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Abstract

In this work, the preparation of reduced graphene oxide (rGO) supported Pt nanoparticles by
using the supercritical carbon dioxide (scCO2) deposition technique is investigated. For this
purpose, firstly, graphite oxide synthesis was made similar to the literature reports and then two
different reducing agents (DMF and hydrazine hydrate) were used to prepare rGO support
materials, called as rGO1 and rGO2, respectively. Finally, Pt nanoparticles (NPs) were formed on
the rGO support materials. The effect of the reducing agent type and also of the catalyst
preparation technique on the fuel cell performance were examined with spectroscopic,
microscopic, and electrochemical techniques. From the results obtained, it appears that the
properties of rGO vary significantly depending on the reducing agent used. Moreover, the
electrode containing Pt/rGO1 has exhibited better cell performance compared to the Pt/rGO2.
Key Words: PEM fuel cell electrodes, Pt nanoparticles, support material, reducing agent.
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PEM Yakat Pili Elektrotlari i¢in Siiperkritik Karbondioksit Depozisyon
Teknigi ile Indirgenmis Grafen OKksit (rGO) Destekli Pt Nanoparcaciklarinin
Sentezi

Ozet

Bu ¢alismada, siiperkritik karbondioksit depozisyon teknigi (scCO2) kullanilarak indirgenmis
grafen oksit destekli (rGO) Pt nanopargaciklarinin sentezi arastirllmaktadir. Bu amagla, dncelikle,
literatiire benzer olarak grafit oksit sentezi gerceklestirildi ve daha sonra iki farkl indirgeyici
ajan (DMF ve hidrazin hidrat) ile sirasiyla rGO1 ve rGO2 olarak isimlendirilen rGO destek
malzemeleri hazirlandi. Son olarakta, Pt nanopargaciklari (NPs) rGO destek malzemeleri iizerine
olusturuldu. Indirgeyici ajan tiiriiniin ve katalizér hazirlama tekniginin yakit pili performansi
uzerindeki etkisi spektroskopik, mikroskopik ve elektrokimyasal tekniklerle incelendi. Elde
edilen sonuclardan, kullanilan indirgeyici ajana bagh olarak rGO malzemesinin 6zelliklerinin
onemli dlciide degistigi goriilmektedir. Ayrica, Pt/rGO1 iceren elektrot, Pt/rGO2’ye kiyasla daha
iyi pil performansi sergilemistir.

Anahtar Kelimeler: PEM yakit pili elektrotlar,, Pt nanoparcaciklari, destek malzemesi,
indirgeyici ajan.

1. Introduction

Fuel cells are one of the important clean energy converting devices. Polymer electrolyte membrane fuel
cells (PEMFCs) are the most studied among all types of fuel cells, especially for stationary, portable and
automotive applications. It is mainly because of their high energy conversion efficiency, high energy
density, low operation temperature, fast start-up and response times and low emission [1-4]. However, there
are some critical obstacles preventing the commercialization and common usage of PEM fuel cells, such as
high cost of platinum (Pt) catalysts and low durability of the catalyst layer [5-9]. For this reason, many
strategies have been developed to increase catalytic activity and to reduce the usage of Pt-based catalysts.
One of these strategies is to use carbon-based material as catalyst support [10-13]. Because support material
not only provides conductivity but also provides a high surface area to improve the Pt utilization efficiency.
Up to now, many alternative carbon-based materials such as carbon nanotubes, carbon aerogels,
mesoporous carbon, fullerene, graphitic and carbon fibers have been tried as support materials [3, 14-20].
But, none of these prevalently used support materials can exactly fulfill the essential requirements. Hence,
efforts must be put in for the development of new catalyst support.

In the past several years, graphene, with unrivalled 2D structure and properties including high conductivity,
high specific surface area, high tensile strength, and etc., has been regarded as an alternative catalyst support
for Pt nanoparticles (NPs) due to these superior features, have been commonly studied [21-26]. In literature,
numerous methods have been developed to prepare graphene, including mechanical exfoliation of graphite
(scotch-tape method), epitaxial growth, chemical vapor deposition, liquid phase exfoliation of graphite,
chemical reduction of GO [27, 28]. Among all these methods, the chemical reduction of GO is the most
promising method for mass production of graphene and this method involves of oxidation/reduction steps
[29, 30]. Typically, graphite material is converted to GO via strongly oxidizing agents such as HNOs,
H2S04, H3PO4, KMnOsand this oxidation step results in the widening of intersheet spacing of carbon layers
due to the emplacement of functional groups onto the layer [31]. Following oxidation step, GO becomes
hydrophilic in nature due to the polar oxygen functional groups and as a result, GO is easily dispersible in
various solvents, especially in water [30]. The Van der Waals forces weaken because oxygen groups are
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introduced in GO structure which results in a partial degradation of the sp? lattice into a sp?-sp® sheet with
less m-n stacking ability. These changes make GO non-conductive as it lacks the conducting graphitic
network. The conducting property of GO can be recovered by the reduction process, such as chemical
reduction (e.g. via reducing agents) and thermal reduction (e.g. via annealing at high temperature under
inert gas), which eliminates functional groups. The efficiency of the reduction process can be measured
with O/C ratio and this ratio decreases significantly after reduction process. Also, according to the literature
reports, in the high electrical conductivity required applications, it is necessary to reduce the O/C ratio
below 1% [2]. However, in some cases, partially reduction also is desired, because the surface functional
groups on the material serve as the anchoring sides for metal NPs while preventing restacking and
aggregation to graphite form during the chemical reduction to graphene. Therefore, many studies are
conducted in the literature on the preparation of Pt NPs onto the graphene-based materials such as graphene
nanoplatelets (GNPs), graphene nanosheets, rGO, and functionalized graphene (g-GO) [2, 24, 32-34].

Along with the catalyst support material used, the catalyst preparation technique is also momentous and
among the proposed catalyst preparation techniques in the literature, scCO, deposition technique has
attracted attention in last years, due to its important advantages [8, 35-37]. This technique employs the
dissolution of a metal precursor in the scCO; environment leading to the adsorption of the precursor into
the support. Later, the metal precursor is converted to the corresponding metal via ex-situ or in-situ ways
[38]. Thereby, supported metal NPs are obtained.

In most of the earlier reports on the Pt/rGO catalysts, on one hand, Pt NPs were formed on support during
the reduction process of graphite oxide (GO), on the other hand, common techniques were used to create
Pt NPs on the support. In our work, firstly, production of rGO support materials were achieved by using
two different reducing agents and then Pt NPs were employed over these supports materials by using scCO-
deposition technique. As far as we know, the decoration of Pt NPs on rGO support materials with the help
of this technique and their fuel cell performances is presented in the literature for the first time. So, we
believe that our study will make important contributions to the literature.

2. Material and Methods
2.1. Materials

STREM brand 1,5-dimethyl platinum cyclooctadiene (PtCODMez) was purchased for using as Pt
organometallic precursor. Natural graphite flakes (average particle size 325 mesh) were procured
from Alfa Aesar and used as recieved. Potassium peroxodisulfate (K2S20s8 >99.9%), phosphorous
pentoxide (P20s, 298%), sulfuric acid (H2S04+ 98%), sodium nitrate (NaNOs >99.9%), potassium
permanganate (KMnOs >99.9%), hydrogen peroxide (Hz202, 30%) were purchased from Sigma-
Aldrich for use in GO synthesis and same brand dimethylformamide (DMF) and hydrazine hydrate
were used as GO reducing agents. All chemicals were used without any further treatment. Also, high
purity COz, N2, Oz, H2 gases were purchased from Habas.
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2.2. Preparation of Graphite Oxide (GO), Reduced Graphene Oxide (rGO) Materials

Firstly, GO synthesis was made from natural graphite powder by using improved synthesis proposed
by Kovtyukhova et al. [39]. Subsequently, the GO was reduced with two different reducing agents
(DMF and hydrazine hydrate) to obtain rGO materials. The details of the rGO synthesis procedure via
DMF is descibed in our earlier report [40] and the resulting product was called as rGO1 in this study.

On the other hand, hydrazine hydrate material was also used as a reducing agent to the synthesis of
rGO. Briefly, 0.5 g of dried GO was thoroughly dissolved in 0.5 L of water with the help of an ultrasonic
bath until there was no visible particle in the solution. Subsequently, 5 mL of reducing agent was
added into the solution and the reflux system was connected for the reduction process. The solution
refluxed for 18 h at 100 2C. When the reflux process was completed, floating black particles were
observed on the solution, which is due to the reduction of GO. Lastly, the solution was cooled down
to room temperature, filtered and washed several times with water and methanol, respectively. After
evaporation of the solvents with the rotary evaporator, the final product was obtained was called as
rGO2.

