporating a polymer
layer between the metal and semiconductor surfaces [2].

MPS-type Schottky barrier diodes (SBDs) are fabricated
by depositing a polymer layer onto a semiconductor substrate
using various coating techniques, such as spin coating or spray
coating, followed by the deposition of contacts on the front and
back surfaces of the structure (Figure 1). In MPS-type SBDs, the
inclusion of a polymer with a high dielectric constant between
the metal and semiconductor layers allows for the regulation of
charge transfer, leading to the production of higher-performance
devices. The primary functions of these interfacial layers are to
provide surface passivation, optimize the current-conduction
mechanism, and prevent leakage currents. Metals with
appropriate work functions are used to create rectifying and
ohmic contacts in the preparation of MPS-type structures. If ®m
represents the work function of the metal and ®s represents that
of the semiconductor, a rectifying contact is formed for metal/n-
type semiconductor contacts when ®m>®s, while an ohmic
contact is formed when ®s>®m. Similarly, for metal/p-type
semiconductor contacts, a rectifying contact occurs when
®s>dm and an ohmic contact is formed when ®m>ds [7-13].
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Figure 1. Schematic Representation of an MPS Schottky Barrier
Diode
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In this study, research was conducted on the fabrication
and electrical characterization of MPS-structured Schottky
barrier diodes (SBDs), given the advantages mentioned above.
Considering these properties, PCDTBT (Poly[[9-(1-octylnonyl)-
9H-carbazole-2,7-diyl]-2,5-thiophenediyl-2,1,3-
enzothiadiazole-4,7-diyl-2,5-thiophenediyl], Poly[N-9'-
heptadecanyl-2,7-carbazole-alt-5,5-(4',7'-di-2-thienyl-2',1",3'-
benzothiadiazole)]) was used as the primary material, and F4-
TCNQ (2,3,5,6-Tetrafluoro-2,5-cyclohexadiene-1,4-
diylidene)dimalononitrile, 7,7,8,8-Tetracyano-2,3,5,6-
tetrafluoroguinodimethane) was used as the doping agent. SBDs
were fabricated by preparing mixtures with a 1% doping ratio of
PCDTBT to F4-TCNQ.

2. MATERIALS AND METHODS

In this study, n-type doped silicon (Si) crystals were used
as the semiconductor material. The organic polymer material
was deposited onto the n-type Si substrate using the spin coating
technique (Figure 2). As shown in the figure, after the
production of the polymer/semiconductor material, the Schottky
barrier diode (SBD) was fabricated by depositing the top and
bottom metal contacts using a thermal evaporation system. Gold
(Au) and silver (Ag) metals were chosen for the metal contacts,
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considering their work functions in relation to the doping type of
the materials used.

Figure 2. Stages of the Fabrication Process for MPY Schottky
Barrier Diodes
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The n-type single-crystal Si wafers used as substrates
were produced using the Czochralski (Cz) method with <100>
orientation. The Si wafers for SBD fabrication were purchased
with a thickness of 350 £ 25 um and a resistivity of 4.8 Q-cm.
The wafers were cut into 1x1 cm squares using a diamond
cutter. Subsequently, the wafers were cleaned, and a thermal
evaporation system was used to deposit a high-purity Ag layer
of approximately 2500 A thickness on the matte side of the
wafers to form ohmic contacts using a mask. The organic
materials PCDTBT and F4-TCNQ, used as the interfacial layer,
were mixed in chlorobenzene at concentrations of 20 mg/ml and
0.01 mg/ml, respectively, and stirred at 60°C for approximately
3 hours. The resulting mixtures were placed in a tube with a 1%
FA-TCNQ doping ratio and stirred for 24 hours. The solutions
were then spin-coated onto the shiny side of the Si wafers for 30
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seconds at 1500 rpm to achieve a thickness of approximately
160 nm. Finally, rectifying contacts were deposited on top of the
coated organic surfaces using a thermal evaporation method.
High-purity Au was used to obtain a thickness of approximately
2500 A for the rectifying contacts.

The analysis of the fabricated SBDs was performed
through measurements conducted under both dark and
illuminated conditions within a closed-circuit cryostat, at a
vacuum of 1x10”"-4 mbar, and across a voltage range of -5V to
+5V. Measurements under illumination were carried out with a
lighting intensity of 1000 W/m2. Temperature-dependent 1-V
measurements of the SBDs were performed within the range of
200K to 325K in 25K increments. From the dark, illuminated,
and temperature-dependent 1-V measurements, the ideality
factors, saturation currents, and barrier heights of the SBDs were
determined.

3. RESULTS AND DISCUSSION

In this study, electrical characteristics of the Schottky
barrier diode (SBD) produced with a 1% doping ratio of
PCDTBT:F4-TCNQ polymer blend were conducted under both
illumination and varying temperatures. Initially, dark and
illuminated I-V measurements of the Au/PCDTBT:F4-TCNQ/n-
Si heterojunction SBD were performed at room temperature
under  vacuum. Subsequently, temperature-dependent
measurements of the SBD were carried out under vacuum within
the temperature range of 200K to 325K in 25K increments.
Based on the obtained data, fundamental electrical parameters
such as the ideality factor (n), saturation current (lo), and barrier
height (@8) were calculated to determine the characteristics of
the produced SBDs.
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In this study, dark and illuminated measurements of the
AU/PCDTBT:F4-TCNQ/n-Si SBD were conducted within a
closed-circuit cryostat at a pressure of approximately 1x10*
mbar, across a voltage range of -5V to +5V in the dark, and
under illumination of 1000 W/m2. Figure 3 shows the dark and
illuminated 1-V curves of the diode produced using a 1%
PCDTBT:F4-TCNQ doping ratio.

Figure 3. Dark and llluminated I-V Characteristics of the
Heterojunction SBD with 1% PCDTBT:F4-TCNQ Doping Ratio
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In Figure 3, it is observed that there is an increase in
current values in both the negative and positive regions when
the diode is exposed to light. This increase is attributed to the
generation of a higher number of electron-hole pairs when light
is incident on the Schottky Barrier Diode (SBD) [16].
Additionally, the increase in conductivity under illumination is
partly due to the excitation of trap levels within the bandgap,
which enhances the contribution of charge carriers to the
conduction process [17]. The increase in conductivity is more
pronounced in the negative region under illumination. This is
because the minority charge carriers, generated due to the
illumination, significantly contribute to the conduction when
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influenced by the electric field present during reverse bias. This
enhanced conductivity in the negative region further indicates
that SBDs exhibit photodiode characteristics under light
exposure.

The ideality factor (n), barrier height (@g), and saturation
current (1_o) values of the fabricated Schottky Barrier Diodes
(SBDs) have been calculated. The ideality factors were
determined using the slope of the linear region in the I-V
characteristics, as given by the following equation [3]:

n=—1 (3.1)

" kTtan®

Based on the calculations using this equation, the ideality
factor of the diode with 1% PCDTBT:F4-TCNQ doping was
found to be 4.20 in the dark and 6.25 under illumination. An
increase in the ideality factor was observed with the effect of
illumination.

The barrier height (@s) values were determined using the
following equation:

KT (AT (3.2)
q Iy

In the above equation, lo represents the saturation
current, which corresponds to the current value at the point
where the voltage is zero on the 1-V curve. For the SBD with
1% PCDTBT:F4-TCNQ doping, the saturation current was
found to be 9.49x10—8 in the dark and 1.84x10—6 under
illumination.

®B:

Using the saturation current values and Equation 3.2, the
barrier height (@s) values were calculated. For the diode with
1% PCDTBT:F4-TCNQ doping, the @s value was found to be
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0.82 eV in the dark and 0.74 eV under illumination. All the
calculated values are presented in Table 1.

Table 1. The values of ideality factor (n), saturation current (10),
and barrier height (@s) obtained for the SBD with 1%
PCDTBT:F4-TCNQ doping under dark and illuminated

conditions.
Dark Illuminated
n 1o(A) Pp(eV) n 1o(A) Pp(eV)
PCDTBT:F4-TCNQ 4.20 | 9,49x10% | 0.82 6.25 1,84x106 0.74

As seen in Table 1, under the influence of illumination,
an increase in ideality factors and saturation currents is
observed, while the @s values show a slight decrease. The
increase in saturation currents is due to the generation of a
greater number of charge carriers under the effect of light. This
increase, coupled with the contribution of more charge carriers
through quantum tunneling mechanisms, leads to a deviation
from ideality in the diodes, resulting in higher ideality factors.
Additionally, under illumination, charge carriers gain more
energy, allowing them to encounter lower potential barriers.
This observed phenomenon is attributed to the reconfiguration
of charge carriers under illumination, the density of interface
states, and the non-uniform distribution of barrier heights within
the structure [1,18].

For the fabricated SBD, the rectification ratio (RR) was
calculated using the ratio of the forward current to the reverse
current. By comparing the current values at +3V and -3V bias
voltages, the rectification ratio for the SBD with 1%
PCDTBT:F4-TCNQ doping was found to be 1.37x10°.

Figure 4 shows the I-V characteristics of the SBD fabricated
with 1% PCDTBT:F4-TCNQ doping over the temperature range
of 200K to 325K.
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Figure 4. Temperature-dependent |-V characteristics of the
heterojunction SBD with 1% PCDTBT:F4-TCNQ doping.
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Using the I-V curves obtained at temperature intervals of
25K within the 200K to 325K range, the ideality factors, barrier
heights, and saturation currents were determined. The values
obtained are presented in Table 2.

Table 2. Values obtained from the temperature-dependent I-V
curves of the diode with a 1% PCDTBT:F4-TCNQdoping ratio.

PCDTBT:F4-TCNQ | 200 225 250 275 300 325
n 5.77 5.29 4.86 450 4.20 4.03
Io(A) 351E-8 | 5.03E-8 | 6.89E-8 | B.055E-8 | 9.49E-8 | 1.57E-7
95(eV) 0.55 0.61 0.68 0.75 0.82 0.87

Upon examining the data in Table 2, it is observed that
with increasing temperature, the ideality factors decrease, while
the barrier height and saturation currents increase. For the
Schottky Barrier Diode (SBD) with a 1% PCDTBT:F4-TCNQ
doping ratio, the ideality factor decreases from 5.77 to 4.03, the
barrier height increases from 0.55 eV to 0.87 eV, and the
saturation current rises from 3.51x10® A to 1.57x107 A.
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Figure 5 presents the graphs depicting the variation in
ideality factors and barrier heights with temperature for the
Schottky Barrier Diode (SBD) with a 1% PCDTBT:F4-TCNQ
doping ratio.

Figure 5. Temperature-dependent variation in the ideality factor

and barrier height for the diode fabricated with a 1%
PCDTBT:F4-TCNQ doping ratio.
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As the temperature increases, a decrease in the ideality
factors of the diode is observed, while the barrier heights rise,
consistent with findings in the literature [19,20]. This
temperature-dependent behavior of the Schottky Barrier Diode
(SBD) indicates that thermionic emission is not the sole
mechanism governing current transport. At lower temperatures,
charge carriers have less energy, resulting in a lower maximum
barrier height that they can overcome. In this scenario, current
tends to dominate in localized regions of the barrier heights,
leading to an increase in the ideality factor. Furthermore, due to
the insufficient energy of electrons, recombination decreases,
causing a reduction in current values [19,20]. However, as the
temperature rises, charge carriers gain significantly more
energy, which leads to a proportional increase in the barrier
height they can overcome.
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4. CONCLUSION

In this study, an Au/PCDTBT:F4-TCNQ /n-Si Schottky
Barrier Diode (SBD) with a 1% PCDTBT:F4-TCNQ doping
ratio was fabricated. The current-voltage (I-V) measurements of
the produced SBD were initially conducted in a closed-circuit
cryostat under a vacuum of 1x10* mbar, in both dark and
illuminated conditions (1000 W/m?), within a voltage range of -
5V to +5V. Subsequently, temperature-dependent measurements
were performed within the same vacuum conditions, over a
temperature range of 200K to 325K, and a voltage range of -
5V to +5V.

The experiments conducted in both dark and illuminated
conditions revealed an increase in current values under both
reverse and forward bias when exposed to light. This increase in
current can be attributed to several factors, including the
generation of more electron-hole pairs due to illumination, the
involvement of charge carriers from the forbidden energy gap in
the conduction process, and the reduction in series resistance of
the diode due to the light exposure.

Based on the results obtained from temperature-
dependent measurements, it was observed that both reverse and
forward bias current values increase with rising temperature.
Additionally, an increase in temperature leads to a decrease in
ideality factors and an increase in barrier heights. This
phenomenon can be attributed to the fact that at lower
temperatures, charge carriers have less energy, resulting in a
lower barrier height that they can overcome, which in turn
causes deviations from ideal diode behavior.
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1. GIRIS

Nanoteknolojinin ~ hizli  gelisimi, metal  bazh
nanoparcaciklarin (MNP'ler) muazzam iiretimine yol agmaktadir.
MNP'lerin toprak ve su iyilestirme, tarimsal amaglar,
kozmetikler, boyalar ve farmasotikler vb. gibi genis uygulamalari
vardir (Tiwari vd., 2022). Metal oksit NP'lerin yiizeyindeki atom
sayisi, NP'lerin boyutunun kiigiilmesiyle artar, bu da
reaktivitelerini artirir ve topaklanma egilimiyle sonuglanir.
NP'lerin daha kiiciik boyutuyla iligkili dezavantajlar, uygun
fiziksel, kimyasal veya biyolojik yontemler Kkullanilarak
yiizeylerinin modifiye edilmesiyle asilabilir (Kumar vd., 2022).
Yizey modifikasyonu, kontrollii aglomerasyon ile stabilitelerini
artirmak i¢in NP'lerin ylizeyine inorganik bir kabuk veya organik
molekiillerin kaplanmasiyla yapilabilir (Kumar vd., 2022).
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Giliniimiizde, basta metal ve metal oksit nanopartikiiller
olmak iizere ¢esitli nanopartikiiller ve bunlarin olas1 uygulamalari
lizerine aragtirmalar ortaya ¢ikmaktadir. Bu uygulamalardan biri,
potansiyometrik sensorlerin analitik parametrelerini iyilestirmek
icin bunlarin kullanilmasidir (Pietrzak vd., 2022). Gliniimiizde
nanopartikiil elde etmek i¢in bircok yontem gelistirilmistir.
Bunlar kolayca fiziksel (fiziksel buhar fazi biriktirme, mekanik
ogilitme, plskiirtme, lazer ablasyon), kimyasal (kimyasal buhar
faz1 biriktirme, kimyasal indirgeme, elektrosentez) ve biyolojik
(bakteri, mantar, yosun kullanilarak biyolojik sentez) yontemler
olarak ayrilabilir. Bununla birlikte, baslangic malzemesinin
tiirine bagli olarak, hepsi iki yontem grubuna atanabilir: agagidan
yukartya yaklasim (kiiclik boyutlardaki basit maddelerden
nanoyapilar olusturmak) ve yukaridan asagiya yaklasim (esas
olarak mekanik yontemler araciligiyla ayrisma sonucunda
makroskopik malzemeden nanoparcaciklar elde etmek) (Khan
vd., 2019). Cesitli morfolojilere sahip MO nanopartikilleri
(NP'ler) enerji depolama makineleri, sensorler, kaplamalar,
yaglama, elektrokimya, c¢evresel iyilestirme ve benzeri genis
kapsamli uygulamalar i¢in arastirtlmistir (Qumar vd., 2022).
Adsorban &zelliklerini kullanim bu alanlarin en 6nemlilerinden
biridir. Molekiillerin boyutu kiitleden nano dlgege diistiigiinde,
ylzey-hacim oraninda iistel bir artisa neden olur. Boyutu en aza
indirerek ve etkilesim i¢in organik molekiillerin yiizeylerine aktif
kenarlar ekleyerek, ylizey enerjisi veya adsorban kompozitler
gelistirilir. Bununla birlikte, nanomateryaller, organik kirleticileri
sudan uzaklastirmak i¢in daha hacimli muadillerine kiyasla
onemli adsorpsiyon kabiliyeti sergiler. Ayrica, MO NP'ler, tek
baslarina veya nanokompozitler halinde, organik kirleticileri hizli
ve verimli bir sekilde gidermek i¢in tasarlanmis son derece segici
adsor- bentler olarak yakin zamanda benzersiz bir perspektif
ortaya koymustur (Qumar vd., 2022). Ayrica, gecis metal
oksitleri (TMQ'lar) ve nanokompozitleri organik kirleticileri yok
etmek icin gii¢lii bir fotokatalitik reaksiyona sahiptir. Dogru yapi,
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kristal ve ylizey aidiyetine sahip MO bazli nanokompozitler,
biiyiik bant aralig1 enerjili (Eg) yar iletkenler olarak islev goriir
ve organik kirleticilerin bozunmasi i¢in toksik olmama ve suda
kararlilik gibi olumlu nitelikler sergiler.

Metal-oksit nanopartikiil {iretim yontemleri arasinda;
birlikte ¢okeltme islemi, hidrotermal islem, mikrodalga 1s1nlama,
darbeli lazer biriktirme, kat1 hal reaksiyon iglemi, sol-jel islemi,
sprey piroliz teknigi, ¢ozelti yakma, mekanik bilyali 6giitme ve
mikrodalga destekli solvo-termal yontemler yer almaktadir
(Saleem vd., 2022). Sol-jel isleminin homojen olmayan bilesimde
ince manyetik nanopartikiiller saglar, ayrica daha iyi bir kontrol
oranini olanakli hale getirir. Basit bir hazirlama teknigidir. Diger
bir yontem ise, kimyasal birlikte c¢okeltme islemidir.
Nanopartikiillerin (NP'ler) biiylik 6l¢ekli hazirlanmasi, basit
laboratuvar ekipmani ve kendi icinde basitlik, diisiik maliyet,
dopant konsantrasyonunun etkili ve kolay ayarlanmasi1 gibi
olaganiistii avantajlar1 nedeniyle daha fazla dikkat ¢ekmistir
(Saleem vd., 2022). Nano boyutta metal oksitlerin Gretimi
arasinda, ¢okeltme yOnteminin basit, ekonomik ve 6lgeklenebilir
oldugu, ciinkii NP'lerin boyutu, sekli, kristal yapis1 ve yiizey
reaktivitesi gibi icsel Ozelliklerinin sentez sirasinda kontrol
edilebildigi bildirilmektedir (Tran vd., 2018). Metal oksitler,
ozellikle gecis metalleri, manyetik, optik, elektrik, katalizor ve
cesitli alanlarda potansiyel uygulama gibi c¢ekici Ozelliklere
sahiptir (Vara ve Dave, 2019). Metal oksitlerin on yillardir
katalizor olarak siklikla caligildigi da incelenen literatiirlerde
goriilmiistiir (Chatudvedi ve Dave, 2012). Oksit nanoparcaciklari,
yanma hizlarini artiran herhangi bir y1gilma gdstermezler. Mikro
ve nanometre boyutundaki partikil (metal) oksitler arasindaki
karsilagtirmada, katalizoriin katalitik verimliligi nanometre
araliginda keskin bir sekilde artmistir (Vara ve Dave, 2019). Nano
boyuttaki metal oksitlerin bir diger yaygin kullanim alani da
adsorpsiyon prosesleri igerisinde gelistirilmis yeni nesil adsorban
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olarak kullanimidir (Kumar vd., 2022). Atik sulardan agir metal
iyonlarin1 uzaklagtirmak i¢in kullanilan membran filtrasyonu,
kimyasal ¢okeltme, adsorpsiyon, iyon degisimi ve birlikte
cOkeltme gibi ¢esitli yontemler arasinda adsorpsiyon en etkili ve
guvenli yontem olarak kabul edilmektedir (Maheshwari ve
Gupta, 2016). Geleneksel olarak, tarimsal yan iiriinler, meyve
atiklari, aktif karbon ve modifiye biyopolimerler gibi bir¢ok
dogal ve ticari adsorban, suyun iyilestirilmesi i¢in adsorban
olarak kullanilmistir. Ancak, yiiksek iiretim maliyetleri, diigiik
adsorpsiyon kapasiteleri ve adsorpsiyon sonrasi bertaraflarina
iligkin smirli bilgi nedeniyle kullanimlar1 sinirhdir (Hua vd.,
2012). Bu nedenle, atik sulardan agir metal iyonlarini
uzaklastirmak icin alternatif bir adsorban malzeme bulmaya
ithtiya¢ vardir. Son yillarda, nanopartikiillerin kiiciik boyutlari,
genis ylizey alanlar1 ve daha yliksek aktif bolgeleri nedeniyle
mitkemmel bir adsorban oldugu bildirilmistir (Pradhan vd.,
2017).

Bu ¢alismanin 6zgiin degeri, gecis metalleri kullanilarak
elde edilen metal oksit nanopartikiillerinin ayn1 akademik ¢ikt1 da
bir arada kiyaslanabilir olmasidir. Literatiire bakildiginda,
katkilamalarin benzer yontemler ile reaksiyon edilip kendi i¢inde
karsilagtirilmast mevcuttur. Bu calismada ayni1 metodlar farkl
metal Onclilerine uygulanip katkilamanin gergeklestirilmesi
amaclanmistir.

2. MATERYAL YONTEM
2.1.Metal Oksitler

Metaller, dogada genellikle kararsiz yapidadir. Bu
nedenle metaller, kararli yapiya sahip olmak amaciyla oksijen ile
tepkimeye girerek metal oksit bilesenine doniistirler. Metal
oksitler, gilinlimiizde en yaygin kullanilan bilesiklerin basinda
gelmektedir ve bir¢ok farkli kimyasal ve atomik bilesimlere
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sahiptir. Metal oksitlerin fiziksel yapis1 ¢ogunlukla, kati, kristalin
ve metalik Ozellik goOstermektedir. Fakat genellikle oda
sicakliginda metal oksitler kirilgan yapida bulunmaktadir. Metal
oksitler bir¢cok farkli o6zelligi yapisinda bulundurmaktadir.
Bunlara; yiiksek ve kimyasal mukavemet, faz gegirgenligi,
yiiksek kararlilik, farkli kristal bilesimler, yiiksek kaynama ve
erime, optik ve elektriksel dzellikler 6rnek verilebilir.

Metal oksitler fiziksel yapilarina gore, metal ya da gecis
metali iceren bilesikler olarak iki grupta incelenirler. Yapisinda
metal bulunan metal oksitlere, Silisyum Dioksit (SiO2) ve
Magnezyum Oksit (MgO) oOrnek olarak verilebilir. Yapisinda
gecis metali bulunan metal oksitlere ise Titanyum Monoksit
(TiO), Krom Dioksit (CrO2), Kobalt Oksit (CoO), Bakir Oksit
(CuO) ve Nikel Oksit (NiO) bilesikleri 6rnek verilebilir.

Metal oksitler diger bilesenlerden farkli olarak yiiksek
islevsellik ozelligi gosterdigi bilinmektedir (Pal, 2020). Bu
nedenle basta malzeme biliminde, kimya alaninda ve aym
zamanda endiistriyel uygulamalarda siklikla kullanilmaktadir.

2.2.Metal Oksit (MO) Nanopartikuller

Nanopartikiiller, fiziksel ve kimyasal yapilarina dikkat
edilerek 100 nanometre boyutundan kiiciik olacak sekilde
sentezlenmektedir (Wang vd., 2009). Nanopartikillerin sahip
oldugu avantajli yapisindan dolay1 giliniimiizde, endiistriyel ve
bilimsel ¢aligmalarda siklikla kullanilmaktadir. Nanopartikiillerin
kuantum etkisi ve yiizey alani partikiillerin boyutuna bagli olarak
degismekte ve elektrik, optik ve manyetik alanlar1 partikiillerin
boyutu kiigiildiikkge daha reaktif hal kazanmaktadir (Warheit,
2018). GlUnlumuzde bircok farkli alanda nanopartikiiller kullanilsa
da metal ve metal oksit temelli nanopartikiiller siklikla kullanilan
partikiillerin basinda gelmektedir.

Metal oksit nanopartikiller, metal elementlerinin oksijen
ile birleserek olusturdugu bilesiklerin nanometre 6l¢egindeki
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pargaciklarin1 ifade etmektedir. Metal oksit nanopartikiiller,
genellikle 1 ila 100 nanometre arasinda bir boyuta sahiptir. Metal
oksit nanopartikiiller, genis bir uygulama yelpazesine sahip olup,
cesitli endiistriyel, tibbi ve bilimsel alanlarda kullanilmaktadir
(Vance vd., 2015).

2.2.1.CoO Nanopartikutller

Metal oksit nanopartikilleri nano boyutta, kimyasal
kararliliga ve genis ylizey alanina sahip olmalar1 sebebiyle
arastirmacilar tarafindan siklikla tercih edilmektedir (Sethuraman
vd., 2018). Gegis metali oksitleri icerisinde Kobalt Oksitler
(CoO) p tipi bir yari iletken olup, 1.2 eV ile 1.7 eV arasinda bir
bant araligina sahiptir (Kaur vd., 2006). Tablo 1’ de
fizikokimyasal Ozellikleri sunulmustur. Sekil 1’de ise CoO
nanopartikiillerin atomik gosterimini temsil etmektedir. Kirmizi
toplar oksijeni (O) elementini kahverengi toplar ise kobalt (Co)
elementini ifade etmektedir.

CoO nanopartikiiller, nano yapilarinin kolaylikla optimize
edilmesi, miikemmel katalitik 6zellik gostermesi ve maliyetinin
diisiik olmas1 nedeniyle giintimiizde siklikla kullanilmaktadir.
Ayni1 zamanda yiiksek elektriksel ve termal iletkenlige sahip
olmasindan dolayr metal oksit nanopartikiilleri igerisinde en
yayin kullanilan nano malzemedir (Tuncsoy, 2020).

CoO nanopartikiilleri sahip oldugu yiiksek hacim ve
ylizey oranlari nedeniyle bir¢ok farkli alanlarda kullanilmaktadir.
Ornek olarak manyetik depolama islemleri (Wang vd., 2007),
lityum iyonu temelli elektrotlar (Xu vd., 2011) ve giines pilleri
(Sahay vd., 2012) verilebilir.
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Sekil 1. Coo Nanopartikilin Atomik Gosterimi

Kaynak: (Gattinoni ve Michaelides, 2015).

Tablo 1. Coo Nanopartikiliin Fizikokimyasal Ozellikleri

TUPAC Numarast Cobalt(I1)Oxide
Molar Kiitle 79.545 g mol™?!
Erime Noktasi 1326°C
Kaynama Noktasi 2000°C
Yogunluk 6.31gcm™3

Kaynak: (Yoon vd., 2000)
2.2.2.NiO Nanopartikiller

Demir grubu metallerinden olan nikel (Ni), sahip oldugu
manyetik yapisindan dolayr olduk¢a genis kullanim alanina
sahiptir. GUniimizde NiO nano partikuller; nano ¢cubuk, nano tip
ve nano prizma gibi ¢esitli formlarda iretilmektedir (Ati vd.,
2013). NiO nanopartikulleri genellikle iletken, katalitik ve
manyetik malzemelerin  iiretiminde ve  gelistirilmesinde
kullanilmaktadir. Ornegin; kat1 oksit yakit pillerinde ve optik
sensOrlerde anot katmani olarak kullanilmaktadir (Karaduman,
2017). Sekil 2’de NiO nanopartikillerin atomik gdsterimi
bulunmaktadir. Tablo 2’de ise NiO nanopartikiillerin
fizikokimyasal 6zellikleri 6zet seklinde sunulmustur.
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NiO nanopartikiillerin bir¢ok farklt iretim ydntemi
bulunmaktadir. Bunlar; mekanik &giitme, piroliz, hidrazin
yontemi, nikel tuzlarin kimyasal rediiksiyonu, sonokimyasal
yontem ve son olarak elektrokimyasal ¢oktiirme yontemleridir
(Alonso vd., 2011).

Sekil 2. Nio Nanopartiktllerin Atomik Gosterimi

Kaynak: (Goel vd., 2020).

Tablo 2. Nio Nanopartikiliin Fizikokimyasal Ozellikleri

TUPAC Numarasi Nickel(2+); Oxygen(2-)
Molar Kiitle 74.69 g mol™!
Erime Noktasi 1955°C
Kaynama Noktasi --
Yogunluk 6.67gcm3

Kaynak: (Goel vd., 2020).

3. DENEYSEL CALISMALAR
3.1.Co0 Nanopartikil Sentezi

Kobalt (I1) nitrat [Co(NO3)2:6H20)]’1n sodyum hidroksit
(NaOH) ile sulu ortamda indirgenerek cokeltilmesiyle CoO
nanopartikiilleri, elde edilmistir. Bu amagla, 0.5 M kobalt (II)
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nitrat ¢Ozeltisi hazirlanmistir. Bu ¢ozelti 6 saat 70°C’de
karistirilmistir. Karistma 0.1 M NaOH ¢o6zeltisi damla damla
ilave edilerek c¢okelti elde edilmistir. Elde edilen c¢okelti
Whatman siizge¢ kagidi ile siiziilmiistiir. Siiziintii su ve etanol ile
3 kez yikanmistir. Yikamadan sonra siiziintii etiivde 24 saat
60°C'de kurutulmustur. Kurutulan 6rnek 300°C’de 5 saat stireyle
hava ortaminda tavlanarak CoO nanopartikiiller elde edilmistir.

3.2.NiO Nanopartikul Sentezi

Nikel (1) nitrat [Ni(NO3)2-6H20)]’in sodyum hidroksit
(NaOH) ile sulu ortamda indirgenerek c¢okeltilmesiyle NiO
nanopartikiilleri, elde edilmistir. Bu amagla, 0.5 M nikel (II) nitrat
¢Ozeltisi hazirlanmistir. Bu ¢ozelti 6 saat 70°C’de karistirilmastir.
Karigima 0.1 M NaOH ¢ozeltisi damla damla ilave edilerek
cokelti elde edilmistir. Elde edilen ¢okelti Whatman siizgeg
kagidi ile siiziilmustiir. Siizlintii su ve etanol ile 3 kez yikanmustir.
Yikamadan sonra siiziintii etiivde 24 saat 60°C'de kurutulmustur.
Kurutulan 6rnek 300°C’de 5 saat sureyle hava ortaminda
tavlanarak NiO nanopartikiiller elde edilmistir.

3.3.Karakterizasyon

Yapisal ve ylizeysel analizler sirastyyla XRD ve FESEM
cihazlart ile yapilmistir. XRD cihaz1 Panalytical Empreyan ve
FESEM cihazi SUPRA 40VP, Carl Zeiss model/marka ile
gergeklestirilmistir. XRD analizi 2-theta agis1 10 - 90° araliginda
gerceklestirilmistir.  FESEM  gorintileri  15kV  ve 15kX
biiyiiltmelerde elde edilmistir. EDX analizi ile elementel dagilim
sonuclari elde edilmistir.

3.4.Analiz sonuclari

Sekil 3’de CoO nanopartikiil tiretimi i¢in kullandigimiz
Kobalt (1) nitrat [Co(NO3)2-:6H20)] tuzunun XRD spektrumu
verilmistir. Sekil 4’de ise sentez sonucu elde ettigimiz CoO
nanopartikullerin XRD spektrumu gérinmektedir.
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Sekil 3. Kobalt (I1) Nitrat Tuzunun XRD Spektrumu

Siddet (a.u.)

__\__LI‘LI l..l.n LA
30

10 50 70 90

20

Sekil 4. Sentez Sonucu Elde Edilen CoO Nanopartikullerin XRD
Spektrumu

Siddet (a.u.)

L .

20 30 40 50 60 70 80 90
20

Spektrumlardan goriildiigii gibi Kobalt (II) nitrat
[Co(NO3)2:6H20)] tuzu kullanilarak baslatilan  sentez
sonucunda saf CoO nanopartikiil elde edilmistir. CoO
nanopartikillerin spektrumunda yer alan tim piklerin, 98-017-
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3830 referans numarali kiibik yapida CoO yapisinin ASTM karti
ile birebir uyumlu oldugu gorilmistiir.

Sekil 5’de NiO nanopartikiil tiretimi i¢in kullandigimiz
Nikel (II) nitrat [Ni(NO3)2:6H20)] tuzunun XRD spektrumu
verilmistir. Sekil 6’da ise sentez sonucu elde ettigimiz NiO
nanopartikillerin XRD spektrumu gortiinmektedir.