2.3. Synthesis of rGO Supported Pt NPs

Pt NPs were created on the rGO support materials by using scCO2 deposition method in a high
pressure vessel. The details of synthesis procedure were mentioned in our previous studies [37, 41,
42]. To eliminate similarity, the schematic view of the experimental setup was shown in Fig. 1.

2.4. Characterization of the Materials

2.4.1. Characterization of physical properties

The surface structure parameters of the support materials were analyzed with BET isotherms by
using the Micromeritics 3Flex analyzer. The samples were degassed at 90 °C for 12 h before taking
measurements. Thermogravimetric (TG) analysis was performed using a Netzsch thermal analyzer
with the heating rate of 10 2C/min and the flow rate of 30 mL/min in aluminum crucibles under air
atmosphere. The Raman spectra of the pristine graphite, rGO1 and rGO2 materials were measured
by using a WiTech alpha 300R Raman system. Surface morphology and chemical composition of the
support materials were observed by Zeiss Sigma 300 model scanning electron microscope (SEM),
which is equipped with energy-dispersive X-ray spectroscopy (EDS). The homogeneity of the Pt NPs
on the support materials were analyzed through the JEOL 2100 JEM transmission electron
microscopy (TEM). TEM samples were prepared by dispersing supports and catalyst materials in
ethanol to form a homogeneous suspension. Then, the suspension was dropped on copper grid for
observation.
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Figure 1. Experimental setup used for the decoration of Pt NPs on rGO support materials

2.4.2. Characterization of electrochemical properties

The ex-situ electrochemical studies of the support materials were performed in a standard three-
electrode cell, using a VersaStat potentiostat/galvanostat. A silver-silver chloride electrode (Ag/AgCl,
Cl-) with 3.5 M KCI solution as a reference electrode, a Pt wire as a counter electrode and glass carbon
(GC) as working electrode were employed. The obtained cycling voltammograms were converted and
presented in terms of normal hydrogen electrode (NHE). To prepare working electrode catalyst ink,
the required amount of the support material, deionized water, 1,2-propanediol and 15% Nafion
solution were mixed till obtaining uniform ink. Then, the ink was dropped on the GC with a
micropipette and left to dry at the room environment. The amount of the material on the GC was
maintained as 22 pg/cm? for each electrode.

Cyclic voltammetry (CV) measurements for hydrogen oxidation reactions (HOR) were carried out in
a Nz saturated 1 M H2S04 electrolyte (potential range: 0-1.2V, scan rate: 50 mV/s). Then, in order to
apply electrochemical oxidation, the electrode was subjected to a constant potential of 1.2 V for 24 h.
At the end of 24 h, the same test procedure was repeated. Thus, the oxidation characteristics of the
rGO1 and rGO2 materials were evaluated before and after the electrochemical oxidation treatment.
The tests were repeated several times for both support materials until the same results were
obtained.
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2.5. Fabrication of Membrane Electrode Assembly (MEA) and Fuel Cell Tests

The in-situ electrochemical tests were performed in a single fuel cell system (Henatech™). Firstly,
cathode and anode electrodes were prepared. The details related to electrode preparation by using
the spraying method can be found in our previous papers [4, 9]. The Pt loading was set to 0.4
mgPt/cm? for all catalyst layers. Then, prepared electrodes were hot pressed at 130 2C and 400 psi
for 3 min on to the Nafion 212 membrane to obtain MEA which has 4.41 cm? active surface area.
Finally, the catalytic activities of MEAs were tested in a commercial PEM fuel cell test station.
Hydrogen gas was fed from the anode side and oxygen gas fed from the cathode side, respectively.
However, before the delivery of hydrogen and oxygen to the system, the cell was purged with
nitrogen gas for a while. Meanwhile, the temperature of the cell and humidifier columns were
adjusted to 70 °C. Subsequent to the purging, reactant gases were sent to the system. Then,
polarization curves were taken by sweeping the voltage between OCV and 0.1V. In these
measurements, the cell was equilibrated for at least 1 min at each point.

3. Results and Discussion

In heterogeneous catalysts, the vast majority of reactions take place on the catalyst surface. Therefore, it is
very essential to accurately determine the surface area of the catalyst support. Likewise, the porosity and
surface area knowledge of different support materials are of great importance in understanding their
structure, formation, and potential applications. Surface area measurements are mainly carried out by the
method of Brunauer, Emmett, and Teller (BET) [43]. According to this method, when a solid surface is
reacted with a gas, the gas molecules attach to the surface and form adsorbed layers. The amount of
adsorption is proportional to the total surface area of the sample. To determine the textural and structural
properties of prepared support materials (rGO1 and rGO2), BET analysis was performed. The detailed BET
results of rGO1 support material were given in our previous paper [40]. Hence, Fig. 2 shows the N>
adsorption/desorption isotherms of the rGO2 support material and the corresponding pore size distribution.
The isotherm of the rGO2 support material can be identified as type 1V according to the International Union
of Pure and Applied Chemistry (IUPAC) classification. Type IV isotherms are characteristic of materials
containing mesopores and it shows a hysteresis loop from P/P,=0.5 to P/P,=1.0 which is H3 type hysteresis
according to the IUPAC classification. This is attributed to the characteristic of aggregates of plate-like
particles giving rise to slit-shaped pores and is common for carbon-like samples [44, 45].

According to the obtained BET results (Table 1), the surface area of the pristine graphite with a layered
structure was found to be 13.7 m?/g [40]. After the chemical oxidation process, it was observed that the
material structure changed and a decrease in the surface area (3.3 m?/g) occurred. Furthermore, after the
reduction of GO with two different reducing agents, it was observed that the surface area values and pore
volume values increased. However, the obtained surface area values were lower than the theoretical value
(2630 m?/g) of single graphene sheet. This is attributed to the restacking phenomenon of the graphene sheets
owing to strong van der Waals forces.
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Figure 2. BET-N: adsorption/desorption isotherm and pore size distribution of the rGO2 support material

Table 1. Surface areas, pore volumes and pore sizes of the materials

Support Total Surface BJH Pore BJH Average Pore Ref.
Area (m?/g) Volume (cc/g) Size
(A Diameter))
Graphite 13.7 0.0270 22.4 [40]
GO 3.3 0.0095 31.3 [40]
rGO1 41.0 0.0513 22.5 [40]
rGO2 484.0 0.5050 22.2 (this study)

The thermal stabilities of the support materials were analyzed by TGA as shown in Fig. 3 (a). All
measurements were carried out in air atmosphere up to 1000 °C. In both support materials, the initial weight
loss was observed between 250-500 °C and this loss can be attributed to the gasification of the carbonaceous
material due to oxidation of rGO [40]. Above 500 °C, almost a constant weight was observed up to 1000
°C and both support materials showed very similar trend in weight loss by temperature. Also, the Pt loading
amount of the catalysts were calculated from the weight percent loss difference between rGO supports and
the Pt/rGO catalysts (Fig. 3 (b-c)). The calculated Pt loading (wt.%) values were given in Table 2 and it
was observed that the Pt loading on rGO1 support was 25.2%, while the loading on rGO2 support was 20%.
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Table 2. Pt loading amounts of the catalysts

Catalyst Pt [wt.%]
Pt/rGO1 25.2
Pt/rGO2 20

The morphology of the prepared support materials was investigated by using SEM. The obtained SEM
plan-view images and corresponding EDS spectras were given in Fig. 4. The starting material was flake
graphite having a flat morphology as shown in Fig. 4 (a). After the chemical oxidation process of graphite,
the smooth flat structure turned into a rough and porous structure (Fig. 4 (b)). Also, the oxygen content
increased owing to the formation of the oxygen functional groups on the edges and the basal planes of the
rGO structure. In addition to the C and O atoms, the presence of new atoms such as S, K, Mn, Na were
observed in the structure. Subsequently, the reduction process was carried out by using two different
chemical reduction routes (as decribed in experimental part). Fig. 4 (c-d) shows the SEM images and
corresponding EDS spectrums of the obtained rGO materials. As seen in the Fig. 4 (c), the rough surface
structure of the GO changed into more uniform structure after reduction by DMF at reflux condition. Also,
the purity of the material was checked by means of EDS and the spectra revealed that the structure still
contain some residual impurities. In Fig. 4 (d) case, hydrazine hydrate was used to reduce GO. The obtained
images showed that the structure contains micron-sized well-dispersed wrinkle flakes.

Fig. 5 displays TEM images of the rGO support materials and catalysts under different magnifications. In
Fig. 5 (a) image, the rGO1 support material resembles a transparent ultrathin structure comprising few thin
ripples within the plane, which is remarkably different from the opaque and smooth resemblance of pristine
graphite flakes. This transparency and rippled characteristic of material, suggests that the material consists
of a few thin layer or monolayer. Due to the wrinkled and overlapped structure, the individual graphene
sheets can effectively link together and serve as great electrical conductor, resulting in high electrical
conductivity [46]. On the other hand, the TEM image (Fig. 5 (b)) of rGO2 support material is composed of
micrometer-sized wrinkled flakes with a high-transparency chiffon like texture. This wrinkle feature of the
material prevents the aggregation of the dried sample due to van der Waals forces and play an important
role in increasing the surface area [47].

Additionally, the TEM images of rGO supported Pt catalysts were also taken and results were given in Fig.
5 (c-d). It was clearly observed that the Pt NPs with spherical shaped particles were dispersed
homogeneously on the rGO support materials. These results suggested that the scCO, deposition technique
is a very accomplished method on the preparation of Pt NPs on rGO support materials.
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Figure 5. TEM images of (a) rGO1 (b) rGO2 (c) Pt/rGO1 (d) Pt/rGO2

Raman spectroscopy is an important characterization method used to evaluate the reduction effect and the
main vibration peaks of carbon-based materials. Therefore, the pristine graphite and rGO support materials
were characterized by Raman spectroscopy, as shown in Fig. 6. Two main characteristic peaks were
observed for all the samples as D and G band. These bands are attributed to the defect/disorder states and
the sp?-bonded in plane vibration of carbon atoms, respectively [29, 48]. For the pristine graphite, the D
and G band positions are centered at 1346 and 1572 cm® respectively, while for rGO1 and rGO2, these
bands are centered at 1352 and 1593 and at 1352 and 1591 cm respectively. The band positions and
intensity ratios (Io/lg) of materials are summarized in Table 3.

11
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Figure 6. Raman spectra of pristine graphite, rGO1 and rGO2 support materials

Table 3. Analyses of Raman spectra

Sample D band (cmY) G band (cm™) Io/le
Graphite 1346 1572 0.48
rGO1 1352 1593 0.88
rGOo2 1352 1591 1.22

As shown on Fig. 6 and Table 3, the Raman peaks showed change in band shape and band position. In the
case of rGO, it is appears that the D band position of both rGO material is almost unchanged. However, the
G band position of rtGO’s exhibit a shift toward higher wavenumber compare to the pristine graphite, which
attributes to the restoration of the sp? bond of the carbon structure.

The intensity ratio (Ip/lg) of these bands provides important information about the level of the disorder.
The Ip/lg ratio of graphite, rGO1 and rGO2 materials was found to be 0.48, 0.88 and 1.22 respectively. The
high intensity ratio reveals that the defects increase after the reduced process. This increase of Ip/lg upon
GO reduction is normal and could be attributed to the generation of edge atoms in the structure and also
residual oxygen containing groups, vacancies and topological defects from degraded functional groups.

On the other hand, a number of activity losses are observed in the catalyst and catalyst support materials
under harsh operating conditions of PEM fuel cells. These losses are usually caused by reason such as fuel
starvation, poor water management, CO poisoning in the anode electrode. If the fuel in the anode is
insufficient, the voltage rises up to the value needed to oxidize the water to maintain the current. However,
such a high potential leads to carbon corrosion and metal dissolution, causing the anode catalyst layer to
degrade. Therefore, the use of corrosion-resistant materials is of great importance. For this purpose, the
cyclic voltammetry measurements were carried out to examine the electrochemical oxidation (carbon
corrosion) of rGO materials. The obtained voltammograms were shown in Fig. 7. The electrochemical
oxidation tests were performed by applying 1.2 V in both support materials for 24 h. The voltammograms
were performed in the range of -0.1 to 1.1 V against the normal hydrogen electrode (NHE). In both support
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materials, faradaic peaks were observed at around 0.6 V of anodic scan and around 0.55 V of cathodic scan,
corresponding to redox reactions of surface functionalities which provide pseudocapacitance. However,
these anodic and cathodic peaks become more pronounced after the electrochemical oxidation.
Furthermore, the peaks are shifted to higher and lower values after the electrochemical oxidation. Similar
findings were observed for many carbon-based support materials which is reported in the literature [12, 49,
50] and ascribed to the dependence on the surface concentration of hydroguinone/quinone redox couple
[51]. Also, it was seen that the CV currents have increased after reduction process for both support
materials, which reflect surface area changes as well as the formation of new surface oxide groups, is
correlated with the extent of carbon corrosion [50], although the exact relationship is not clear. According
to the obtained CV results, it can be said that the rGO1 exhibits better electrochemical properties compared
to rGO2 support.
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Figure 7. Cyclic voltammograms for rGO1 and rGO2 support materials before and after electrochemical oxidation

Fuel cell performances were also evaluated by using a single cell test station and the obtained polarization
curves were given in Fig. 8. It was observed that the performance of the catalyst prepared with rGO1 support
is higher than that of the rGO2 supported catalyst, especially at high current density region. This high fuel
cell performance can be attributed to the structural properties of rGO1 support material, which provides
superior mass transfer capability for reaction species compared to the rGO2 support material. The
maximum power density achieved with the Pt/rGO1 catalyst is approximately 635 mW/cm? and higher than
those reported maximum power density values for Pt/rGO (320 mW/cm?) [52], Pt/rGO (375 mW/cm?) [2],
the partially GO-Pt (161 mW/cm?) [25].
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Figure 8. PEM fuel cell polarization curves

4. Conclusion

In summary, we have demostrated a facile and effective method for the preparation of rGO supported
Pt NPs catalysts. Firstly, synthesis of rGO support materials were achieved by using two different
reducing agents and then Pt NPs were created over these support materials by using scCO2
deposition technique. To the best our knowledge, this is the first example of rGO supported Pt NPs
where Pt NPs were decorated on the support by using scCO: deposition technique. The
physicochemical and electrochemical experimental results showed that reducing agents used in the
rGO support materials significantly affect the properties of the support materials and also PEM fuel
cell performances. The maximum power density of 635 mWcm-! was achieved with Pt/rGO1
catalysts.
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Abstract

In this study, which is based on spectral disentangling in binary systems, € Lupi (HD 136504)
has been studied. € Lupi is a double-lined spectroscopic binary system (SB2) consisting of two
early type B stars. A total of 575 spectra of € Lupi downloaded from the PolarBase database
were used for spectral disentangling. Before spectral disentangling, we cleaned telluric lines,
merged orders, normalized the continuum of spectra. To obtain individual spectra of the
components, FDBinary code was used. Consequently, the spectra of the components of the ¢
Lupi system were separated in the wavelength range 3920 - 8560 A. The radial velocities and
atmospheric parameters of the primary and secondary components will be found using with
the resultant normalized spectra of € Lupi.

Key Words: Binary stars, Spectral disentangling, € Lupi, Spectral analysis.

Cift Yildizlarda Tayfsal Coziimleme: € Lupi
Ozet

Cift y1ldiz sistemlerinde tayfsal ¢6ztimleme konusunu ele alan bu ¢alismada, € Lupi (HD 136504)
yildiz1 incelenmistir. € Lupi iki erken tiir B yildizindan olusan ¢ift cizgili tayfsal ¢ift (SB2)
sistemdir. Tayfsal ¢6ziimleme icin € Lupi’ye ait PolarBase arsivinden indirilen toplam 575 tayf
kullanilmistir. Cift sisteme ait bilesen tayflar1 ayirmadan once telliirik ¢izgileri temizleme, tayf
pargalarini(order) birlestirme, siireklilik normalizasyonu vb. islemler uygulanmistir. € Lupi’ye
ait bilesen tayflarin ayri ayri elde edilmesi icin FDBinary kodu kullanilmistir. Sonug olarak, €
Lupi'nin bilesen tayflar1 3920 - 8560 A dalgaboyu araliginda ayrilmistir. Bu calisma sonucunda &
Lupi’'nin bilesenlerine ait normalize tayflar kullanilarak dikine hizlar ve atmosferik parametreler
bulunabilir.