Spektrumlardan  goriildiigii  gibi  Nikel (II) nitrat
[Ni(NO3)2-6H20)] tuzu kullanilarak baslatilan sentez sonucunda
saf NiO nanopartikiil elde edilmistir. NiO nanopartikiillerin
spektrumunda yer alan tim piklerin, 98-005-3930 referans
numarali kiibik yapida NiO yapisinin ASTM Kkarti ile birebir
uyumlu oldugu goriilmiistiir.

Sekil 5. Nikel (I1) Nitrat Tuzunun XRD Spektrumu

Siddet (a.u.)

_JL ol A At

10 20 30 40 50 60 70 80 90
20
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Sekil 6. Sentez Sonucu Elde Edilen NiO Nanopartikullerin XRD
Spektrumu

Siddet (a.u.)

\ A

20 30 40 50 60 70 80 90
20

Tablo 3°’de ise XRD spektrumundan alinan veriler ile
Debye-Scherrer Formiilii kullanilarak hesaplanan ortalama tane
boyutu degerleri verilmistir. Tablodan goriilecegi gibi hem CoO
hem de NiO partikiiller nano yapidadir. Yapisal analiz
sonuglarina gore CoO ve NiO nanopartikiil tiretiminin basarili bir
sekilde gergeklestirildigi goriilmektedir.

Tablo 3. Ortalama Tane Boyutu Degerleri

Yapi Ortalama Tane Boyutu (nm)
CoO 43,6
NiO 16,1

Sekil 7°de CoO’e ait FESEM goriintiisii verilmistir. Tablo
4’de ise CoO EDX sonuglar listelenmistir.
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Sekil 7. CoO’e Ait FESEM Gorintasu

Tablo 4. CoO EDX Sonuglari

Element Atomik Ylizde (at.%)
Co 57,07
0 42.93

FESEM gorintllerinden goriilecegi gibi elde edilen CoO
homojen yapidadir. EDX sonuglar1 da yapida herhangi bir
safsizlik olmadigini teyit etmistir. Goriintiilerden hesaplanan
ortalama tane boyutu degerleri de XRD sonuglarim
desteklemektedir. Sentez sonucu saf ve homojen yapida CoO
nanopartikiil yapisi elde edilmistir.

Sekil 8’de NiO’e ait FESEM goriintiisii verilmistir. Tablo
5’de ise NiO EDX sonuglar listelenmistir.
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Sekil 8. NiO’e Ait FESEM Goruntusu

Tablo 5. NiO EDX Sonuglar:

Element Atomik Ylizde (at.%)
Ni 51,81
0 48.19

FESEM goriintiilerinden goriilecegi gibi elde edilen NiO
homojen yapidadir. EDX sonuglar1 da yapida herhangi bir
safsizlik olmadigini teyit etmistir. Goriintiilerden hesaplanan
ortalama tane boyutu degerleri de XRD sonuglarim
desteklemektedir. Sentez sonucu saf ve homojen yapida NiO
nanopartikiil yapisi elde edilmistir.

4. SONUC

Yapilan ¢alisma kapsaminda CoO ve NiO nanopartikiiller
sulu ortamda indirgenerek ¢okeltilme yontemiyle sentezlenmistir.
Elde edilen nanopartikiillerin yapisal ve yiizeysel Ozellikleri
incelenmis ve basarili bir sentez olup olmadigi arastirilmigtir.
Kobalt (11) nitrat [Co(NO3)2:6H20)] tuzu kullanilarak baslatilan
sentez sonucunda saf CoO nanopartikil ve Nikel (Il) nitrat
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[Ni(NO3)2-6H20)] tuzu kullanilarak baslatilan sentez sonucunda
saf NiO nanopartikiil elde edilmistir. CoO nanopartikiillerin
spektrumunda yer alan tiim piklerin, kiibik yapida CoO yapisinin,
NiO nanopartikillerin spektrumunda yer alan tim piklerin, kibik
yapida NiO yapisinin ASTM Kkarti ile birebir uyumlu oldugu
goriilmektedir. XRD spektrumundan alman veriler ile Debye-
Scherrer Formiilii kullanilarak hesaplanan ortalama tane boyutu
degerleri hem CoO hem de NiO partikiiller nano yapida oldugunu
gostermistir.  Yapisal analiz sonuglarima goére CoO ve NiO
nanopartikiil iiretiminin bagarili bir sekilde gerceklestirildigi
goriilmektedir. FESEM goriintiilerinden goriilecegi gibi elde
edilen CoO ve NiO homojen yapidadir. EDX sonuglar1 da bu
yapilarda herhangi bir safsizlik olmadigim1 teyit etmistir.
Gorlintlilerden hesaplanan ortalama tane boyutu degerleri de
XRD sonuglarint desteklemektedir. Yiizeysel analiz bulgulart da
sentez sonucu saf ve homojen yapida CoO ve NiO nanopartikiil
yapilariin elde edildigini gostermistir.

Calismanin devaminda, elde edilen nanopartikiillerin ikili
ve Grafen katkilanarak ticlii sentezleri de gerceklestirilecektir. Bu
ikili ve ticlii yapilar yiiksek sicakliklarda (1200°C) 1s1l isleme tabi
tutularak numunelerin Zeta Potansiyeli, XPS ve TEM analizleri
de yapilarak uygulama alanlar1 incelenecektir.
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TiP 2 DiYABET TEDAVISINDE KULLANILAN
MIGLITOL MOLEKULU VE OLASI
RADIKALLERININ DOCKING CALISMASI

Halil Ugur TASDEMIR!

1. GIRIS

Miglitol molekili kompleks karbonhidratlarin glikozo
doniigiimiinii engelleyen Tip-2 diyabet tedavisinde kullanilan bir
ilagc etken maddesidir. Miglitol molekili 6nemli bir ilag etken
maddesi oldugundan dolay1 literatiirde miglitol molekdilii ile ilgili
calismalar mevcuttur. Ornegin Pistara ve arkadaslar1 Miglitol
molekiiliiniin molekiiler docking calismasini
gerceklestirmiglerdir (Pistara, ve digerleri, 2011). Miglitol
molekilinin Tip-2 diyabet hastaligini tedavi edici etkisi Scott ve
Spencer tarafindan ¢alisilmistir (Scott & Spencer, 2000). Katsura
ve arkadaglar1 Miglitol molekiiliiniin farmakolojik 6zelliklerini
fareler tizerinde arastirmislardir (Katsura, Yukiharu, & Toji,
2001). Paulraj ve Muthu da miglitol molekulinin spektroskopik
Ozelliklerini ve molekiiler yapisini teorik ve deneysel metotlarla
aci1ga ¢ikarmislardir (Paulraj & Muthu, 2013).

Son yillarda ortaya ¢ikan viriis ve bakteriler yeni ilaglara
gereksinimi arttirmistir. Kovid-19 salgint bu durumun en iyi
ornegidir. Yeni ilaglar gelistirilirken kullanilan mevcut ilaglar goz
Oonline almir.  Genelde bir ilacin gelistirilmesine teorik
hesaplamalar basamag: ile baslanir. Oncelikle etken maddenin
molekiiler yapisi teorik hesaplama metotlar1 kullanilarak ortaya
cikarilir ¢linkii molekiiler yapi ele alinan molekiiliin elektriksel ve

L Dr., Necmettin Erbakan Universitesi Ahmet Kelesoglu Egitim Fakiiltesi, Fizik

Egitimi, halilugurtasdemir@gmail.com, ORCID: 0000-0002-6205-0092.
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spektroskopik ozellikleri ile yakindan iligkilidir. Bu anlamda
birinci adim olarak ele alinan molekiiliin molekiiler yapisinin
dogru bir sekilde acgiga ¢ikarilmasi gerekir. Molekiiler yapilari
tahmin edebilmek i¢in Yogunluk Fonksiyonelleri Metodu (DFT)
teorik hesaplamalarda yaygin bir sekilde kullanilir (Hehre,
Radom, Schleyer, & Pople, 1986; Foresman & Frisch, 1996;
Ruud, ve digerleri, 1994; Osmialowski, Kolehmainen, &
Gawinecki, 2001; Dega-Szafran, Katrusiak, & Szafran, 2006;
Tasdemir, Turkkan, Sayin, & Ozmen, 2016). Ortaya ¢ikarilan
molekiiler yap1 kullanilarak  molekiilin  elektriksel ve
spektroskopik 0Ozellikleri teorik hesaplama yontemleri ile
hesaplanir. DFT metodu bir molekiilin elektriksel ve
spektroskopik o6zelliklerini hesaplamada olduk¢a basarili bir
yontemdir (Castro & Figueroa-Villar, 2002; Sayin, Dereli,
Turkkan, Yuksel, & Birey, 2011; Kolandaivel & Senthilkumar,
2001). Molekiiler yapist ortaya cikarilan molekiiliin ne derece
etkili olabilecegini aragtirmak i¢in protein ve DNA gibi
makromolekiiller ile etkilesimi incelenir. Bu inceleme
simiilasyon ve hesaplama yontemleri ile gergeklestirilir. Bu
incelemeye gore sentezlenecek ilag etken maddesinin ne sekilde
olmas1 gerektigine karar verilir.

Bu calismada ila¢ etken maddesi olan miglitol
molekllinin ve miglitol molekiiliinde olusabilecek iki radikal
tiiriiniin molekiiler docking c¢aligmasi teorik hesaplama metotlari
ve simiilasyon programlar1 kullanilarak gerceklestirilmistir.

2. MIGLITOL MOLEKULUNUN MOLEKULER
YAPISI

Miglitol molekiiliiniin molekiiler yapis1 literatiire uygun
bir sekilde Gaussian 03 programi kullanilarak B3LYP/6-311++G
(d, p) metot baz seti kombinasyonu yardimiyla agiga ¢ikarilmistir
(Paulraj & Muthu, 2013) (Frisch, ve digerleri, 2003) (Becke,
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1993) (Stephens, Devlin, Chabalowski, & Frisch, 1994) (Lee,
Yang, & Parr, 1994). Hesaplama sonucunda elde edilen kararli
yapt Sekil 1 de verilmistir. Miglitol molekdlinin molekiler
yapist incelendiginde molekiil i¢i hidrojen bagi olustugu
sOylenebilir. Buna gore H22 ve O12 atomlar1 arasindaki mesafe
2.03 A° olarak hesaplanmistir. Bu mesafe hidrojen bag
mertebesindedir. Molekiil i¢i hidrojen bagi molekiildeki
kararliligi etkileyen faktorlerden biridir (Espinosa, Molins, &
Lecomte, 1998) .

Sekil 1. Miglitol Molekalinin Hesaplama Sonucunda Elde Edilen
Molekiiler Yapisi

Eslesmemis elektrona sahip atom molekiil veya iyonlara
radikal denir. Karbon merkezli radikaller alkil tipi, oksijen
merkezli radikaller ise alkoksi tipi radikaller olarak
isimlendirilirler (Bernhard, Close, Huttermann, & Zehner, 1977,
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Tasdemir, Sayin, Turkkan, & Ozmen, 2016). Miglitol
molekiiliinde alkoksi tipi radikal olusturmak i¢cin H22 numarali
Hidrojen atomu koparilmistir. Olusan radikalin en kararli hali
bulabilmek icin DFT/ B3LYP/6-311++ G (d, p) metot baz seti
kombinasyonu kullanilmistir. Alkoksi tipi radikal Radl olarak
adlandirilmigtir.  Olusan alkoksi tipi radikalin hesaplama
sonucunda bulunan en kararli yapis1 Sekil 2 gosterilmistir.

Sekil 2. Alkoksi (Radl) ve Alkil (Rad2) Tipi Radikallerin
Hesaplama Sonucunda Bulunan En Kararh Yapilan

Alkil tipi radikal olusturmak i¢in miglitol molekulinde
021 ve H22 (OH) atomlar1 koparilmistir. Olusan bu radikal Rad2
olarak adlandirilmistir. Rad2 radikalinin en kararli yapisim
bulmak i¢in de Rad1 radikalinin hesaplamasinda kullanilan metot
ve baz seti kombinasyonu kullanilmistir. Hesaplama sonucunda
Rad2 radikalinin bulunan en kararli yapis1 Sekil 2 de
gosterilmistir. Miglitol molekulindn N-terminal Human Maltase-
Glucoamylase (PDB ID: 3L4W) enzimi ile docking g¢alismasi
literatiirde mevcuttur (Sim, ve digerleri, 2010). Teorik hesaplama
sonucunda bulunan miglitol molekilinun ve olas iki radikalinin
3L4W enzimi ile docking ¢alismalart Auto Dock Vina programi
kullanilarak gergeklestirilmistir (Trott & Olson, 2010). Bu
docking c¢aligmalarinin similasyonlar1 Sekil 3’te verilmistir.
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Sekil 3. Miglitol Molekiiliiniin ve Olas1 ki Radikalinin 3L4W
Enzimi ile Molekiiler Docking Hesaplamalarinin Gosterimi
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Rad2

Miglitol molekiiliiniin ve olasi iki radikalinin 3L4W
enzimindeki aminoasitler ile etkilesimi Sekil 4’te verilmistir

Sekil 4. Miglitol ve iki Olas1 Radikalinin (Rad1 ve Rad2) 3L4W
Enzimindeki Aminoasitler ile Etkilesiminin 2 Boyutlu Gosterimi
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Molekiiler docking hesaplamalarinin sonuglarina goére
miglitol molekdli icin hesaplanan baglanma afinite enerjisi-5.2
kcal/mol, Radl icin hesaplanan baglanma afinite enerjisinin
degeri de -5.2 kcal/mol iken Rad2 icin hesaplanan baglanma
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afinite enerji degeri -5.3 kcal/ mol dir. Miglitol molekiilii ve olasi
iki radikalleri i¢in baglanma afinite enerjileri arasinda ¢ok biiyiik
fark bulunmamakla birlikte baglandiklar1 kisimdaki etkilestikleri
aminoasit gruplarinin  farklilik  gosterdigi  Sekil 4 ten
gorilmektedir. Afinite baglanma enerjisi en diisiik olan Rad2
radikalidir. Buna gore Rad2 radikalinin 3L4W enzimi ile
etkilesimi miglitol molekiiliine gore daha iyidir. Miglitol
molekiiliiniin, Rad1 ve Rad2 radikallerinin etkilestii aminoasit
gruplarinin  farklilik gdstermesi biyolojik aktivitenin farkl
olabilecegi anlamina gelebilmektedir.

3. SONUC

Kovid-19 pandemisi yeni ilaclara gereksinimi bitin
diinyaya  gostermistir.  Yeni ilaglar mevcut ilaglarin
doniistiiriilmesi ile de gerceklestirilir. Bu anlamda  ila¢ tasarimi
ve yeni ila¢ sentezi gunimizde ve gelecekte 6nemli bir konu
olmaya devam edecektir. Yapilan bu ¢alismada Tip-2 diyabet
tedavisinde kullanilan miglitol molekiiliiniin ve radikallerinin
biyolojik aktivitelerinin birbirleriyle kiyaslanmasi teorik olarak
gerceklestirilmistir.  Kiyaslama sonuglarma gore miglitol
molekuilinden elde edilecek radikaller daha farkli etkilesimler
gerceklestirmektedir. Buna gore ileride miglitol molekiiliinden
elde edilecek radikallerin etkileri deneysel olarak incelenebilir.
Boylece su anda ilag etken maddesi olarak kullanilan miglitol
molekdlunden daha aktif yeni ilag etken maddelerinin
sentezlenmesi icin gelecekte yapilacak caligmalara 151k
tutulmustur.
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MAVI ISIK FILTRELI GOZLUK
KULLANIMININ GOZ SAGLIGI UZERINDE
OLUSTURDUGU OLUMLU VE OLUMSUZ
ETKILERIN BELIRLENMESI*

Ash TURAL?
Dilara DURUKAN?
Ezgi KIRAN?