Anahtar Kelimeler: Cift yildizlar, Tayfsal ¢6ziimleme, € Lupi, Tayf analizi.
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1. Introduction

Son yillarda cift yildizlarin analizi icin bircok yéntem gelistirilmistir. ilk olarak 1994 yilinda Simon &
Sturm yaptiklar ¢alisma ile yoriinge faz araligini1 kapsayan gézlemlerden cift ¢izgili tayfsal ikiliden
bilesen yildiza ait olan tayfi ¢ikarabildigi tayfsal ¢6ziimleme (SPD) teknigini bulmustur [1]. Bu teknik
SPD c¢izgilerinin i¢ ice gegcmesinden etkilenmeyen tayfsal yoriingeleri 6l¢emek icin kullanilmaktadir.
Ortaya c¢ikan ayrik tayflar ayrica orijinal gézlemlerden ¢ok daha yiiksek bir sinyal/ giiriiltii oranina
(S/ N) sahiptir, bu da onlar1 kimyasal bolluk analizi i¢in ¢ok yararlh kilmaktadir [2]. Daha sonra
Hadrava tarafindan 1995 yilinda 6nerilen ve i¢ ice ge¢mis (kompozit) tayflarin ayrilmasi icin DFT
(Discrete Fourier Transform) yontemi kullanilmistir [3]. Bu calismanin ardindan Sasa Ilijic (2003)
cift yildizlarn i¢ ice ge¢mis tayflarinin ¢éziimlemesi i¢cin FDBinary kodunu gelistirmistir [4]. Unix
isletim sistemi i¢in C programlama dilinde yazilan bu kod, Fourier alaninda ¢alisimaktadir.

Thackeray’a gore [5], € Lupi kesfi, Lick Southern Gézlemevinden 1907-1911 yillar1 arasinda alinan
10 plaka goriintisi ile Paddock tarafindan yapilmistir [6]. Ancak bagkalari tarafindan tek hiz
Olciimleri yapilirken 1907°de H.D. Curtis [7], ¢ift cizgilerin dikine hizlarim1 (Radial Velocity RV)
6lcerek kaydetti. Boylece € Lupinin ¢ift cizgili tayfsal ¢ift yildiz oldugu goézlendi. 1964 yilinda Radcliffe
Gozlemevinde tayf gozlemleri kullanilarak € Lupinin yoriinge parametrelerini elde etmek igin
calismalara baslandi. € Lupinin ¢ift ¢izgili davranisina ragmen tretilen ilk y6riingesi bulunmustur. €
Lupinin yo6riinge parametrelerinin belirlenmesini zorlastiran ti¢ durum vardi: (i) Alinan iki tayfin
farkli akida olmasi, (ii) sistemin bir y6riinge déneminin ¢eyreginden daha az zamanda, 100 km s-1
daha fazla olmasj, (iii) bilesenlerin ayrikliginin 160 km s-1 agmayan hizlara sahip olmasi. Bunlara
ragmen Thackeray (1970) Radcliffe tayflarin1 kullanarak € Lupi’ye ait yoriinge parametrelerini elde
etmis ve bu parametreler Tablo 1'de verilmistir. Tablo 1'de bas ve yoldas yildiza ait P (dénem)
degerinin olmasi sistemin tutulma goéstermemesinden ve sadece tayfsal cift sistem olmasindan
kaynaklanir.

Tablo 1: € Lupi sisteminin Thackeray (1970) tarafindan bulunan yoriinge parametreleri.

Parametreler Bas yildiz Yoldas y1ldiz Toplam sistem
P 4.559794+0.000013 4.559748+0.000026 4.559783 giin
To 39370.68+0.09
Y +7.4+1.94 +6.6+3.7 +7.9+1.4 km st
K1 56.5+2.3 56.1+1.5 km st
K> 65.3+2.8 64.8+1.8 km st
e 0.28+0.045 0.21+0.06 0.26+0.03
w1 324+11 330+10°
w2 171424
T 2439370.64+0.10 2430370.85+0.24  2439370.68+0.09
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2. Material and Methods

Cift sistemlerin bilesenleri optik teleskoplarla dogrudan gozlemlenemez ve ¢oziilemez. Fotometrik
olarak ayrilabilen bazi gorsel c¢ift yildizlar bilesen tayflarinin ayr1 ayr1 kaydedilmesine izin
vermeyebilir [4]. Cift y1ldiz sistemlerinin hemen hemen hepsinde bilesen yildizlarin parlakligi ¢ok
farkl olmadig1 miiddetce gozlenen tayf her iki bilesene ait 6zellikler barindirir. Yoriinge dénemi
boyunca diizenli zaman araliklarinda alinan bu tayflar, bilesen yildizlarin dikine hizlarinin yériinge
donemine bagimhlig1 ve tayf 6zellikleri hakkinda bilgi icerir.

Bilesen yildizlarin kiitlelerinin belirlenmesi icin sistemdeki bilesenlerin yoriinge hareketi nedeniyle
tayf cizgilerindeki kaymalara bakilir. Olgiilen dikine hiz profillerine uygulanan Gauss fiti yapilmasi
gibi basit yontemler ve ¢capraz korelasyon (cross-corelation) teknikleri gibi o kadar basit olmayan
yontemler standart dikine hiz 6l¢iim araglari olarak kabul edilir [8]. Ancak c¢izgilerin karismasi,
bilesen karisikligy, sinyal/ giirtltii orani gibi zorluklar bu tiir dl¢gtimler i¢cin engel teskil eder. Capraz
korelasyon tekniginin uygulanmasi ile biyiik bir ilerleme yasanmistir. Ancak bu teknigin dahi
(tiretilen sentetik tayflar veya belirli tayf tiirline ait olan bilinen bir yildizin tayfi gibi sablon tayflara
olan ihtiya¢ vb.) dezavantaji vardir. Yiizey sicakliklarinin belirlenmesi veya yildiz atmosferindeki
kimyasal element bolluklarinin incelenmesi gibi durumlarda sistemdeki bilesen yildizlarin tayflarina
ihtiyag¢ vardir. Elde edilen bu karma karisik bilgiler iceren tayf cizgilerinin ayrilmasi ve ¢oziilmesi
gerekir. Bu zorluklari gidermek i¢in kullanilan bazi yéntemler vardir.

Bunlar; (i) Spektroastrometrik Yarilma (Spectroastrometric Splitting), (ii) Tayfsal Ayirma (Spectral
Separation), (iii) Tayfsal Co6ziilme (Spectral Disentangling) [9]. Yildiz tayflarim1 ayr ayri elde
edebilmek ve yoriinge parametrelerini daha dogru bir sekilde hesaplayabilmek adina bu ¢alismada
tayfsal ¢oziimleme teknigi baz alinmistir.

2.1. Tayfsal Céziimleme (Spectral Disentangling, SPD)

SPD ile i¢ ice gegcmis tayflarin ayrilmasi, sadece bilesen yildizlarin tayflarinin yeniden
yapilandirilmasina degil, ayn1 zamanda yildiz sisteminin yoriinge parametrelerinin belirlenmesine
yonelik bir uygulamadir.

Yoriinge elemanlarini elde etmek icin ilk uygulamalarda bile, SPD tekniginin diger yéntemlerden
daha tstiin oldugu bulunmustur [1][10,11]. Sistemin i¢ ice ge¢mis (kompozit) tayflarinin her bir
bilesen tayfi icin dogru 151k faktorleri yani bilesenlerin toplam 1s1nima ne kadar katkida bulunduklar:
ve dikine hizlar1 bilinmelidir. Bu bilesenler bilindigi takdirde i¢ ice ge¢mis tayflarin yeniden
yapilandirilmasi ve bilesenlerine ayrilmasi miimkiindiir. Isik faktorleri, 151k egrilerinin analizi ile
belirlenebilir. Dikine hizlar, Gausslar iyi ¢6zllmis ¢izgilere yerlestirilmesi gibi geleneksel teknikler
yoluyla veya iki boyutlu ¢apraz korelasyon yoluyla dogrudan i¢ ice gecmis tayfta 6lciilebilir.

I¢ ice gecmis tayflarin ayrilmas icin 151k oram hakkinda énceden bir bilgi sahibi olmamiz gerekmez
ancak dikine hizlarin yanlis belirlenmesi bilesen tayflar1 ¢ozerken biiyilik bir sorun tegkil eder. Bu
nedenle, dogru dikine hizlar, yildiz sisteminin bireysel bilesenlerinin tayflarini yeniden
yapilandirmak icin gereken i¢ ice gecmis tayflar olan verilerin ikinci en kritik kismi olarak
diistintilebilir. SPD ile 6l¢iilen yoriingeler tutarlidir ve karmasik ¢izgiler i¢cin herhangi bir diizeltme
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gerekmez. Bu bakimdan SPD tekniginin uygulanmasi tesvik edicidir. Bu yiizden bu ¢alismada € Lupi
sistemine SPD teknigi uygulanmistir.

2.2. FDBinary Kodu

FDBinary, ¢ift yildizlarn i¢ ice gecmis tayflarinin ayrilmasi ve ¢6ziilmesi i¢in kullanilan a¢ik kaynakl
bir koddur. SPD dikine hizlar1 kullanarak Fourier uzayinda uygulanir. Ayrica Keplerin yoriinge
elemanlarindan bes parametreye baghdir: (i) bilesenlere ait dikine hiz yar1 genligi, (ii) dis merkezlik,
(iii) genel bir evre kaymasi ve (iv) enberi boylami. Yoriinge hareketlerini agiklayan bu parametrelere
ek olarak iki parametre kullanilabilir. Bu iki parametre ise Gozlenen girdi tayflar1 ve yoriinge
doénemidir. Gozlenen girdi tayflari, dalgaboyunda secilen araliklarla logaritmik o6lcekte
orneklenmelidir. Yoriinge donemi, gézlemlenen her bir tayfta belirlenmelidir.

SPD tekniginin uygulanmasinda kullandigimiz FDBinary kodu hiz uzayinda ve matris formatinda
calisir. Bu kodu farkli zamanlarda ve farkli dalgaboyu araliklarinda alinmis ¢ift yildiz sistemine ait
bileske tayflarini ayr1 ayr1 elde edilmesini saglar. FDBinary kodunun akis semasi Sekil 1'de
verilmistir.

Bilesik tayflar
Ermek icin bagil fazlar

1— Yoriinge parametreleri

iTERASYONUN RADYAL HIZ AYIRMA
BASLANGICI HESAPLANMASI ALGORITMASI
l iﬂilesen tayflar
OuTPUT FILTRELEME
DOSYASI

(vakinsama kriterleri karsilanmali)

¥

BIRLESTIRME VE
L | KARSILASTIRMA

-—

Girilmis ve yeniden yapilandiriimis kompozit tayflarin farkinin karelerinin toplami |

Sekil 1. FDBinary kodunun akis semasi
FDBinary kodu girdi (input) ve ¢ikt1 (output) dosyalarindan olusur. Girdi dosyasinda verdigimiz

parametrelere gore bu kod iterasyon yaparak ¢ikt1 dosyasini olusturur ve bize bilesen yildizlara ait
ayrilmis tayfalari verir.
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Sekil 2. € Lupi’ye ait FDBinary i¢in hazirlanan input dosyasi.

Olusturulan girdi dosyasi, gozlenen tayflar icin yoriinge parametreleri ve girilen ilk degerler gibi
tanimlayicilari iceren kontrol dosyasidir. Zamanlar giin, hizlar km s-! ve agilar derece cinsindendir.
Sekil 2'de verilen 6rnek girdi dosyasinin icinde bulunan ‘epslup_master.obs’ isimli dosyada sisteme
ait gozlenen tayflar bulunur. Bu dosyada, ¢ift sisteme ait tayflarin dalgaboyuna (logaritmik 6lcekte)
karsilik normalize aki degerlerini iceren matris formatinda veriler bulunur. ‘epslup’ ise ¢dziimleme
icin kullanilan dalgaboyu araligindaki gézlemleri iceren ¢ikt1 (output) dosyasidir. Sekil 2’de bulunan
pembe kutunun icindeki degerler sirasiyla gézlem tayflari, ¢éziimleme yapilacak dalgaboyu araligy,
cikti dosyasi ve yildiz sistemine ait bilesen degerleridir. Kirmizi1 kutunun icinde tanimlananlar
gozlenen tayfa ait 6zellikleri igerir. Sirasiyla siitunlarda bulunan degerler: gézlemlere ait Jiilyen giinii
(JD), glines merkezli dikine hiz diizeltmesi, hata payi, bas yildiza ait 151k faktdrii ve yoldas yildiza ait
151k faktori. Mavi kutunun i¢indeki degerler tigiinci bilesene ait degerlerdir. Yesil kutunun igindeki
degerler i¢ yoriingeye ait parametreleri icerir. Bu degerler; donem (P), baslangi¢ zamani (TO0), dis
merkezlik/basiklik (e), yildizin ko¢ noktasindan enberi noktasina olan agisi (w), bas yildizin dikine
hiz1 (K1) ve yoldas yildizin dikine hiz1 (K2) seklindedir. Son olarak mor kutunun icindekiler ise
sirasiyla kalibre sayisi, iterasyon ve toleranstir.

SPD yapilacak olan y1ldiza ait parametreler ile olusturulan girdi dosyasinin hazirlanmasiyla FDBinary
kodu calistirilir. Bu kod verilen ilk degerleri kullanarak iterasyon yapar ve cift yildiza ait tayflar
ayirir. Bu islemin tamamlanmasiyla bu kod bize ayrilmis tayflara ait ¢ikti1 dosyalarini verir.

3. Tartisma ve Bulgular

PolarBase yildiz arsivinden sicakliklar1 10000-40000 K arasindaki ¢ift yildiz sistemlerini
incelenmistir. incelenen bu yildizlardan SPD icin uygun gériilen & Lupi cift yildiz sistemi {izerinde
calismaya karar verilmistir. PolarBase y1ldiz arsivinden € Lupi’ye ait normalize edilmemis tayflara ait
veriler indirilmistir. Indirilen verilerden Jiilyen giinleri ile Tablo 1’deki sonug siitununda yer alan P
ve TO degerlerini alarak FDBinary sonucunda elle ettigimiz dikine hizlar ile € Lupi’ye ait tayflarin evre
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dagilimina gore dikine hizlar1 hesaplanmistir (Sekil 3). Cift yildizlarin iki bileseninden ayni anda 0.25
ve 0.75 evrelerinde tayf bilgisi alindigindan dolay1 € Lupi'nin bu evreler civarindan tayfinin olup
olmadigini kontrol edilmistir. Evre dagilimini iyi anlayabilmek icin hesaplanan evrelerin dikine hiz
egrisi olusturulmustur.

80 | ' | ' ' ]
60 | - =
40 | ’ N - 1
20 | , |
0t L

20 | * J

Dikine H:z (km/s)

40 | . - - ]

60 | |
BasBile $2n
Yolda sBile $£n

80 | b S

0 0.2 0.4 0.6 0.8 1
Evre
Sekil 3. PolarBase arsivinden indirilen 575 tane tayf kullanilarak olusturulan & Lupi’ye ait dikine hiz egrisi.
Sistemdeki bas(mor) ve yoldas(yesil) bilesene ait tayf cizgilerinin dikine hiz 6l¢limleri verilmistir. x-ekseninde
evreye karsi y-ekseninde dikine hiz degerleri verilmistir.

Tayfsal ayirmanin ilk asamasi olarak, € Lupi'ye ait indirdigimiz tayflarin icindeki verilerde eksiklik
olup olmadig1 incelenmistir. Bunun sonucunda 568 tayfin kullanilabilir olduguna karar verilmistir.
Bu tayflar1 normalize etmek icin yazmis oldugumuz normalizasyon kodu kullanilmistir. Bu kodu
kullanmadan 6énce iSpec yardimiyla € Lupi’ye ait atom ¢izgilerinin tayf iizerindeki konumlarim
dalgaboyuna gore belirleyerek ¢izgi listesi olusturulmustur. Olusturdugumuz bu ¢izgi listesini, atom
cizgilerinin stirekliliginin bozulmamasi i¢in normalizasyon kodunda kullanilmistir. Normalizasyon
koduyla: (i) Atmosferden kaynakli etkilerden olusan telliirik cizgileri tayftan temizledik, (ii)
strekliligi bulmak icin tayf pargalarinin (order) aki degerinin maksimum ile minimumdaki dalga
boyunu ve medyan degerlerini belirledik, (iii) belirli dalgaboyu araliklarindaki tayf parcalarina
sirasina gore normalize ettik. Normalizasyon sonucu elde ettigimiz tayf parcalarini birlestirilirken
bazi sorunlar meydana geldi. Birlesmis tayfta, tayf parcalarinin kenarlari iist liste gelerek stirekliligin
aki kalinlasmasina neden oldu. Bu sorunu giderebilmek icin tayf pargalarini dalgaboyuna gore
kirpilmistir. Ardindan tayf parcalarinin ortalamasini ve medyanini alarak tekrar normalize
edilmistir. En sonunda tiim tayf pargalar: birlestirilmistir. Birlestirdigimiz tayf parcalar1 Sekil 4’te
sunulmustur.
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Sekil 4. € Lupi’ye ait farkli evrelerde alinmis 20 tayfin dalgaboyuna karsilik normalize aki grafigi. Burada Helyum
(4471 &) ve Magnezyum II (4481 A) cizgilerinin evreye gore degisimi rahatlikla fark edilmektedir.