Ezgi Nur OZCAN?
Ozge ERDEM*

1. GIRIS

Gelisen teknoloji ile bireylerin ekran karsisinda gecirdigi
zaman da artmaktadir. Bu durum g6z saghgini olumsuz
etkilemekle birlikte géz saglig1 tlizerine yapilan ¢aligmalar1 da
artirmigtir.  Dilinya genelinde yasanan pandemi nedeniyle
okullarda egitim-6gretimin ¢evrimi¢i yontemlerle yapilmasi
bireylerin kiiclik yaslarda televizyon, bilgisayar, tablet, diziistii
bilgisayar ve telefon ekranlar1 karsisinda mavi 1s1ga maruz

1 Bu ¢alisma, TUBITAK 2209-A Universite Ogrencileri Arastirma Projeleri Destek
Programi tarafindan 2023 yil/1.dénem 1919B012307786 proje numarasi ile
desteklenen “Mavi Isik Filtreli Gozlik Kullammmm Goéz Saghgr Uzerinde
Olugturdugu Olumlu ve Olumsuz Etkilerin Belirlenmesi” isimli projeden
retilmistir.

2 QOptisyen, Bayburt Universitesi, Saglik Hizmetleri MYO, Tibbi Hizmetler ve
Teknikler ~ Bolumu,  turalaslil@gmail.com,  Durukandilaral2@gmail.com,
EzgEf2121@hotmail.com

Ogrenci, Bayburt Universitesi, Saghk Hizmetleri MYO, Tibbi Hizmetler ve
Teknikler Bolim, Ezginurozcan90@gmail.com

4 Dog. Dr., Bayburt Universitesi, Saghk Hizmetleri MYO, Tibbi Hizmetler ve
Teknikler Bolumu, ozgeerdem@bayburt.edu.tr, ORCID: 0000-0003-4542-941X.
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kalmalarima ve bunun sonucu olarak da goz yorgunlugunun
artmasina neden olmustur. Son yillarda giderek artan uykusuzluk,
goz yorgunlugu, gozlerde kuruluk gibi goéz rahatsizliklar
bireyleri mavi 11k filtreli g6zIik kullanimina sevk etmektedir.

Mavi 151k, gortniir 151k bolgesinin 380-500 nm arasinda
yer alan bir elektromanyetik dalgadir. Glinesten yayilan mavi-
mor 151tk goéz bebeklerinin 1518a tepkimesi ve odaklama
yapabilmesi bakimindan yararli iken, bilgisayar, telefon, tablet
gibi LED kaynakli teknolojiler kullanan cihazlardan yayilan
yiiksek enerjili mavi 151k ise zararlidir. Mavi 1s1k filtreli gézlik
kullanim1 ile mavi 1518in  géz {izerinde olusturabilecegi
zararlardan 6zel filtreler yardimiyla belirli bir 6lgiide korunmak
mumkdndur.

Bu bolimde, mavi 1sik filtreli gozlik kullaniminin
bireylerin goz saglig1 iizerinde olusturdugu olumlu ve olumsuz
etkileri belirlemek Uzere Optisyenlik alaninda yapilan bir
arastirma ¢aligmasindan bahsedilmistir.

2. CALISMA iCERIiGi
2.1. Materyal/Metot

Calismada, mavi 1sik filtreli gozlik kullaniminin
bireylerin goz saglig: iizerinde olusturdugu olumlu ve olumsuz
etkileri belirlemek icin, Trabzon ilinde yer alan 20 optik muessese
ve Trabzon’daki devlet hastanelerinde ¢alisan 8 gz doktoru ile
izinleri dahilinde ses kaydi altinda yari-yapilandirilmig miilakat
ile mavi 151k filtreli gozliik kullanan 18-45 yas aras1 50 katilimci
ile goniilliiliik esasina uygun olarak yiiz yize anket yapilmistir.
Ankette toplam 12 adet demografik ve agik uglu sorular
kullanilmistir. Optik miiesseseler ve goz doktorlar ile yapilan
miilakatlarda ise swrasiyla 13 ve 9 adet acik uc¢lu soru
kullanilmistir. Mulakat sirasinda duruma gore yeni sorular da
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sorulmustur. Calisma konusunun belirlenmesi ve anket
sorularinin  hazirlanmas1  i¢in literatiirdeki ~ kaynaklardan
(Turkoglu, Tirkoglu, & Kaya, 2013; Ates & Ayta¢ 2019)
yararlanilmistir.

Arastirmada sorulara verilen cevaplar SPSS 22.0 ile
frekans dagilimlar1 incelenerek degerlendirilmistir. Bdylece,
mavi 151k filtreli gozliik kullanimindan dogan olumlu ve olumsuz
etkiler ile mavi 151k filtreli gézligiin hangi rahatsizliklara kars1
kullanildig1/6nerildigi hakkinda bilgi edinilmistir.

2.2. Bulgular
2.2.1. Anket Formlarindan Elde Edilen Veriler

Anket calismasina katilan 50 katilimcinin tamami mavi
151k filtreli gozliik kullanmaktadir. Bu katilimcilarin cinsiyet
dagilimi Tablo 1’de verilmistir. Buna gore, ankete katilanlarin
cinsiyet dagiliminin orantili oldugu goriiliir.

Tablo 1. Anket Calismasina Katilanlarin Cinsiyet Dagilim

Say1 Yizde Gecerli Kimiulatif
Yizde Yuzde
Erkek 26 52,0 52,0 52,0
Kadin 24 48,0 48,0 100,0
Toplam 50 100,0 100,0

Anket calismasina katilanlarin yas dagilimi Tablo 2’de
verilmigtir. Buna gore, ankete katilanlarin belirtilen yas
araliklarina gore yaklasik olarak homojen bir yas dagilimina
sahip oldugu goriiliir.

Tablo 2. Anket Calismasina Katilanlarin Yas Dagilim

Erkek Kadmm Toplam Yuzde Gegerli Kamdlatif

Say1 Yizde Yizde
18-25 7 10 17 34,0 34,0 34,0
26-35 9 5 14 28,0 28,0 62,0
36-45 10 9 19 38,0 38,0 100,0
Toplam 26 24 50 100,0 100,0
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Anket caligsmasina katilanlarin hangi tiir gozliik kullandigi
Tablo 3’de verilmistir. Buna gore katilimeilarin % 48’inin miyop
ve % 40’1min ise miyop astigmat goz rahatsizligina sahip oldugu
tespit edilmistir.

Tablo 3. Anket Calismasina Katilanlarin Goz Rahatsizliklar:

Toplam . Gecerli  Kamulatif
Erkek Kadin Sgyl Ylzde Yl'.]gzde Yiizde

Miyop 17 7 24 48,0 48,0 48,0
Hipermetrop 2 2 4 8,0 8,0 56,0
Astigmat 0 1 1 2,0 2,0 58,0
Miyop ve 6 14 20 400 40,0 98,0
Astigmat
Hipermetrop 1 0 1 20 2,0 100,0
ve Astigmat ' ' '
Toplam 26 24 50 100,0 100,0

Anket caligmasina katilanlarin gozliik kullanim siireleri
Tablo 4’de verilmistir. Buna gore, katilimcilarin % 54 gibi blyuk
bir kismmin 10 yil ve {izeri zamandir gozliik kullandiklar
belirlenmistir.

Tablo 4. Anket Cahismasina Katilanlarin Gozliik Kullanim

Sureleri
Erkek Kadim Toplam Yuzde Gecgerli Kumdulatif
Sayi Yizde Yilzde

1 yil-3 yil 2 5 7 14,0 14,0 14,0
3 yil-6 yil 7 2 9 18,0 18,0 32,0
6 yil-9 yil 3 4 7140 14,0 46,0
10 yil ve iizeri 14 13 27 54,0 54,0 100,0
Toplam 26 24 50 100,0 100,0

Anket calismasina katilanlarin mavi 151k yayan ekran
karsisinda gecirdikleri bir giinliilk ortalama siire Tablo 5°de
verilmistir. Buna gore, katilimcilarin % 42’si 5-8 saat kadar bir
zamani ekran karsisinda gecirmektedir.
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Tablo 5. Anket Calismasina Katilanlarin Mavi Isik Yayan Ekran
Karsisinda Gegirdikleri Bir Gunlik Ortalama Sire

Toplam N Gegerli Kumaulatif

Erkek Kadin Say1 Yizde Yiizde Yiizde
2 saat-5 6 4 10 200 20,0 20,0
saat
5 saat-8 11 10 21 42,0 42,0 62,0
saat
8 saat-10 4 5 9 180 18,0 80,0
saat
10 saat 5 5 10 200 20,0 100,0
uzeri
Toplam 26 2 50 100,0 100,0

Anket ¢alismasina katilanlarin mavi 11k filtreli gozlik
kullanimin tercih etme nedenleri Tablo 6’da verilmistir. Buna
gore, katihmcilarin % 40’1 ekran karsisinda fazla vakit
gecirdikleri i¢in, % 16’s1 meslek geregi ve % 14’0 ekran
karsisinda gbz yorgunlugunu Onledigi icin mavi 1s1ik filtreli
gozliik kullandiklarini belirtmislerdir.

Tablo 6. Anket Calismasina Katilanlarin Mavi Isik Filtreli Gozliik
Kullanimini Tercih Etme Nedenleri

Toplam . Gegerli Kumulatif

Erkek Kadin Sayi Yuzde Yiizde Yiizde
Doktor tavsiyesi 1 1 2 4,0 4,0 4,0
Optisyen tavsiyesi 1 0 1 2,0 2,0 6,0
Meslek geregi 4 4 8 16,0 16,0 22,0
Ekran karsisinda 11 9 20 40,0 40,0 62,0

fazla vakit gecirme

Ekran karsisinda
zararh isinlarda 1 5 6 12,0 12,0 74,0
gozii korumasi

Ekran karsisinda
g0z yasarmasini 1 1 2 4.0 4.0 78,0
Onlemesi

Ekran karsisinda
g0z yorgunlugunu 5 2 7 14,0 14,0 92,0
Onlemesi

Ekran karsisinda
goz/bas agrisim 1 1 2 4.0 4,0 96,0
Onlemesi

Ekran karsisinda
g6z kurulugunu 1 0 1 2,0 2,0 98,0
Onlemesi

Ekran karsjsmda ) 0 1 1 2,0 2,0 100,0
parlamayi 6nlemesi

Toplam 26 24 50 100,0 100,0
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Anket caligmasina katilanlar, mavi 151k filtreli gozlik
kullanimimin g6z sagliklart {izerindeki olumlu etkilerini Tablo
7’deki gibi tanimlamislardir. Buna gore, katilimcilarin % 42’si
mavi 151k filtreli gézliigiin goz yorgunlugunu azalttigini, % 16°s1
ekran karsisinda parlamayr oOnledigi ve zararli 1sinlardan
korudugunu ve yine % 16’s1 g0z-bas agrisini ve géz sulanmasini
onledigini belirtmislerdir. Katilimcilar mavi 11k filtreli gozligiin
olumsuz etkilerinin soruldugu soruya genel olarak, “Olumsuz
etkisi  yoktur/rastlamadim/bilmiyorum” diye cevaplar
vermiglerdir. 3 kadin ve 4 erkek katilimer mavi 1sik filtreli
gozIligiin olumsuz etkilerinden bahsederken “Etrafi sarimtirak
gostermesi/soluk gostermesi”, 1 kadin katilimci “Bas agrisi
yapmas1”, 2 erkek katilimcr “Nadiren goz kurulugu yapmasi”
diye belirtmislerdir.

Tablo 7. Anket Calismasimna Katilanlarin Belirttigi Mavi Isik
Filtreli GozIik Kullanimimin Goz Saghgi Uzerindeki Olumlu

Etkileri
Toplam " Gegerli Kumdalatif
Erkek Kadin Sayi Yizde Yiizde Yiizde

Gozleri
dinlendirici etkisi 2 2 480 80 80
Goz kurulugunu 2 1 3 6,0 6,0 14.0
azaltmasi
Goz yorgunlugunu 9 21 420 42,0 56,0
azaltmasi
Ekran karsisinda
parlamay1 6nleme 2 6 8 16,0 16,0 72.0
ve zararh 1sinlarda
koruma
GO0z-bas agrisim ve
g6z sulanmasim 3 5 8 16,0 16,0 88,0
onlemesi
Goz saghgina
faydali olup yasam 5 1 4 80 8,0 96,0
kalitesini
arttirmasi
Normal gézlukten 1 0 1 20 20 98,0
farki yok
Cevapsiz 1 0 1 2,0 2,0 100,0
Toplam 26 24 50 100,0 100,0
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2.2.2.0ptisyenlik Miiesseseleri ile Yapilan Yari-
Yapilandirilmis Miilakatlardan Elde Edilen
Veriler

20 adet optisyenlik miiessesesi ile yapilan yari-
yapilandirilmis miilakat sonucu o6zellikle U¢ soruya verilen
cevaplarin frekans dagilimlar1 gesitlilik gostermistir. Bu sorular
asagida verilmistir:

Soru A: Hangi sikdyetlerle gelen miisterilere mavi isik
filtreli cam Onerilir?

Soru B: Mavi wsik filtreli cam kullaniminin avantaj ve
dezavantajlar: nelerdir?

Soru C: Mavi wsik filtreli cam kullanan miisterilerinizden
aldiginiz olumlu-olumsuz geri donutler nelerdir?

A sorusuna verilen cevaplar Tablo 8’de verilmistir. Tablo
8’den goriilecegi lizere, optik miiesseseler miisterilerin % 25’inin
gbz yorgunlugu ve bas agrist nedeniyle, diger % 25’inin mavi
1s18a hassasiyet nedeniyle, % 20’sinin doktorun yazdigi regete
nedeniyle, diger % 20’sinin ise Qboz yorgunlugu ve goz
sulanmasi/yanmasi/kizarmasi nedeniyle mavi 1s1k filtreli gozliik
kullanmak istediklerini belirtmislerdir.

Tablo 8. A Sorusuna Verilen Cevaplar

Gegerli  Kumdlatif

Sayt YUzde  Gigde  Yiizde

Goz yorgunlugu ve bas agrisi 5 25,0 25,0 25,0
Doktorun yazdigi receteye gore 4 20,0 20,0 45,0
Mavi 1518a hassasiyet 5 25,0 25,0 70,0
Goz yorgunlugu ve goz 4 20,0 20,0 90,0
sulanmasi/'yanmasy/kizarmasi

Goz kurulugu 1 5,0 5,0 95,0
Goz yorgunlugu 1 5,0 5,0 100,0
Toplam 20  100,0 100,0

B sorusuna verilen cevaplar (avantaj-dezavantaj) Tablo 9
ve Tablo 10’da verilmistir. Tablo 9’dan optik miiesseselere gore,
mavi 1sik filtreli gozIliigiin avantajlar1 arasinda One ¢ikan
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cevaplarin; g6z yorgunlugu ve bas agrisin1 6nlemesi (% 40) ile
ekran 151811 siiziip zararh 1ginlardan korumasi (% 30) oldugu
gorullr. Tablo 10°da, optisyenlik miesseselerine gore mavi 1s1k
filtreli gozIliglin dezavantajlar1 arasinda sarimtirak bir gorinti
olusturmasi (% 30) 6ne c¢ikmaktadir. Bunun yaninda, % 60
oraninda dezavantaj1 yoktur cevabi verilmistir.

Tablo 9. B Sorusuna Verilen Cevaplar (Avantajlar)

. Gegerli Kumdlatif

Sayt  Yizde Yizde Yuzde
Goz yorgunlugu ve bas agrisim 8 40,0 40,0 40,0
Onlemesi
Ekran 15181 siiziip zararh 6 30,0 30,0 70,0
1sinlardan korumasi
Gozu dinlendirmesi 1 50 5,0 75,0
Ekran karsisinda kalma siiresini 1 50 5,0 80,0
arttirmasi
Gozlerde kizarma ve sulanmayi 1 5,0 50 85,0
onlemesi, uyku diizensizligini
gidermesi
Yasam Kkalitesini arttirir. 3 15,0 15,0 100,0
Toplam 20 100,0 100,0

Tablo 10. B Sorusuna Verilen Cevaplar (Dezavantajlar)

. Gecerli Kumdalatif

Sayr  Yizde Yuzde Yuzde
Sarmmtirak bir goriintii 6 30,0 30,0 30,0
olusmasi
Goz kurulugu yapmasi 1 5,0 5,0 35,0
Fotograf ¢cekiminde 1 50 50 40,0
parlamas
Dezavantaji yok 12 60,0 60,0 100,0
Toplam 20 100,0 100,0

C sorusuna verilen cevaplar (olumlu-olumsuz geri dont)
ise Tablo 11 ve Tablo 12’de verilmistir. Tablo 11’den
miisterilerin optik miiesseselere verdikleri olumlu geri doniitler
arasinda % 50 oraninda yasam kalitesini yiikseltmesi, genellikle
olumlu doniitler alinmasi ve yeniden tercih edilmesi cevabi 6ne
cikmistir. % 20 oraninda ise goz yorgunlugu ve bas agrisini
gidermesi cevabi verilmistir. Olumsuz geri doniitler arasinda ise,
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% 30 oraninda sarimtirak bir gorlintli olusturmasi cevabi
verilmigtir. Bunun yaninda, optik miiesseseler % 55 oraninda

olumsuz geri doniit almadiklarini belirtmislerdir.