Normalize ettigimiz tayflar inceledigimizde Balmer Serisinin iyi bir sekilde normalize olmadigini
fark ettik. Bu durum Balmer c¢izgilerinin genis olmasindan kaynaklanir. Bu etkinin sonucunda
stireklilik normalizasyonunda kaymalar meydana gelir. Bu sorunun giderilmesi i¢in hidrojen
cizgilerine farkll bir normalizasyon islemi uyguladik. Ornek olarak Sekil 5’te yeniden normalize
edilmis Hy c¢izgisi iSpec lizerinden gosterdik.

1.0
0.9 4
0.8 4
%
]
=
0.7

0.6 4

Spectra

0.5 1

430 440 450 460 470
wavelength (nm)

Sekil 5. Yeniden normalize edilmis Hy ¢izgisinin dalgaboyuna (wavelength) karsilik aki (flux) degerinin iSpec
araytziinde gdsterimi. Dalgaboyu nanometre (nm) birimindedir. Hy ¢izgisi 434.1 nanometreye karsilik gelir.

€ Lupi sistemine ait yildizlarin tayflarini ayri ayri elde etmek icin incelenen tayflarin FDBinary

programinda kullanilacak formata doniistiirdiik (Ayrintilari i¢in bkz. boliim 2.2). FDBinary kodu i¢in

Sekil 1'deki gibi girdi dosyalarimizi olusturduk. Bu dosyalar olusturulurken bilesenlerin 1s18a katki

oranlar1 bilinmediginden ikisi icinde 151k faktori (If = 1.0) degerini aldik. € Lupi’'nin normalize edilmis
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tayfini en fazla 30 A dalgaboyu araliklarinda bélerek kodu ¢alistirdik. Bu islemi Balmer serisi i¢in de
ayrica yaptik. FDBinary kodu ile girilen parametrelere gore belirledigimiz dalgaboyu araliginda
iterasyon yaparak € Lupi'nin bilesenlerinin tayfini ayr1 ayri elde ettik. Sonug olarak FDBinary bize bes
cikt1 dosyasi1 verdi: (i) “obs’ uzantili bilesik tayfi, (ii) “mod’ uzantil bilesen yildizlarin ayrilmis
tayflarin1 iceren model tayfi, (iii) ‘res’ uzantih ayirma islemi icin belirledigimiz dalgaboyu
araligindaki kalintisy, (iv) “rvs’ uzantili bilesenlerin dikine hiz verileri ve (v) “log’ uzantili yapilan
islemlerin kayitlarinin oldugu dosya. Elde edilen bu dosyalardan ‘. mod’ uzantili dosyadaki bilesenlere
ait model tayflar1 ayirdik. Siirekliligi normalize etmek icin 6ncelikle iSpec koduyla hazirlanmis
gridlerden sentetik tayf olusturduk. Bunun i¢in B yildizlarina 6zel hazirlanan BSTAR2006_TLUSTY
sentetik tayf gridlerini kullandik [12]. Ayrica € Lupi’ye ait bas ve yoldas yi1ldizin sirasiyla yiizey cekim
ivmeleri loggAa = 3.97, loggAb = 4.13 ve etkin sicakliklari i¢in sirasiyla Teff Aa = 20500 K, Teff Ab =
18500 K ile tayf ¢oziintrligii icin de R = 85000 piksel kullandik.

Olusturulan sentetik tayfi Java Multipeagle programinda kullanarak, FDBinary’den elde edilen
tayflarin siirekliligini normalize ettik. Bu islem sirasinda siireklilikteki c¢akisan kisimlarin
fazlaliklarini atarak birlestirdik. Son olarak bas ve yoldas yildiza ait normalize edilmis ve ayrilmis
tayflar Sekil 6 ve Sekil 7’de 6rnek olarak cizdirdik.

Normalize Aki
-

0.6 i (

‘l bas bilesen
h yoldas bilesen
0.4 evre=0.25
evre=0.l75

6520 6540 6560 6580 6600 6620 6640 6660 6680 6700
Dalgaboyu (A )
Sekil 6. £ Lupi’ye ait 6520 - 6700 A dalgaboyu araligindaki ayrilmis tayflarin bas yildiz (mor), yoldas yildiz (yesil)
ve birlesik tayfin 0.25 (Mavi) ve 0.75 (Sar1) evreden alinan tayflari olmak lizere normalize akiya karsi dalgaboyu
grafigi. Grafikte Ha (6563 A) ile He I (6678 A) gosterilmektedir.
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Sekil 7. € Lupi’ye ait FDBinary kodu ile ¢ozdugiimiiz Si I1I (4553 A ve 4568 A) sogurma cizgilerine ait

normalize aki degerine karsi dalgaboyu grafigi. Bas yildiz (mor) ve yoldas yildiz (yesil) olarak
cizdirdik.

4. Sonug ve Oneriler

Cift yildiz sistemlerinde tayfsal ¢éziimleme konusunu temel alan bu ¢alismada, iki erken tip B tayf
tiiriinden yildiz iceren € Lupi (HD 136504) cift cizgili tayfsal cift sistemi kullanildi. € Lupi’'nin evre

dagiliminin iyi olmasi ve daha dnce tayfsal ayirma yapilmamis olmasi bizim i¢in iyi bir aday oldugunu
gosterdi.

€ Lupi'ye ait farkli evrelerdeki gozlemlerden cift ¢izgili tayfsal c¢iftin bilesenlerine ait olan tayfi
ayristirmak icin tayfsal ¢oziimleme (SPD) teknigini uyguladik. SPD teknigini uygularken iSpec
programindan ve FDBinary kodundan yararlandik. Bu ¢alisma sonucunda & Lupi sistemine
uyguladigimiz ¢éziimleme teknigi ile bas ve yoldas bilesenlerin ayr1 ayri tayflarini elde ettik. Ayrica
Sisteme ait yoriinge parametrelerini Ki= 53.8914 km s-1, Ko= 64.6822 km s-1, e = 0.2723, To=
2439370.83 JD ve w= 383°.1 olarak hesapladik.

Calisma sonucunda elde edilen ayrilmis tayflar kullanilarak yildizlarin atmosferik parametreleri
belirlenebilir. Ek olarak ¢alisma sonucunda & Lupi’ye ait normalize edilmis tayflara LSD ve CCF
yontemlerini uygulayarak bilesenlerin dikine hizlar1 hesaplanabilir. Bulunan dikine hizlarla
bilesenlere ait kiitleler elde edilebilecegi sonucuna varilmistir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar catismasi olmadigini beyan etmektedirler.
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Abstract

A silica mineral contained in gravel taking from the Kizilirmak deposit and bearing organic
radicals in its structure was investigated by EPR spectroscopy. The type of radicals in the silica
mineral determined under different temperatures and different microwave power were by
examining the intensity distributions of the EPR lines. In EPR spectra, the signals with different
intensity distributions were detected. g and A spin-Hamiltonian parameters for these signals
were calculated and given in Table 1. These signals are attributed to the CH,, CH; , CH, CO;, O3
radicals in the glassy structure by comparing with the literature.

Key Words: EPR, Radical, Glassy structure.