Tablo 11. C Sorusuna Verilen Cevaplar (Olumlu Geri Déniit)

Gecerli  Kumulatif

Sayr  Yizde Yuzde Yuzde
Goz yorgunlugu ve bas agrisimi 4 200 20.0 200
gidermesi ' ' '
Bilgisayar 15181n1 siiziip zararh
1sinlardan korumasi 3 150 15,0 350
Gozlerdeki kizarma ve 1 50 50 400
yasarmayi gidermesi ' ' '
Parlamay1 onleyip net goriis 1 50 50 450
saglamasi ‘ ' '
Yasam Kkalitesini yiikseltmesi,
genellikle olum[u donutlfer 10 50,0 50,0 95.0
alinmasi ve yeniden tercih
edilmesi
Geri doniit alinmadi 1 5,0 5,0 100,0
Toplam 20 100,0 100,0

Tablo 12. C Sorusuna Verilen Cevaplar (Olumsuz Geri Donut)

Gecerli  Kamulatif

Sayi Y0zde  Vivde  viizde
Olumsuz geri doniit alinmadi 11 55,0 55,0 55,0
Sarimtirak bir goriintii 6 30,0 30,0 85,0
olusmasi
Go6z kurulugu yapmasi 1 5,0 5,0 90,0
Geri doniit alinmadi 1 5,0 5,0 95,0
%30-40 olumsuz geri dénit 1 50 5,0 100,0
oluyor
Toplam 20 100,0 100,0

114



Fizik

2.2.3.Uzman Goz Doktorlar1 ile Yapilan Yari-
Yapilandirilmis Mulakatlardan Elde Edilen
Veriler

Trabzon Il Saglik Miidiirliigiinden alian izine dayanarak
Trabzon Merkezdeki iki devlet hastanesinde Uzman/Operator
GOz Doktoru olarak c¢alisan doktorlardan 8’1 ile yari-
yapilandirilmis miilakat ger¢eklestirilmistir. Elde edilen cevaplar,
miilakattaki 6rneklem sayisinin az olmasi nedeni ile kiimiilatif
dagilimda belirtilmemistir. Aragtirmada yol gosterici olmasi
bakimindan doktorlar ile yapilan mdulakatlardan elde edilen
cevaplar asagida listelenmistir:

a) Mavi 1sik filtreli gozlik kullanimi retinayr zararli
1sinlardan  koruyarak g6z yorgunlugu, g6z agrisi ve goz
kurulugunu 6nler.

b) Mavi g1k filtreli gozliikler, daha ¢ok ekran karsisinda
fazla zaman gegiren meslek gruplarina onerilir.

) Mavi 151k filtreli gozliik kullanilmadig: takdirde, kuru
g6z sendromu, ARMD (makiila dejenerasyonu), gz yorgunlugu
gibi rahatsizliklar ortaya ¢ikabilir.

d) Kirma kusuru yiiksek olan hastalara (katarakt, sari
nokta hastaliklar1), genetik olarak retina dejenerasyonuna yatkin
olan hastalara ve cocuk hastalara mavi 1s1k filtreli gozliik
kullanimi 6nerilmemektedir.

e) Mavi 1sik filtresi hem dereceli hem de VP camlara
uygulanabilmektedir.

3. SONUC

Yapilan ¢alismadan elde edilen sonuglara gére, mavi 151k
filtreli g6zIik kullanimina daha ¢ok ekran karsisinda fazla zaman
(5-8 saat) gegiren meslek gruplarinda g¢alisanlarda ve ekran
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karsisinda g0z yorgunlugu/sulanmasi/yanmasi/kizarmasi gibi
sikayetleri olan bireylerde rastlanmaktadir. Cocuk yastaki
bireyler ile g6z kirma kusuru yiiksek olan ve retina
dejenerasyonuna genetik yatkinligi olan bireylere mavi 1sik
filtreli gozlik kullanimi 6nerilmemektedir. Mavi 1sik filtreli
g6zIigiin gbz yorgunlugunu azalttigi, ekran karsisinda parlamay1
engelledigi ve g0zl zararli 1sinlardan korudugu, gdz-bas agrisi ve
goz sulanmasii Onledigi tespit edilmistir. Mavi 11k filtreli
gozligiin bu calismada tespit edilen olumsuz etkisi ise renk
kalitesine etki ederek sarimtirak bir goriintii olusturmasidir. Mavi
1518a kars1 hassasiyeti olan ve ekran karsisinda fazla zaman
harcayan bireyler mavi 151k filtreli gozlik kullanmadiklari
takdirde ileriki zamanlarda kuru g6z sendromu, ARMD (makiila
dejenerasyonu) ve g6z yorgunlugu gibi rahatsizliklar
yasayabilirler.

116



Fizik

KAYNAKCA

Ates, E., & Aytag, N. (2019). Adana Il Saglik Miidiirliigiinde
Bilgisayar Kullanan Calisanlarda Go6z Kurulugu
Sikliginin Degerlendirilmesi. 3. International 21. National
Public Health Congress-2019.

Tirkoglu, K., Tirkoglu, M. E., & Kaya, E. (2013). Gozluk
Kullanicilarinin ~ Sorunlar1, Beklentileri ve Co6zim
Onerileri. Suleyman Demirel University The Journal of
Visionary, 4 (8), 63-82.

117



Fizik

GOZLUK KULLANIMI VE SATISLARINI
MEVSIMSEL OLARAK ETKILEYEN
FAKTORLERIN BELIRLENMESI VE COZUM
ONERILERIi!

Nimet OKMEN?
Emine TATAR?
Kerime AKYOL?
Berat OGUT?
Ozge ERDEM*

1. GIRIS

Dort mevsim boyunca kullamilan gozlikler goz
sagligimiz1 korurken bir yandan da bazi sorunlara yol acar. Kis
aylarinda siirekli optik gozliik kullanmak zorunda olanlarin en
biiylik problemi, camlarin bugulanmasidir. Kis mevsiminde en
cok tercih edilen camlar, polarize camlardir. Bunun sebebi,
polarize camlarin karli havalarda bugulanmay1 6nlemesi, fazla
15181 azaltmas1 ve boylece rahat bir goriis alan1 saglamasidir. Yaz
mevsiminde ise, fazla 11kl ortamlarda koyulasarak kisiyi 1siktan
korudugu i¢in fotokromatik camlar daha ¢ok tercih edilir. Gozlik

1 Bu ¢alisma, TUBITAK 2209-A Universite Ogrencileri Arastirma Projeleri Destek
Programi tarafindan 2023 yil/1.dénem 1919B012307603 proje numarasi ile
desteklenen “Gozliik kullanimu ve satiglarini mevsimsel olarak etkileyen faktorlerin
belirlenmesi ve ¢6zim 6nerileri” isimli projeden tiretilmistir.

2 QOptisyen, Bayburt Universitesi, Saglik Hizmetleri MYO, Tibbi Hizmetler ve
Teknikler Bolumi, nimetokmen23@gmail.com, beratogut161@icloud.com

Ogrenci, Bayburt Universitesi, Saghk Hizmetleri MYO, Tibbi Hizmetler ve
Teknikler Bolim, emime.ttr4618@gmail.com, akyolkerime8@gmail.com

4 Dog. Dr., Bayburt Universitesi, Saghk Hizmetleri MYO, Tibbi Hizmetler ve
Teknikler Bolumu, ozgeerdem@bayburt.edu.tr, ORCID: 0000-0003-4542-941X.
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kullanicilarinin mevsimsel olarak karsilastiklar1 pek ¢ok problem
vardir. Asirt soguk ve sicak ortamlar, sisli hava, kar ve yagmur
yagis1, don olaylar1 gibi aniden degisen ya da uzun siiren olumsuz
hava sartlar1 rahat bir sekilde gozliik kullanimini engeller.
Mevsimsel olarak olusan ve gozliik kullanicilarini pek ¢ok agidan
etkileyen ¢atlama, bugulanma, kayma gibi dezavantajli
durumlarin belirlenmesi ve bu sorunlara uygun ¢éziim Onerileri
getirilmesi hem gozliik kullanicilarina uzun siireli ve ergonomik
gozluk kullanim imkani saglayacak hem de gozlik satiglarini
iyilestirecek bir yontemdir.

Bu projede, anket calismasi yapilarak gozliik satiglarinda
18-45 yas aras1 70 adet gozliik kullanicisinin mevsimsel olarak
gozlik kullannminda karsilagtiklar1  sorunlar belirlenmistir.
Belirlenen sorunlarin gozliik satiglar1 {izerine etkisini arastirmak
icin 30 adet optisyenlik muiessesesi ile yari-yapilandirilmis
miilakat yapilmistir. Elde edilen veriler analiz edilerek tespit
edilen mevsimsel problemlere ¢oziim onerileri sunulmustur.

2. CALISMA iCERIiGi
2.1. Materyal/Metot

Calismanin 6rneklemini Erzurum ve Bayburt illerindeki
18-45 yag aras1 toplam 70 adet gozliik kullanicisi ile Diyarbakir
ve Mugla illerinde gozliik satis1 yapan toplam 30 adet optisyenlik
muessesesi olusturmaktadir. Calismada kullanilan ankette toplam
10 adet demografik ve agik uglu soru yer almistir. Anketler
goniilliilik esasina uyularak yilizyiize yapilmistir. Optik
miiesseseler ile yapilan miilakatlarda ise 6 adet agik uglu soru
kullanmilmistir. Milakatlar, izin dahilinde ses kaydi altinda
yapilmistir. Miilakat sirasinda duruma gore yeni sorular da
sorulmustur. Calisma konusunun belirlenmesi ve anket
sorularimin  hazirlanmas1  ig¢in  literatirdeki  kaynaklardan
(Turkoglu, Tirkoglu, & Kaya, 2013; Ates & Aytag 2019)
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yararlanilmigtir. Arastirmada sorulara verilen cevaplar SPSS 22.0
ile frekans dagilimlar1 incelenerek degerlendirilmistir.

2.2. Bulgular
2.2.1. Anket Formlarindan Elde Edilen Veriler

Calismada, 18-45 yas arast Bayburt ve Erzurum’da
yasayan toplam 70 adet gozliik kullanicisina uygulanan anket
formlarindan elde edilen veriler analiz edilmis ve sonuglar
asagida tablolar halinde sunulmustur.

Bayburt ve Erzurum illerinde anket ¢alismasina katilan
gozlik kullanicilarinin cinsiyet dagilimi Tablo 1’de verilmistir.
Buna gore, ankete katilanlarin cinsiyet dagiliminin (% 52,86
erkek, % 47,14 kadin) yaklasik olarak orantili oldugu goriiliir.

Tablo 1. Anket Calismasina Katilanlarin Cinsiyet Dagilimi

Say1 Yuzde (%) Gegerli Kumaulatif
Yilzde Ylzde
Erkek 37 52,86 52,86 52,86
Kadin 33 47,14 47,14 100,00
Toplam 70 100,00 100,00

Bayburt ve Erzurum illerinde anket c¢aligmasina
katilanlarin yas dagilimi Tablo 2’de verilmistir. Buna gore ankete
katilim isteginin agirlikli olarak 18-25 (% 37,15) ve 26-35 (%
35,71) yas gruplarinda oldugu goriiliir.

Tablo 2. Anket Calismasina Katilanlarin Yas Dagilim

Erkek Kadmm Toplam  Yilzde  Gecgerli Kuimaulatif

Sayi (%) Ylzde Yilzde
18-25 10 16 26 37,15 37,15 37,15
26-35 16 9 25 35,71 35,71 72.86
36-45 11 8 19 27,14 27,14 100,00
Toplam 37 33 70 100,00 100,00

Anket calismasina katilanlarin goz rahatsizliklar1 Bayburt
ve Erzurum illeri igin sirasiyla Tablo 3 ve Tablo 4’de verilmistir.
Buna gore toplam anket katilimci sayisinin (70 kisi) yaklasik %
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35’inin miyop ve % 26’sinin ise astigmat g6z rahatsizligina sahip
oldugu tespit edilmistir. Bayburt ilinde miyop goz rahatsizligi,
Erzurum ilinde ise miyop ile astigmat goz rahatsizliklar1 one
cikmustir.

Tablo 3. Bayburt ilinde Anket Calismasina Katilanlarin Goz

Rahatsizliklari
Erkek Kadin Toplam Yulzde
Say1 (%)
Miyop 8 7 15 21,43
Hipermetrop 3 0 3 4,28
Astigmat 4 4 8 1143
Miyop ve astigmat 3 4 7 10,00
Hipermetrop ve astigmat 2 0 2 2,86
Toplam 20 15 35 50,00

Tablo 4. Erzurum ilinde Anket Calismasina Katilanlarin Goz

Rahatsizliklar:
Erkek Kadn Toplam Yuzde (%)
Say1
Miyop 8 2 10 14,29
Hipermetrop 4 4 8 11,43
Astigmat 3 7 10 14,29
Miyop ve Astigmat 1 5 6 8,57
Hipermetrop ve Astigmat 1 0 1 1,42
Toplam 17 18 35 50,00

Anket ¢alismasina katilanlarin gozlikk kullanim siireleri
Bayburt ve Erzurum illeri icin Tablo 5 ve Tablo 6’da verilmistir.
Buna gore, Bayburt ve Erzurum illerindeki katilimcilar sirasiyla
agirlikl olarak 6-9 yildir ve 3-6 yildir gézlikk kullanmaktadirlar.
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Tablo 5. Bayburt ilinde Anket Calismasina Katilanlarin Gozliik
Kullanim Sureleri

Erkek Kadmm Toplam Yizde

1 yil-3 yul 5 3 8 1143
3 yil-6 yil 1 4 5 7,14
6 y1l-9 yil 8 4 12 17,14
10 yl ve iizeri 6 4 10 14,29
Toplam 20 15 35 50,00

Tablo 6. Erzurum ilinde Anket Calismasina Katilanlarin GozIlik
Kullanim Siireleri

Erkek Kadin Toplam Yizde

1 y1l-3 y1il 3 4 7 10,00
3 yil-6 yil 7 10 17  24.29
6 yil-9 yuil 1 2 3 4,28
10 y1l ve iizeri 6 2 8 11,43
Toplam 17 18 35 50,00

Anket ¢alismasina katilanlarin kullandiklar1 gozliik cami
cesitleri Bayburt ve Erzurum illeri i¢in sirastyla Tablo 7 ve Tablo
8’de verilmistir. Buna gore, her iki il icin de gozlik
kullanicilarinin  yaklasik yarisinin kullandiklart gozlik cesidi
hakkinda bilgilerinin olmadig: tespit edilmistir. Katilimcilarin
diger yarisi ise verdikleri cevaplarda organik, kaplamali, mineral
ve mavi 151k filtreli gozliikk camlar1 kullandiklarini belirtmislerdir.