Kizilirmak Yatagindan Cikarilan Dogal Silis Mineralinin EPR

Spektroskopisi ile incelenmesi

Ozet

Kizilirmak yatagindan alinan ¢akil icinde bulunan ve yapisinda organik radikaller bulunduran bir
silis minerali EPR spektroskopisi ile incelenmistir. Farkli sicakliklarda ve farkli mikrodalga giicii
altinda incelenen silis minerali icerisindeki radikallerin tiirii, EPR ¢izgilerinin siddet
dagilimlarina bakilarak belirlenmistir. EPR spektrumlarinda siddet dagilimlari birbirinden farkh
olan sinyaller tespit edilmis ve bu sinyallere ait g ve A spin-Hamiltonien parametreleri
hesaplanmis ve Tablo 1'de verilmistir. Literatiir ile karsilastirilarak, sinyaller camsi yapi
icerisindeki CH,, CH;,CH , CO;, 05 radikallerine atfedilmistir.

Anahtar Kelimeler: EPR, Radikal, Camsi1 yapu.
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1. Introduction

The root of natural stones is based on the molten magma of the Earth's core, which constantly moves
and always tries to reach the outer surface. Some of this extremely hot mass brings volcanic activity
and lava flow. Magma often flows into underground cracks in the lower layer of the planet. Boiling
water, steam and gases have also accompanied with the molten rock and minerals. It has been
occurring the crystals and precious stones by combining with many minerals that accumulates in the
cracks while gasses are become cold.

The surrounding mineral is shaped by pressure, heat and chemically acid or basic media. The small
change in environmental conditions can even allow a mineral to grow, stop, change or even form a
new one. This may cause to show different properties in the same mineral found in different places
[1, 2]. There are many active fault lines in Turkey. There are many different natural phenomena and
occurrences around these lines. For example, hot water sources and springs are in these regions. In
addition to these, various geological events are also observed in these regions. Granites, syenite,
monzonite, quartz diorite, biotite granites are present in the massifs along the Kizilirmak. Marble,
fluorite, copper, zinc, chromite and magnesite were also detected in the region. One of these is the
SiO2 mineral in the glassy or the crystal forms (quartz, etc.), which is very common in nature. This
mineral, in general called as silica or siliceous compound, present in pure form and it composes
precious and semi-precious stones in different colors by keeping various metals in impurities, such
as opal or amethyst.

Besides these well-known forms, well-known organic radicals can also be trapped within various
silica composite located near moving fault lines as mentioned. There is no accurate information about
the trapping mechanisms of most active organic radicals trapped in the cavities formed in the SiO-
matrix. But the most comment one is, the trapped organic compounds which is in silica composite
melted within the fossil deposits such as coal, natural gas or oil leaked due to hot magma approaching
the surface in faults are fragmented by exposure to high-energy radiation as radiated from
radioactive radon (or someone else) leaked from fault fissures. These chemically important and
active radicals have continued their existence almost indefinitely since thousands, perhaps millions
of years, despite being exposed to various natural conditions [1].

Electron paramagnetic resonance (EPR) spectroscopy is, as well known, a powerful technique for
detecting and analyzing trace amounts of paramagnetic impurities at various temperatures. EPR
deals only with transitions between spin states. It is not only the external magnetic field that is
effective in spin transition. Local magnetic fields produced in the paramagnetic center also affect the
spin transitions. The sources making up the local magnetic fields are the nuclei having non-zero spin
and other paramagnetic centers located the orbit of the electron and near, which interacts with the
paramagnetic ions. In this way, EPR gives detailed information about the orbit of the paramagnetic
ion and its interacting nuclei. It can be comments on by taking advantage of the properties of the EPR
spectrum such as line intensity, line position, line width and line splitting.

The hyperfine interaction between the magnetic moment of an electron and the magnetic moment
of a nucleus can be studied with various experimental techniques [3]. In Electron
Paramagnetic Resonance 0EPR) spectroscopy, hyperfine interactions manifest as line splittings in
the spectrum. 29
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Such splittings, originating from copper nuclei with spin I= 3/2, have first been observed by R.P.
Penrose in 1949 [4] in a single crystal of a copper doped magnesium tutton salt. Since then,
measurements of hyperfine interactions with EPR have developed to an indispensable tool for the
study of paramagnetic entities in single crystals, in polycrystals, and in frozen and liquid solutions
[5-8]. Hyperfine data are particularly helpful in understanding the electronic and geometric structure
of paramagnetic species. They enable one to draw up a detailed mapping of the electron spin density
distribution, and contain precise information about the spatial arrangement of the nuclei close to the
unpaired electron [9, 10].

Electron paramagnetic resonance (EPR) spectroscopy is, as well known, a powerful technique for
detecting and analyzing trace amounts of paramagnetic impurities which is assumed to be reflecting
the lattice structure of the host at various temperatures. In this study, the types of radicals are
determined by examining a silica mineral containing organic radicals and located in pebbles taken
from the bed of the Kizilirmak with an EPR spectrometer. This research is particularly interesting for
those who work on natural formations, organic radicals, and spectroscopic techniques. It is estimated
that the silica mineral was probably formed by the drift of Kizilirmak along the active North Anatolian
fault line.

2. Materials and Method

Silica minerals containing organic radicals were extracted from the Kizilirmak deposit. Samples were
cleaned to remove any contamination and sized appropriately for EPR measurements. EPR spectra
of minerals are recorded in a magnetic field modulation frequency of 100 kHz by using a Varian E-
104 X-band EPR spectrometer. The g values were achieved by comparison with a 2,2-diphenyl-1-
picrylhydrazyl (DPPH) sample of g = 2.0036.

3. Results and Discussion

EPR spectroscopy is the most powerful tool known for examining and determining these important
radicals, in trace amounts, in the minerals containing silicon dioxide and in the glassy structure. An
X- band EPR spectrometer was used through the experimental work. The EPR spectra taken this
glassy structure found in nature at room temperature shown in Fig. 1 and at 433 K in Fig. 2. The line
widths of the signals represented by A and B are increased by rising the temperature to 433 K and
therefore the line amplitudes are decreasing. By increasing the microwave power applied to the
sample at this temperature, the EPR signals lost in the spectra due to the high Signal to Noise ratio
have become evident.

When the permitted transitions are considered in the EPR, if an unpaired electron interacts with a
nucleus having the spin [, 21 + 1 lines with the identical EPR intensity distributions are observed. If
there are n identical nuclei interacting with the unpaired electron, the 2n/ + 1 lines appear, whose
intensities are not identical. EPR signal groups with different the intensity distributions were
observed in the spectrum given in Fig. 2. Existing more than one radical group with the same intensity
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distribution indicate that they are taking place in different chemical environments. The hyperfine
spin-Hamiltonian has the form

Hpps = SAI
In first order, the measured hyperfine angular frequency consists of two contributions, the isotropic
Fermi contact term;

_ 8
Aiso = ﬁgeﬂegnﬂn<¢ol6(r)|¢0)

and the electron-nuclear dipole-dipole coupling;
)

geﬁe;ignﬂn < "
where 1, is the orbital of the unpaired electron and r; is a component of the radius vector from the
electron to the nucleus. The spin-only coupling tensor AP? is traceless and symmetric [11].

g values and superfine splitting constants (4) were found for every radical appears in this glassy.
These values indicate which of the signal is belong to which radical. The measured g and A
parameters are given in Table 1.

2
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Figure 1. EPR spectrum of natural glassy at room temperature (microwave power= 14 dB).

From the calculated g values of the EPR lines marked as A and B and varied the line widths and
intensities as depending on temperature, this EPR signals were determined that belong to O3 and
COj3 radicals, respectively. The g values for these radicals are in agreement with the g values obtained
in previous studies [12-14, 17, 22].
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Table 1. Spin-Hamiltonien parameters of radicals in natural glassy structure.

g + A * 05 Az + 05 + Ar * 05 Az £ 05
Radical Radical
0.0003 (G) (G) 0.0003 (G) (G)
A 2.0111 - - E 2.0024 8.75 -
B 2.0002 - - F 2.0026 22 -
C 2.0018 27 - G 2.0011 123.5 -
D 2.0022 22.5 - H 2.0033 76 5.5

| 2

o

Figure 2. EPR spectrum of natural glassy taken at 433 K (microwave power = 8dB).

The quartet signal (D) shown in Fig. 2 and having a 1: 3: 3: 1 intensity distribution originates from
three identical protons of the methyl (¢ CHs) group. The g and A values found for this signal is
compatible with the literature for the ¢ CHs radical [13]. Although the methyl radical is extremely
active and mobile, the silica continues its existence in the lattice since thousands of years.