Tablo 7. Bayburt ilinde Anket Calismasina Katilanlarin
Kullandiklar1 Gozliik Cami Cesitleri

Erkek Kadin Toplam Ylzde

Mineral cam 2 0 2 2,86
Organik cam 3 4 7 10,00
Kaplamali cam 5 4 9 1285
Mavi 151k korumah cam 0 0 0 0,00
Cevapsiz 10 7 17 24,29
Toplam 20 15 35 50,00
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Tablo 8. Erzurum ilinde Anket Calismasia Katilanlarin
Kullandiklar1 Gozliik Cam Cesitleri

Erkek Kadmm Toplam Yizde

Mineral cam 3 2 5 7,14
Organik cam 3 4 7 10,00
Kaplamali cam 2 3 5 7,14
Mavi 151k korumah cam 0 1 1 1,43
Cevapsiz 9 8 17 24,29
Toplam 17 18 35 50,00

Anket calismasina katilanlarin kullandiklar1 c¢ergeve
cesitleri, Bayburt ve Erzurum illeri i¢in sirasiyla Tablo 9 ve Tablo
10°da verilmistir. Buna gore her iki il i¢in de katilimcilar, agirlikl
olarak kemik ve metal cerceve kullandiklarini belirtmislerdir.
Toplam katilimer sayisinin (70 kisi) % 41,46’s1 kemik cerceve
cevabini verirken, % 29,99’u metal ¢ergeve cevabini vermistir.

Tablo 9. Bayburt ilinde Anket Calismasina Katilanlarin
Kullandiklar1 Cerceve Cesitleri

Erkek Kadmm Toplam Ylzde
Kemik cerceve 6 5 11 15,72

Metal cerceve 6 3 9 12,85
Faset cerceve 1 0 1 1,42
Nildr cerceve 4 0 4 5,72
Cevapsiz 3 7 10 14,29
Toplam 20 15 35 50,00

Tablo 10. Erzurum ilinde Anket Cahsmasina Katilanlarin
Kullandiklar: Cerceve Cesitleri

Erkek Kadmm Toplam Ylzde
Kemik cerceve 9 9 18 25,74

Metal cerceve 5 7 12 17,14
Faset cerceve 1 0 1 1,42
Nildr cerceve 2 1 3 4,28
Cevapsiz 0 1 1 1,42
Toplam 17 18 35 50,00

Anket calismasina katilanlarin gozliik kullanimi sirasinda
mevsimsel olarak karsilastiklar1 sorunlar, Bayburt ve Erzurum
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illeri i¢in sirastyla Tablo 11 ve Tablo 12’de listelenmistir. Bunun
icin katilimcilara gozliik kullanirken en sik karsilastiklar:
sorunlardan 3 tanesini mevsimi ile birlikte belirtmeleri
istenmistir. Bu kisimda katilimcilardan bazilar1 sadece bir sorun
belirtmis ya da ilgili soruyu cevapsiz birakmiglardir. Tablolar
incelendiginde, her iki il i¢in de katilimcilarin en ¢ok kis ve yaz
mevsimlerinde sorun yasadiklari tespit edilmistir. Kig sartlarinin
agir gectigi her iki il igin gozliik kullanicilarinin kig mevsiminde
siklikla gbzliik camimin bugulanmasi sorunu ile karsilastiklar
goralur. Yaz mevsimi sicakliginin Ege ve Akdeniz bolgelerindeki
illere gore nispeten daha diisiik oldugu ve yazin kurak gegtigi her
iki ilde yaz mevsiminde daha ¢ok gozliigiin/¢er¢cevenin terleme
yapmasi, terleme nedeniyle gozliiglin yiizden kaymasi ve
oksitlenme sorunlarinin 6ne ¢iktigi tespit edilmistir.

Tablo 11. Bayburt Ilinde Anket Cahismasina Katilanlarin Gézliik
Kullammmi Sirasinda Mevsimsel Olarak Karsilastiklar1 Sorunlar

ilkbahar Yaz Sonbahar Kis

Bugulanma 0 0 0 26
Islanma nedeniyle goriis netliginin 2 0 2 6
bozulmasi

Yiizde iz ¢ikmasi/burnu, kulagi 0 0 0 0
stkma

Tozlanma/kirlenme 1 3 1 1
Terleme yapmasi 0 5 0 0
Camin/¢ercevenin 0 3 0 0
diismesi/kaymasi

Parlama/yansima yapmasi 0 2 0 0
Kasint1 yapmasi 1 0 0 0
Oksitlenme 0 4 0 0
Toplam 4 17 3 33
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Tablo 12. Erzurum ilinde Anket Cahsmasina Katilanlarin Gozliik
Kullanimi Sirasinda Mevsimsel Olarak Karsilastiklar: Sorunlar

Ilkbahar Yaz Sonbahar Kis

Bugulanma 0 0 1 21
Islanma nedeniyle goriis netliginin 0 0 1 3
bozulmasi

Yiizde iz ¢ikmasy/burnu, kulag: 0 5 0 1
sikma

Tozlanma/kirlenme 0 1 0 5
Terleme yapmasi 0 8 0 0
Camin/¢ercevenin 0 4 0 0
diismesi/kaymasi

Parlama/yansima yapmasi 0 1 0 0
Kasimnti yapmasi 0 1 0 0
Oksitlenme 0 6 0 0
Toplam 0 26 2 30

2.2.2.0ptisyenlik Miiesseseleri ile Yapilan Yari-
Yapilandirilmis Miilakatlardan Elde Edilen
Veriler

Mugla ve Diyarbakir illerindeki toplam 30 adet optik
miiessese ile yapilan yari-yapilandirilmis miilakatlardan elde
edilen cevaplar asagida listelenmistir:

a) Mugla ili katilimcilarina gore, gozliik satis1 daha ¢ok
ilkbahar, yaz ve sonbahar aylarinda artar. Diyarbakir ili
katilimcilarina gore ise yaz ve kis aylarinda gozliik satiginda artig
goriiliir. Numarali ve numarasiz glines gozIligii satisit Mugla’da
yazin artarken, Diyarbakir’da yaz ve kis aylarinda artar. Her iki il
icin de optik gozliik satisi, daha ¢cok okul doneminde ve kis
aylarinda goriiliir. Siklikla antirefle kaplamali, kolormatik,
ultraviyole/mavi 151k korumali, progresif ve polarize camlar ile
ince cerceveli gozllkler tercih edilir.

b) Mugla ve Diyarbakir illeri katilimcilarina gore, kis
aylarinda giines gozIiigii satis1 azalirken, numarali gozliik satisi
okul déneminde artar. Ayrica, Mugla ili katilimcilarina gore kis
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aylarinda kolormatik cam satis1 azalip mavi 151k korumali cam
satig1 artar.

€C) Mugla ve Diyarbakir illeri katilimcilarina gore,
cam/cerceve/gozlik sapr kirilmasi, cam degistirme, vida
gevsemesi, c¢erceve tamiri gibi sorunlar ile her mevsim
karsilagilir. Mugla ili katilimcilarina goére, yazin daha ¢ok terleme
nedeniyle gozliigiin kaymasi ve oksitlenme, gergevenin yiize bol
gelmesi nedeniyle burunluk degisimi gibi sorunlar 6ne c¢ikar.
Diyarbakair ili katilimeilarina gére yazin daha ¢ok cam tizerindeki
kaplamanin bozulmasi ve ¢izilme sorunlar1 olurken kis aylarinda
ise bugulanma sorunu goruliir.

d) Mugla ve Diyarbakir ili katilimcilarina goére, gozlik
kullanicilarinin karsilastiklar1 sorunlara karsi yapilanlar soyledir:
Cerceve kirilmalarina kars1 miisterilere esnek cerceveler énerilir.
Kirilma ve ¢izilmelere karsi direngli camlar onerilir. Oksitlenme
ve terleme sorununa karsi hafif kemik cerceveler onerilir. Cam
cizilmesine kars1 daha zor asinan kaplamalar Onerilir. Gozlik
temizligi ve kullanimi hakkinda bilgi verilir. Cergceve tamiri ve
cam degisimi yapilir. Ayrica Diyarbakir ili katilimcilarina gore
kisin bugulanmalara kars1 sprey ve kaplamalar onerilir.

e) Mugla ili katilimcilarina gére, Mugla’nin turistik sicak
bir il olmasi nedeniyle giines 1sinlarindan korunma yazin gozliik
satigint olumlu etkileyen en 6nemli faktordiir. Diyarbakir ili
katilimcilarina gore ise, kisin kotli hava sartlari ile yazin il disina
goc verilmesi gozliik satigin1 olumsuz etkiler.

f) Mugla ili katilimcilarina gore, giines gozliigii fiyatlar
kisin daha diisiik iken optik gozliiklerin fiyatt mevsime gore
degismemektedir. Diyarbakir katilimcilarina gore ise, kigin giines
gozIigl fiyatlar1 ve yaz aylarinda ise optik gozliik fiyatlar
indirimlidir.
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3. SONUC

Bu ¢alismadan elde edilen verilere gore, birbirine benzer
iklime sahip olan Bayburt ve Erzurum illerinde en ¢ok kis ve yaz
mevsimlerinde gozliik kullaniminda problemler ile karsilasildigi
belirlenmistir. Kis mevsiminde gozliikk caminin bugulanmasi, yaz
mevsiminde ise gozliiglin/cercevenin terleme yapmasi, terleme
nedeniyle gozliigiin ylizden kaymasi ve oksitlenme sorunlarinin
yasandig tespit edilmistir.

Birbirinden farkli iklime sahip olan Diyarbakir ve Mugla
illerinde ise gozliik kullaniminda farkli problemlerin yasandig:
tespit edilistir. Yaz ve kig aylarinda sicaklik farki daha fazla olan
Diyarbakir ilinde yazin sicakliga bagli olarak cam kaplamasi
bozulmasi sorunu, kigin ise bugulanma sorunu 6ne ¢ikmistir. Yaz
ve kis aylarindaki sicaklik farkinin az oldugu ve kis mevsiminin
iliman gectigi Mugla ilinde ise, kisin 6ne ¢ikan belirgin bir sorun
yoktur.  Buna  karsiik, yazin  terleme  nedeniyle
burunlugun/gercevenin kirlenmesi/gevsemesi ile ylizden kaymasi
ve cercevede oksitlenme problemleri gorilmektedir. Her iki ilin
cografi sartlarinin farkliligi, Mugla ilinin tatil beldesi olmasi,
Diyarbakir ilinin yazin gé¢ vermesi ve kisin kotii hava sartlarina
sahip olmas1 gozlik satiglarimi etkileyen faktorler olarak tespit
edilmistir.

Calismada belirlenen gozlik kullaniminda ve satisinda
mevsimsel olarak karsilagilan sorunlara ¢6ziim Onerileri asagida
maddeler halinde verilmistir.

a) Yaz mevsiminde yansimay1 azaltma ve bdylece net bir
goriis saglama amaciyla, fazla 1sikli ortamlarda koyulasarak
kisiyi 1siktan koruyan fotokromik camlar, parlama Onleyici
(yansitict olmayan) kaplamalar, UV korumali camlar ve asetat
cerceveler tercih edilebilir. Ayrica, kahverengi, siyah ve mor
renkli camlar gilines 1s181ndan maksimum koruma saglayan ve en
saglikli bulunan giines gozIliigli cam kategorisinde yer alir.
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b)Yazin terleme nedeniyle olusan oksitlenme sorunlarinin
onlenmesi ig¢in, kalitesiz metalden yapilan cergeveler yerine
korozyona dayanikli titanyum kaplama cerceveler ve ince kemik
cerceveler 6nerilebilir.

) Yaz ve kis mevsiminde faset ve nilor gibi rim halkasi
hi¢ olmayan ya da yarim olan ¢ercevelerde kullanilan misina hava
sartlar1 ve kot kullanim sonucu yipramir. Bu gozlikler
catlamaya/kirilmaya daha meyillidir. Bu durumda, gozlik
kullanmaya alisana kadar ve kiigiik yaslarda esnek yapili tam
cercevelerin - kullanimi1  Onerilebilir. Ayrica trivex camlar
kirilmaya oldukga direngli oldugundan, 6zellikle faset ¢erceveler
icin tercih edilebilir. Boylece saplarin takildigi yerde camda
catlama olusmasi engellenir.

d) Kis mevsiminde karli/yagmurlu havalarda ve ani
sicaklik degisimlerinde en iyi antirefle kaplamali camlar dahi
bugulanmaktadir. Bugulanmay1 6nlemek icin antifog (bugu
Onleyici) spreyler ve zerofog kaplamali camlar kullanilabilir.
Ayrica, camda olusan bugulanma, mikrofiber cam temizleme
bezleri ile temizlenmelidir.

e) Kisin yansima ve parlamay1 azaltmasi, zararli 1sinlar
absorbe etmesi ve bdylece rahat bir goriis alam1 saglamasi
bakimindan polarize camlar ve yansima onleyici kaplamaya sahip
giines gozliikleri tercih edilebilir. Polarize giines gozliigii karl
yuzeylerde ve su yiizeyinde olusan yansima ve parlamalari
engeller, yansiyan 1sinlarin neden oldugu yorgunluk hissini
azaltarak daha rahat bir goriis saglar.

f) Dayanikli bir glines gozligii kullanmak isteyenlere
polikarbon ve trivex camlar 6nerilebilir. Polikarbon, hem hafiftir
hem de darbe direnci yliksek bir plastik malzemedir. Ayrica, ek
kaplamaya ihtiya¢ duymadan yapis1 geregi UV koruma saglar.
Trivex camlar da, 6zel bilesimi sayesinde, mineral ve organik
camlara gore kirilmaya ¢ok daha direnglidir. Bu camlar, 6zellikle
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spor yapanlara, tehlikeli is ortamlarinda ¢alisanlara ve ¢ocuklara
onerilebilir.  Yine, Isvigre teknolojisi ile iiretilen TR90
termoplastik malzemeden yapilan ¢erceveler, hafiflik, esneklik ve
dayaniklilik bakimindan tercih edilebilir. Bu malzeme oldukca
esnek oldugundan baski altinda biikiilebilir ve yiizli rahatca
kavrar.

g) Yazin toz vb. nedenle camlarda goriilen ¢iziklere karsi
toz ve kir tutmayan mineral camlar, organik camlara kiyasla,
tercih edilebilir. Organik camlar yapis1 geregi kolayca tozlanir ve
hizli kirlenir. Mineral camlar tozdan ve sicaktan daha az etkilenir
ve yiksek optik kaliteye sahiptir. Ayrica, ginimuzde
polikarbonat ve trivex malzemeden yapilan ¢ogu gozliik camu,
cizilmeye dayanikli bir kaplamaya sahiptir. Bunun yaninda,
tozlanan camlar 1lik su ile nazik¢e ovalanarak temizlenmelidir,
gucli  kimyasallar ve alkol kullanmak cam yizeyindeki
kaplamaya zarar verebilir.

h) Yazin ve kisin optik gozlik kullanan ve tv, diziistii
bilgisayar, bilgisayar, tablet ekrani karsisinda fazla zaman gegiren
bireylere mavi 1sik filtreli camlar onerilebilir. Bu camlar,
ekrandan yayilan 1181 yiikksek oranda filtreleyerek goz
yorgunlugu, goz kurulugu, bas agrisi, uyku problemi gibi
sorunlar1 engeller.

J) Gozlik kullanicilarina, optik miiesseselerdeki satiglar
sirasinda gozliik temizligi ve bakimui ile yiiz sekline uygun gozliik
secimi hakkinda bilgi verilebilir ve gozlik temizleme Kkitleri
Onerilebilir. Boylece, g6z sagligini koruyarak hem gozlikk
kullanimini kolaylastiracak hem de gozlik kullanim siiresini
uzatacak onlemler alinmasi miimkiindiir.
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DETERMINATION OF THE OPTIMUM
SAMPLE GEOMETRY IN GAMMA-RAY
SPECTROMETRY: EXPERIMENTAL AND
MONTE CARLO SIMULATION METHOD

Esra UYAR!
Saim Egemen YUCEL?
Gokcen ASLAN AYDEMIR3

1. INTRODUCTION

Gamma (y) decay occurs when a nucleus transitions from
an excited state—where it possesses excess energy—to a more
stable or lower-energy state. This excited state typically arises
after an alpha (o) or beta () decay has taken place. Unlike a, f3,
or spontaneous fission, y decay is not a form of decay that alters
the number or type of nucleons within the nucleus. Instead, it
involves the transition of the nucleus from an excited state to its
ground state without changing the identity of the nucleus (Tanur,
Boliikdemir and Kog, 2013). Gamma radiation, in essence, is a
type of electromagnetic radiation, much like radio waves,
microwaves, and visible light. However, it is found on the higher
energy, shorter wavelength end of the electromagnetic spectrum.

Gamma rays interact with the crystal atoms inside a
detector in three main ways: photoelectric absorption, Compton

1 Gazi University, Faculty of Sciences, Department of Physics, Ankara, Turkey.

2 Ankara University, Faculty of Engineering, Department of Physics Engineering,
Tandogan, Ankara, Turkey

3 Gazi University, Graduate School of Natural and Applied Sciences, Department of
Advanced Technologies, Ankara, Turkey
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scattering, and pair production. In all three cases, free electrons
are produced. These electrons lose their energy by ionizing and
exciting the atoms in the detector medium, generating numerous
electron-hole pairs (Gilmore, 2013). To obtain comprehensive
information about incoming gamma rays, it is essential that they
are fully absorbed within the detector. Consequently, the
photoelectric effect is the preferred interaction mechanism in
gamma spectroscopy. This preference arises because, during the
photoelectric effect, an incoming gamma photon transfers its
energy to an electron bound to an atom. As a result, the electron
is ejected and becomes free, while the photon is absorbed by the
electron and thereby annihilated. In the event of Compton
scattering, an incoming photon interacts with a loosely bound,
nearly free electron, ejecting the electron from its orbit. As the
electron becomes free, the photon continues its motion with a
change in direction and reduced energy, but it is not annihilated.
Unlike photoelectric absorption and Compton scattering, pair
production results from the interaction between a gamma ray and
the atom as a whole. This interaction occurs within the Coulomb
field of the nucleus and leads to the conversion of the gamma ray
into an electron-positron pair. When a photon with energy greater
than 1022 keV interacts with the atomic nucleus, it is annihilated,
and in its place, an electron-positron pair is created.

Gamma-ray spectrometry is a widely used and useful
technique for the identification and quantification of
radionuclides found in samples of different geometries. High
Purity Germanium (HPGe) detectors are used in this technique
for their exceptional energy resolution, which allows for highly
accurate measurements (Uyar and Bolikdemir, 2022). With
HPGe detectors, natural and artificial radionuclides found in all
kinds of geological, biological and environmental samples that
emit gamma radiation are identified and their radioactivity values
are determined (Azbouche, Mohamed and Hakim,
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2015). However, the efficiency of an HPGe detector, especially
its Full Energy Peak Efficiency (FEPE), is significantly
influenced by the geometry of the sample being analyzed. This
paper explores how varying the shape and size of the sample
affects the FEPE, providing practical recommendations for
optimizing experimental setups in gamma-ray spectroscopy.

FEPE is a crucial metric in gamma-ray spectroscopy,
indicating how effectively a detector captures the complete
energy of incoming gamma-ray photons (Priya et al., 2023). The
efficiency of gamma-ray detectors, is closely related to time
management in experimental setups and data analysis processes
(Chuong et al., 2004). Efficiently managing time during
measurements can significantly impact the quality of the data
obtained. For instance, optimal time allocation allows researchers
to conduct longer counting times when necessary, enhancing the
statistical significance of the results and improving the detector's
ability to accurately capture gamma-ray events. Several factors
can affect this efficiency, including the distance between the
sample and detector, the energy of the gamma rays, and, critically,
the sample's geometry.

In previous studies, it has been established that the
relationship between sample geometry and FEPE is not merely a
theoretical concern; practical experiments have demonstrated that
optimizing sample shape and positioning can efficiency
substantial improvements in measurement accuracy. Differences
in sample geometry can lead to significant variations in detection
efficiency, potentially resulting in inaccurate data if not properly
accounted for. This issue becomes particularly important when
dealing with small or irregularly shaped samples, where the
relationship between the sample’s geometry and the detector’s
efficiency is even more pronounced.
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The calculation of FEPE value can be determined
experimentally or by the Monte Carlo (MC) method. Using
Monte Carlo method simulations is a crucial method in gamma-
ray spectroscopy, especially when direct experimental
measurements are difficult or not feasible. MC simulations allow
for the detailed modeling of gamma photon interactions with the
detector, taking into account variables such as detector geometry,
sample shape, and photon energy (Lépy et al., 2019, Subercaze et
al., 2022). By simulating a vast number of photon interactions,
these calculations provide insight into the efficiency of the
detector under various conditions. This method not only aids in
optimizing detector design and predicting performance but also
serves as a valuable tool for refining experimental setups.
Importantly, comparing the results of MC simulations with
experimental data is essential for validating the accuracy of the
simulations (Barba-Lobo et al., 2024). Such comparisons help
identify any discrepancies and refine the simulation models,
ultimately enhancing the precision and reliability of FEPE
measurements in both research and practical applications.

In this study, we focus on how different sample volume in
cylindrical shaped geometry affects FEPE in gamma-ray
spectroscopy experiments. The choice of sample geometry can
significantly influence the efficiency with which the detector
interacts with gamma photons, thereby impacting the accuracy of
the measurements. By examining these various geometries, we
aim to offer valuable insights that can help improve the accuracy
and reliability of gamma spectroscopy experiments, particularly
when dealing with different material types and shapes (Uyar,
Ozgiir and Dikmen, 2023). By employing both experimental and
Monte Carlo simulation methods, we aim to elucidate the
complex interplay between sample geometry and detection
efficiency.
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In gamma-ray spectrometry laboratories, samples are
prepared using appropriate containers depending on the amount
of sample to be analyzed. In this study, the effect of sample
geometry on the efficiency value, which is one of the important
parameters determined by the user, was investigated and the
optimum sample geometry for a certain amount of sample was
investigated. The effect of sample geometry was examined by
investigating in which size container a certain amount of sample
in the laboratory would be prepared and analyzed to obtain higher
efficiency counts. For this purpose, the same amount of sample
was prepared in three different sized sample containers and
efficiency values were obtained in the energy range of 46.5 keV
and 1836 keV. The efficiency values were determined both
experimentally and by two different Monte Carlo simulation
methods, and the two methods were compared.

2. MATERIALS AND METHODS
2.1.The HPGe Detector

In this study, an Ortec GEM-C40P4 coaxial HPGe
detector from the GEM series, featuring a 0.9 mm carbon fiber
window and 40% relative efficiency, was utilized. The
performance specifications and geometric details provided by the
manufacturer are listed in Table 1. To minimize background
radiation from sources like cosmic rays, 40K, and radionuclides
from the uranium-thorium decay chain, the detector was shielded
with a 10 cm thick lead layer, and graded with 1.6 mm copper and
1 mm tin liners. It also had a movable cover for additional
protection. The detector was operated using the Ortec DSPEC 50,
a digital signal processor, which was controlled by the
MaestroPro Advanced Spectroscopy Software. This software was
employed for spectral analysis and peak area calculations.
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Table 1. The performance specifications and geometric
characteristics of the detectors provided by the manufacturer

Performance specifications HPGe
FWHM at 1.33 MeV, %Co 1.7 keV
FWHM at 122 keV, %'Co 686 eV
Peak-to-Compton ratio, %°Co 771
(Nominal) Efficiency at 1.33 MeV, %°Co 47 %
FWTM/FWHM, ®Co 1.9
FWFM/FWHM, %Co 2.5

High voltage bias and polarity +2600V
Geometric characteristics

Crystal diameter 63.9 mm
Crystal length 63.5 mm
Core diameter 8.8 mm
Core length 50 mm
Crystal to window distance 4 mm

End cap window 0.9 mm /Carbon fiber
Outer dead layer thickness 700 pm/Li
Inner dead layer thickness 0.3 um/B

This detector provides sufficient performance for low and
high energy gamma rays, allowing reliable measurements in a
wide energy range. It can be said that thanks to these features,
sensitive and accurate results can be obtained in areas such as
nuclear physics, radiation safety and environmental monitoring.

2.2.Certified Reference Material

Firstly, the energy calibration of the detector was
performed with standard point sources having energies between
59.5 keV and 1837 keV. The point sources used are 2*Am (38.2
kBq), 13*Ba (44.0 kBq), *¥'Cs (40.7 kBq), °>'Co (43.0 kBq), *°Co
(41.5 kBq), >*Mn (41.2 kBq), >?Na (41.5 kBq), and #Y (39.8 kBq)
purchased from Eckert&Ziegler. The active surface dimensions
of each point source are 1 mm and the overall dimensions 23.5 x
11 x 2 mm. The relative uncertainties of all point sources are 3%.

In this study, certified reference material containing multi-
radionuclides was used, the properties of which are given in Table
2. Table 2 summarizes the gamma-ray energies of different
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radioisotopes and the certified activity values of these isotopes.
Isotopes in different energy ranges allow to evaluate the
performance of detectors in both low and high energy ranges.
Thus, energy accuracy and activity calibrations of detectors can
be optimized by using these reference materials, which
contributes to obtaining more sensitive and reliable results.

In order to examine the efficiency change in a wide energy
range, a multinuclide source containing nuclides with gamma-ray
energies between 46.5 keV and 1836 keV was prepared in three
different geometries.

Table 2. Gamma-ray energy, and certified activity values of
reference material

Reference Gamma-ray energy Certified activity values for
material (Radionuclide) radionuclides (kBQq)

46.5 keV (#°Pb) 84.4

59.5 (*1Am) 8.47

88.0 (1°Cd) 112.1

122.1 (*’Co) 453

.« 165.9 (*¥Ce) 5.74

(Ssa‘irg;‘at“x 391.7 (112Sn) 22.0

661.7 (*3'Cs) 19.95

898.0 (%8Y) 45.3

1173.2 (5°Co) 23.6

1332.5 (*°Co) 23.6

1836.1 (%8Y) 45.3

“This source was purchased from Eckert and Ziegler Nuclitec GMBH.
2.3.Experimental

The experimental part of the study includes the
investigation of the effect of the sample container geometry on
the full energy peak efficiency. For this purpose measurements
were made using a multinuclide source distributed in a sand
matrix supplied by Eckert&Ziegler Nuclitec GMBH. Samples
prepared in three different geometries from multinuclide standard
sources were repeated three times at the end cap and center of the
detector at times when good counting statistics were obtained.
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Figure 1. Schematic representation of the sample container with
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In the study true coincidence summing (TCS) and self-
absorption corrections. which are among the correction factors
that need to be calculated for accurate and precise results in
gamma-ray spectrometry were included in the calculations. Self-
absorption correction factors were determined by averaging the
linear attenuation coefficients () obtained from GESPECOR and
NIST XCOM (Photon Cross Sections Database). TCS correction
factors were obtained using the GESPECOR Monte Carlo
simulation program.

2.4.Monte Carlo Simulations

Two types of Monte Carlo simulation software are used
in gamma-ray spectrometry: general purpose codes (GEANT4,
MCNP, PENELOPE) and dedicated purpose codes such as
GECPECOR (Sima, Arnold and Dovlete, 2001), DETEFF (Diaz,
Cornejo and Jurado, 2008), and ANGLE (). Dedicated codes are
designed with a user-friendly interface and can be applied to
derive computational results directly from input data.

Monte Carlo programs are essential tools in the simulation
of complex physical systems, particularly in scenarios where
analytical solutions are difficult or impossible to obtain. In the
context of High-Purity Germanium (HPGe) detectors, these
programs are invaluable for accurately modeling the interaction
of gamma rays with the detector material. By simulating millions
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of individual photon interactions, Monte Carlo methods can
predict the detector’s response to various source geometries and
energies with high precision. This level of detail is crucial for
tasks such as determining full energy peak efficiency (FEPE),
which depends on factors like source position, detector geometry,
and the presence of any attenuating materials.

In HPGe detector simulations, understanding and
accurately predicting FEPE is critical because it directly affects
the quantification of radionuclide activities in gamma-ray
spectrometry. Monte Carlo simulations allow researchers to
account for complex effects like photon scattering, absorption,
and coincidence summing, which are often challenging to
measure experimentally. By providing a virtual environment
where these factors can be meticulously controlled and varied,
Monte Carlo programs help bridge the gap between theoretical
models and experimental reality, ensuring that the efficiency
values obtained are reliable and representative of actual detector
performance. This capability is especially important when high
precision is required, such as in environmental monitoring,
nuclear medicine, and radiological safety assessments.

Computational methods are used to evaluate matrix and
density effects and coincidence summation effects for full
calibration of the gamma-spectrometry system or to generate
efficiency curves for arbitrary measurement conditions.

2.4.1. GESPECOR

GESPECOR (Germanium SPectra CORrection) is a
specialized Monte Carlo-based software designed for gamma-ray
spectrometry. Its primary function is to calculate key correction
factors such as efficiency, matrix effects, and coincidence
summing effects for various gamma-ray detection setups (Sima
and Arnold, 2002). The software is versatile, supporting different
types of High-Purity Germanium (HPGe) detectors, including
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coaxial, planar, and well-type configurations, as well as Ge(Li)
detectors. It also accommodates a range of source geometries like
point sources, cylindrical or spherical sources, and Marinelli
beakers.

One of GESPECOR'’s standout features is its ability to
accurately compute the full energy peak efficiency (FEPE) while
accounting for matrix effects and coincidence summing effects-
critical parameters that influence the accuracy of gamma-ray
spectrometry (Arnold and Sima, 2004). The software delivers
these results with well-defined uncertainties, enhancing its
reliability for researchers and professionals in the field. Its user-
friendly interface simplifies the execution of complex
calculations, making it accessible even for non-experts.

Originally developed to handle self-attenuation and
coincidence summing corrections, GESPECOR has evolved to
provide comprehensive solutions for efficiency calculations
across different detector geometries and measurement
configurations. The methods employed in the software are based
on the work of Sima, Arnold and Dovlete, 2001), and the tool has
become a go-to for correcting for effects that cannot be easily
accounted for experimentally. Its ability to simulate detector
responses under various conditions is especially valuable when
experimental calibration is not feasible.

In our research, GESPECOR was instrumental in
accounting for true coincidence summing effects and efficiency
values in specific isotopes and generating theoretical efficiency
values. We then compared these values with our experimental
results to ensure accuracy. The software allowed us to supplement
and validate our findings, ensuring that the data obtained from
gamma-ray spectrometry were both accurate and reproducible.

By integrating GESPECOR into our analysis process, we
ensured that our gamma-ray spectrometry measurements were
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robust, contributing to the overall reliability and consistency of
our research. This combination of computational and
experimental approaches allowed us to cross-verify results,
providing a strong foundation for the conclusions drawn from our
work.

3. RESULTS AND DISCUSSION

In this study, a certain amount (28.7 grams) of certified
multinuclide standard source with sand matrix composition was
prepared in three different sized sample containers and the change
in efficiency was investigated. The efficiency values obtained
from the experimental and simulation programs are given in
Table 3-5.

Table 3. Experimental and Monte Carlo simulated FEPEs with
GESPECOR for 100 ml volume container.

Experimental

Energy GESPECOR MC "% Difference from

Nuclide (keV) (LljeEX:,Don) calculated FEPE ~ Experimental FEPE
Pb-210 46.5 0.1537 0.1607 4.6
Am-
241 505 02073 02162 43
Cd-109 88.0 0.2109 0.2208 4.7
Co-57 1221 0.1828 0.1903 41
Ce-139 165.9 0.1332 0.1367 2.6
Sn-113  391.7 0.0722 0.0739 24
Cs-137 661.7 0.0463 0.0472 19
Y-88 898.0 0.0315 0.0312 11
Co-60 1173.2 0.0251 0.0252 0.3
Co-60 13325 0.0227 0.0229 0.9
Y-88 1836.1 0.0172 0.0174 1.2

In Table 3, where the experimental and Monte Carlo
simulated FEPE values with GESPECOR are given for a 100 ml
volume container, it is seen that the difference between the
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experimental value and the simulated value varies between 0.9-
4.7 %.

A very good agreement is observed between GESPECOR
simulations and experimental results; the differences are
generally below 5%. This shows that GESPECOR software can
produce accurate simulations and model real experimental
conditions to a large extent.

Table 4. Experimental and Monte Carlo simulated FEPEs with
GESPECOR for 60 ml volume container

Experimental GESPECOR  *% Difference

Nuclide E(Eg%y FEPE MC calculated from Experimental
(Uexp %) FEPE FEPE
Pb-210 46.5 0.2151 0.2246 4.4
Am-241 59.5 0.2177 0.2262 3.9
Cd-109 88.0 0.2226 0.2295 3.1
Co-57 122.1 0.1939 0.2020 4.2
Ce-139 165.9 0.1446 0.1505 4.1
Sn-113 391.7 0.0764 0.0785 2.7
Cs-137 661.7 0.0485 0.0492 15
Y-88 898.0 0.0325 0.0330 1.7
Co-60 1173.2 0.0260 0.0261 0.4
Co-60 1332.5 0.0233 0.0233 0.4
Y-88 1836.1 0.0173 0.0174 0.6

Table 4 presents the comparison of FEPE calculated by
experimental and GESPECOR MC simulations on various
nuclides for a 60 ml volume container. The difference between
the experimental data and the simulation results according to the
energy levels of the nuclide is shown in the % difference column.
According to the results in the table, the differences between the
FEPE values calculated by GESPECOR and the experimental
data are generally low and range from 0.4% to 4.4%.
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Table 5. Experimental and Monte Carlo simulated FEPEs with
GESPECOR for 15 ml volume container

——
Experimental GESPECOR ¢ Difference

Nuclide E(ﬂg{%y FEPE MC calculated Expg(i)rrr?ental
(Uexp %) FEPE FEPE

Pb-210 46.5 0.0763 0.0800 4.9
Am-241 59.5 0.1228 0.1287 4.8
Cd-109 88.0 0.1240 0.1278 3.1
Co-57 122.1 0.1076 0.1115 3.6
Ce-139 165.9 0.0809 0.0834 3.2
Sn-113 391.7 0.0413 0.0427 34
Cs-137 661.7 0.0283 0.0290 25
Y-88 898.0 0.0188 0.0192 2.3
Co-60 1173.2 0.0162 0.0165 1.6
Co-60 13325 0.0145 0.0148 1.7
Y-88 1836.1 0.0103 0.0104 1.1

In Table 5, where the experimental and Monte Carlo
simulated FEPE values with GESPECOR are given for a 15 ml
volume container, it is seen that the difference between the
experimental value and the simulated value varies between 1.1-
4.9 %. It was observed that GESPECOR simulations provide
good agreement with experimental data for a 15 ml volumetric
container and offer high accuracy especially at high energy levels.

Fig. 2. Comparison of experimental efficiency curve graph for all
sample containers
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In Fig. 2, the graph of the calculated experimental
efficiency curve for all sample containers is shown. As seen in the
figure, the highest efficiency values were obtained using the 60
ml sample container.

As a result, the container volume has a large impact on the
detection efficiency, especially at low energies, while this effect
decreases as the energy increases. This can be explained by the
decrease in interaction probabilities at higher energies. The
optimized geometry likely allows for better photon interactions
within the material, leading to more effective detection of gamma
rays. In the low-energy region (below ~200 keV), the efficiencies
for all sample sizes are relatively higher, with the 60 ml sample
achieving the highest values. This is due to better absorption of
lower-energy gamma photons, which is consistent with typical
detector behavior.

4. CONCLUSIONS

The motivation of this study was to investigate the effect
of optimum sample geometry on full energy peak efficiency
(FEPE) in gamma-ray spectrometry. Using both experimental
methods and Monte Carlo simulations, the impact of different
sample container volumes (100 ml, 60 ml, 15 ml) on efficiency
was analyzed. The results revealed that sample geometry
significantly influences efficiency, with larger container volumes
generally resulting in higher FEPE values. However, if the sample
amount is limited, the height and diameter of the selected sample
container become important. According to the results obtained in
this study, when comparing larger volume containers such as 60
ml (44 mm inner diameter and 13.25 mm height) and 100 ml (56
mm inner diameter and 6.9 mm height), it was observed that not
only an increase in sample height or a larger diameter, but both
having optimal values, improves the efficiency.
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By determining the optimum sample geometry, the
differences between experimental and Monte Carlo simulated
efficiencies were calculated to be within the range of 0.4%-4.9%.
The fact that this difference is less than 5% for 11 different
gamma-ray energies in the range of 46.5 keV to 1836.1 keV
indicates that the experimental and simulation results are in good
agreement.

In conclusion, the study emphasized that determining the
optimum geometry requires the sample to have sufficient height
and diameter. Proper selection of these parameters enhances the
efficiency of gamma photon interaction with the detector, thus
improving the accuracy of the measurements.
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ADVANCES IN WiDE BANDGAP
SEMICONDUCTOR DIODES (SiC, GaN): A
REVOLUTION IN POWER ELECTRONICS

ilhan CANDAN!
Sezai ASUBAY?

1. INTRODUCTION

Power electronics play a pivotal role in modern
technologies, from consumer electronics to industrial machinery,
renewable energy systems, and electric vehicles (EVSs) (Abu-Rub,
Malinowski, & Al-Haddad, 2014; Chan & Chau, 1997). Central
to power electronics are semiconductor diodes, which perform
critical tasks such as current rectification, switching, and voltage
regulation. Traditional silicon (Si) diodes have long been the
standard for these applications (lannaccone, Sbrana, Morelli, &
Strangio, 2021). However, as the demand for more efficient,
higher-performance devices continues to grow, silicon is reaching
its physical limits in terms of efficiency, speed, and thermal
management. In response, wide bandgap (WBG) semiconductors,
particularly silicon carbide (SiC) and gallium nitride (GaN), have
emerged as the next generation of materials capable of
overcoming these limitations (Nguyen et al., 2021).

Wide bandgap semiconductors offer several advantages
over conventional silicon-based devices, including higher
breakdown voltages, faster switching speeds, and superior
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thermal conductivity. These properties make WBG diodes ideal
for  high-power, high-frequency, and high-temperature
applications, driving their adoption in fields such as electric
vehicles, renewable energy, telecommunications, and industrial
automation. This chapter explores the advances in SiC and GaN
diodes, their unique properties, key applications, and the
challenges they face as they continue to revolutionize the power
electronics landscape (Kizilyalli, Spahn, & Carlson, 2022).

Figure 1. Properties of Si, SiC, and GaN relevant materials
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Wide bandgap (WBG) semiconductor diodes, specifically
silicon carbide (SiC) and gallium nitride (GaN), are
revolutionizing the field of power electronics (Van Do, Trovao,
Li, & Boulon, 2021). These advanced materials offer several
advantages over traditional silicon-based devices, including
higher breakdown voltages, faster switching speeds, and better
thermal conductivity. As industries such as electric vehicles,
renewable energy, telecommunications, and aerospace demand
more efficient, compact, and high-performance power systems,
SiC and GaN diodes have emerged as key enablers of this
technological evolution (Roccaforte et al., 2018).
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Power electronics are central to converting, controlling,
and managing electrical energy in modern systems. Traditional
silicon-based diodes, while effective for many years, face
significant limitations, especially in high-power, high-frequency,
and high-temperature applications. Silicon devices tend to suffer
from higher power losses, slower switching speeds, and thermal
management challenges, leading to inefficiencies in demanding
applications like electric vehicle powertrains, high-voltage solar
inverters, and high-speed telecommunications infrastructure
(Rafin, Ahmed, Haque, et al., 2023).

In contrast, WBG semiconductors like SiC and GaN offer
transformative benefits. SiC diodes excel in high-voltage, high-
temperature environments, making them ideal for electric
vehicles and renewable energy systems. GaN diodes, on the other
hand, are favored for their rapid switching capabilities and high-
frequency performance, critical for telecommunications and high-
speed computing (Manandhar, 2021).

This chapter explores the technological advances in SiC
and GaN diodes, examining their unique properties, applications,
and the key challenges that remain. As the adoption of these
materials grows, SiC and GaN diodes are poised to shape the
future of power electronics, driving greater efficiency, reliability,
and sustainability across a range of industries.

2. PROPERTIES OF WIDE BANDGAP
SEMICONDUCTORS

The term "wide bandgap” refers to the energy difference
between the valence band and the conduction band of a
semiconductor material. A wider bandgap means that the material
can operate at higher voltages and temperatures without
experiencing significant energy losses or breakdown. Silicon,
with a bandgap of 1.1 eV (electron volts), is limited in its ability
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to handle extreme conditions. In contrast, SiC has a bandgap of
3.3 eV, and GaN has a bandgap of 3.4 eV, giving these materials
significant advantages in high-power and high-temperature
applications

Figure 2. SiC lattice’s side view.
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2.1.Breakdown Voltage

One of the key advantages of WBG semiconductors is
their ability to withstand higher breakdown voltages. This
property allows SiC and GaN diodes to handle higher electric
fields without breaking down, making them ideal for high-voltage
applications. For example, SiC diodes can operate at voltages
exceeding 1,200 volts, compared to around 600 volts for silicon
diodes (Agarwal, Burgard, Greiner, & Wendorff, 2016). This
characteristic is crucial in applications like power inverters for
electric vehicles and renewable energy systems, where high-
voltage operation is necessary to maximize efficiency.
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2.2.Switching Speed

SiC and GaN diodes also offer significantly faster
switching speeds than their silicon counterparts (Singh,
Chaudhary, & Khanna, 2022). Faster switching reduces energy
losses due to heat, making power conversion more efficient. In
high-frequency applications, such as telecommunications or
power supplies, the ability to switch rapidly allows for smaller,
lighter, and more efficient designs. GaN diodes, in particular,
excel in high-frequency switching, making them well-suited for
radiofrequency (RF) applications and other high-speed
electronics.

2.3.Thermal Conductivity

Another critical advantage of WBG materials is their
superior thermal conductivity. SiC, for example, has a thermal
conductivity approximately three times higher than silicon
(Ballestin-Fuertes, Munoz-Cruzado-Alba, Sanz-Osorio, &
Laporta-Puyal, 2021). This means that SiC diodes can dissipate
heat more effectively, reducing the need for complex cooling
systems and improving the reliability of the overall system. The
ability to operate at higher temperatures also allows for more
compact designs, as components can be placed closer together
without the risk of overheating.

3. SILICON CARBIDE (SiC) DIODES

Silicon carbide has been a focus of research and
development in power electronics for several decades due to its
exceptional properties as shown in Figure 1. SiC diodes are
particularly well-suited for high-power and high-voltage
applications, making them a popular choice in industries such as
electric vehicles, renewable energy, and industrial automation
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Figure 3. Packing structure of SiC power module.
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3.1.Electric Vehicles

In electric vehicles, SiC diodes are used in power inverters
that convert DC (direct current) from the battery into AC
(alternating current) for the motor. SiC diodes' ability to operate
at higher voltages and temperatures, combined with their low
energy losses, allows for more efficient power conversion
(Ostling, Ghandi, & Zetterling, 2011). This improves the vehicle's
overall energy efficiency, extending its driving range and
reducing battery size as seen in Figure 3. Additionally, SiC diodes
enable faster charging speeds by handling higher currents during
the charging process.

3.2.Renewable Energy Systems

SiC diodes are also playing a critical role in the
development of more efficient renewable energy systems. In
photovoltaic (solar) inverters and wind turbine power converters,
the high breakdown voltage and fast switching capabilities of SiC
diodes enable better energy conversion, reducing losses and
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improving the overall efficiency of these systems. This
contributes to lower energy costs and more sustainable energy
production (Pushpakaran, Subburaj, Bayne, & Mookken, 2016).

3.3.Industrial Automation

SiC diodes are increasingly used in industrial automation,
where high-power devices such as motors, drives, and power
supplies require efficient and reliable power conversion. SiC's
ability to handle high voltages and temperatures makes it ideal for
these demanding applications, where system reliability and
efficiency are paramount (Chen & Huang, 2024).

4. GALLIUM NITRIDE (GaN) DIODES

Gallium nitride is another wide bandgap material that has
gained significant attention in recent years due to its unique
properties, particularly its ability to operate at high frequencies as
demonstrated in Figure 4. GaN diodes are increasingly being used
in applications where fast switching and high efficiency are
critical, such as in telecommunications, data centers, and
aerospace (Rais-Zadeh et al., 2014).

Figure 4. Si, 4H-SiC, and Wurtzite GaN critical material
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4.1.Telecommunications

GaN diodes are well-suited for high-frequency
applications, making them a popular choice in
telecommunications infrastructure, including base stations for 5G
networks. GaN's ability to switch at high frequencies with
minimal energy losses allows for more efficient signal
amplification and processing, which is critical for the high-speed
data transmission required in modern communication systems
(Collaert, 2024).

4.2 Data Centers

In data centers, where power consumption is a major
concern, GaN diodes offer a way to improve the efficiency of
power supplies and reduce overall energy consumption. GaN's
fast switching speeds and low losses make it possible to design
more compact and efficient power supplies, helping to address the
growing demand for energy-efficient data center infrastructure
(Zhang, Shan, Li, Li, & Wang, 2023).

4.3.Aerospace and Defense

GaN diodes are also finding applications in aerospace and
defense, where high-frequency operation and efficiency are
critical for radar systems, satellite communications, and
electronic warfare systems. GaN's ability to handle high-power
RF signals with minimal distortion makes it ideal for these
demanding applications (Raturi, Choudhuri, & Chinnamuthu,
2023).

5. KEY CHALLENGES AND FUTURE
PROSPECTS

While SiC and GaN diodes offer significant advantages
over traditional silicon devices, several challenges remain in their
widespread adoption. One of the primary barriers is cost. WBG
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materials are more expensive to produce than silicon, which has
benefited from decades of investment and infrastructure
development. However, as manufacturing processes improve and
production volumes increase, the cost of SiC and GaN diodes is
expected to decrease, making them more competitive with
silicon-based devices.

Another challenge is the integration of WBG diodes into
existing power systems. While SiC and GaN offer superior
performance, their unique properties require careful consideration
in circuit design, particularly in terms of thermal management and
electromagnetic interference (EMI). Engineers must adapt to
these new materials, which can increase the complexity and cost
of system design.

Despite these challenges, the future of wide bandgap
semiconductors is bright. As demand for high-efficiency, high-
power electronics continues to grow, the advantages of SiC and
GaN diodes will become increasingly important. Ongoing
research is focused on improving the performance, cost, and
reliability of these devices, as well as developing new
applications in areas such as wireless charging, electric aviation,
and energy storage.

6. CONCLUSION

Wide bandgap semiconductor diodes, particularly silicon
carbide (SiC) and gallium nitride (GaN), represent a significant
advancement in power electronics. Their superior properties,
including higher breakdown voltages, faster switching speeds,
and better thermal conductivity, make them ideal for high-power,
high-frequency, and high-temperature applications. SiC diodes
are already making a significant impact in electric vehicles,
renewable energy, and industrial automation, while GaN diodes
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are gaining traction in telecommunications, data centers, and
aerospace.

Despite challenges related to cost and integration, the
continued development of SiC and GaN technologies promises to
revolutionize power electronics, enabling more efficient, reliable,
and sustainable systems. As these materials become more
affordable and widely adopted, they will play a critical role in
shaping the future of industries ranging from transportation and
energy to telecommunications and defense.

The emergence of wide bandgap (WBG) semiconductor
diodes, particularly silicon carbide (SiC) and gallium nitride
(GaN), marks a critical advancement in power electronics,
enabling systems that are more efficient, compact, and reliable.
These materials have far surpassed the capabilities of traditional
silicon-based diodes, offering higher breakdown voltages, faster
switching speeds, and superior thermal performance. These
advantages are revolutionizing key industries like electric
vehicles, renewable energy, telecommunications, and aerospace,
where high-power, high-frequency, and high-temperature
operations are essential.

SiC diodes, with their high-voltage and thermal
capabilities, are driving the development of more efficient power
systems in electric vehicles and renewable energy applications,
contributing to greater energy efficiency and sustainability. GaN
diodes, with their rapid switching and high-frequency
performance, are enabling advancements in telecommunications
infrastructure, data centers, and aerospace technologies, where
speed and efficiency are paramount.

However, despite the remarkable progress, challenges
remain. The higher cost of SiC and GaN materials compared to
silicon has slowed their widespread adoption. Additionally,
integrating these WBG diodes into existing systems requires
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careful design considerations, particularly with regard to thermal
management and circuit design. Yet, as manufacturing processes
mature and production volumes increase, costs are expected to
decline, enabling broader adoption.

The ongoing advancements in SiC and GaN technologies
will continue to drive innovation in power electronics, shaping
the future of numerous industries. These diodes are set to play an
increasingly critical role in creating more efficient, reliable, and
sustainable systems, supporting global efforts to reduce energy
consumption and carbon emissions across a wide range of
applications.
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