The hyperfine structure splits of the two triplet signals (E and F) in Figure 2 are quite different from
each other and the E and F signals have identical shape but belong to two different group in the
structure. The g values calculated for these radicals are equal to each other. The difference of
hyperfine structure splits is due to CHz radicals are linked to different inactive groups [15].
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The doublet line indicated by "G" in Figure 2 with the hyperfine splitting of 123.5 G and g = 2.0011
belongs to « HCO radical. The calculated values of g and A for this signal are in good agreement with
the published data in the literature [16].

Another doublet with 27 G splitting and g = 2.0018 value appears in Fig. 2. This signal previously
represented with a "C" belongs to the « CHz radical attached to an inactive group R3 [18-20]. "H" signal
appearing as quadruple signals in the spectrum in Fig. 2 attributed to « CHOH radical. The unpaired
electron interacted with one of the non-identical protons and signaled the doublet. The unpaired
electron then interacts with the beta proton to cause a doublet repeat splitting [20, 21].

4. Conclusions

The EPR spectra of the natural glassy structures containing silicon are given in Fig. 1 ad Fig. 2. The g
values of signals A and B in Figure 1 were determined as 2.0111 and 2,0002 and attributed to radicals
03 and CO;, respectively. It was observed that the line widths and intensities of the EPR signals of
these radicals changed with temperature. According to the g values of the EPR signals represented
by C, D, E, F, G and H in Fig. 2, they can be assigned to the organic radicals ¢ CHz, « CH3, CH2-R1, CHo-
Rz, « HCO and » CHOH respectively. The spin Hamiltonian parameters of each signal were found and
are given in Table 1. The results show that this mineral was probably deposited by the Kizilirmak
drifting along the active North Anatolian fault line.
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Abstract

In this work, the light curves of NSVS2175434, V783 And, ASAS J020753+2034.1 and NR CAM W
Uma type eclipsing binary star systems were obtained by using 0.5 meter ATA50 telescope in
Atatiirk University Astrophysics Research and Application Center (ATASAM). The orbital period
variations of the systems were analyzed using the "timing" method. Only the O-C diagram of NR
Cam was performed because the eclipse times of the other systems in the literature are not
sufficient. When the O-C diagram of the NR Cam system is examined, no clear change has been
observed for the time being. However, more observational data are needed to understand
whether changes will occur in the future.

Key Words: Binaries, W Uma, Eclipsing stars

DORT W UMA CIiFT YILDIZ SISTEMININ FOTOMETRIK GOZLEMLERI

Ozet

Bu galismada NSVS2175434, V783 And, ASAS J020753+2034.1 ve NR CAM W Uma tipi orten ¢ift
yildiz sistemlerinin Atatiirk Universitesi Astrofizik Arastirma ve Uygulama Merkezi (ATASAM)
bilinyesindeki 0.5 metrelik ATA50 teleskobu ile elde edilen ortiilme 151k egrileri sunuldu.
Sistemlerin yoriinge donem degisimleri “zamanlama” yontemi kullanilarak incelendi. NR Cam
disindaki sistemlerin literatiirdeki minimum zamanlar yeterli olmadigi icin sadece NR Cam’in O-
C diyagrami olusturuldu. NR Cam sistemine ait O-C diyagrami incelendiginde net bir degisime su
an icin rastlanilmadi. Ancak ilerleyen zamanlarda degisimin olup olmayacagini daha net
gorebilmek icin daha fazla gézlemsel veriye ihtiya¢ vardir.

Anahtar Kelimeler:_ Cift yildizlar, W Uma, Ortiilme
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1. Giris

Gokyliziinde gordiigiimiiz yildizlarin yarisindan fazlasi iki veya daha fazla yi1ldizdan olusmaktadir. Bu
tiir sistemler ¢ift yi1ldiz olarak adlandirilmaktadir. Cift y1ldiz sistemleri, ortak kiitle merkezi etrafinda
kiitle cekim etkisi altinda Kepler yasalarina gore yoriinge hareketi yapan iki veya daha fazla yildizdan
olusan sistemlerdir [1]. Cift yildizlarda aralarindaki kiitle cekim kuvvetinden yola ¢ikarak sistemdeki
bilesenlerin 1sinim giicli, yarigap ve kiitle gibi bazi temel parametreler hesaplanabilir. Bu
parametreler yildizlarin olusum siirecleri ve evrim teorileri hakkinda bilgi sahibi olmamiza yardimci
olur. Ayrica, c¢ift yildizlar yildiz evriminin agiklanmasinda, yakin galaksilerin uzakliklarinin
belirlenmesinde, X-1s1n ¢iftleri, kataklizmik degisenler, novalar, simbiyotik yildizlar ve baz1 tiir
stiipernovalarin agiklanmasinda da énemli rol oynamaktadir. Bu nedenle cift yildizlar, astrofizikte
tekli y1ldizlara nispeten daha ¢ok bilgi sunmalar1 bakimindan daha biiyiik bir 6neme sahiptirler.

Cift yildiz sistemleri go6zlemsel olarak kesfedilme ve incelenme yontemlerine gore Gorsel,
Astrometrik, Tayfsal ve Orten cift yildizlar olarak sinmiflandirilir. Orten cift yildizlarda, sistemdeki
bilesenlerden birinin digerinin 6niinden gecerken sistemin parlakliginda periyodik bir azalma
meydana gelir. Bu nedenle bu tiir ¢ift yildiz sistemlerine “Orten Degisen Yildizlar” adi da
verilmektedir [2, 3]. Orten ciftler, 151k egrilerinin sekillerine gére; Algol tiirii (EA), B Lyrae tiirii (EB)
ve W UMa tiirii (EW) sistemler olmak tizere ii¢ ana gruba ayrilirlar. W Uma tiirii sistemler; farkh
kiitlelerde, neredeyse ayni sicakliklara sahip, birbirine ¢ok yakin ve her ikisi de Roch lobunu
doldurmus yildizlardan olusan cift y1ldiz sistemleri olup bu sistemler asir1 degen drten giftler olarak
da bilinir [2, 4].

Son yillarda, yapilan arastirmalar sonucunda cift yildiz sistemlerinin yoriinge dénemlerinde
periyodik olarak bir degisimin oldugu gézlendi [5, 6, 7, 8,9, 10]. Bu arastirmalar cift y1ldiz sisteminin
kiitle merkezinin hareketinden kaynaklanan ve sistemdeki bilesenlerin karsilikli olarak birbirlerini
ortme zamanlarindaki periyodik degisimlerin 6l¢iilmesi sonucu gorilen LTT (the Light Travel Time)
etkisinin incelenmesiyle yapildi [8, 11]. LTT etkisi olarak yorumlanan sistemin tutulmalarinin 0-C
(Observed-Calculated) zamanlarindaki periyodik degisimlere dayanan yontem ise “zamanlama”
yontemi olarak adlandirilmaktadir. Bu calismada NSVS2175434, V783 And, ASAS J020753+2034.1
ve NR CAM olmak iizere dort drten W Uma tiirii ¢ift yildiz sisteminin minimum zamanlari
hesaplanarak yoriingesel dénemlerinde herhangi bir degisimin olup olmadig1 “zamanlama” yontemi
kullanilarak incelendi.

2. Materyal ve Yontem

NSVS2175434, V783 And, ASAS ]J020753+2034.1 ve NR CAM W Uma tipi orten cift yildiz
sistemlerinin gézlemleri, Atatiirk Universitesi Astrofizik Arastirma ve Uygulama Merkezi (ATASAM)
biinyesindeki 26.3'x26.3" goriis alanina sahip Apogee U230 2K CCD kamera ile 0.5 m'lik (ATA50)
teleskop kullanilarak 15 Ekim 2021 ile 16 Kasim 2021 tarihleri arasinda her bir kaynak i¢cin bir gece
olacak sekilde gerceklestirildi. Tiim sistemlere ait goézlemler, R ve/veya B filtrelerinde ve 20-60 sn
araliginda poz siiresi verilerek yapildi.
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Temel goriintl indirgeme verileri Bias, Dark ve Flat neredeyse her gézlem gecesi icin ayr1 ayr1 alindi.
Veri indirgeme islemi Python (CCDData, ccdproc, numpy, astropy, matplotlib ve glop gibi paketler)
ve MaximDL programlar: kullanilarak yapildi. Veri indirgeme islemi sirasinda standart Bias, Dark
cikarimi ve Flat diizeltmeleri yapildi. Temel amacimiz sadece fark 151k dl¢ciimiinii elde etmek oldugu
icin herhangi bir standart yildiz gézlenmedi. Fakat veri indirgeme siiresince karsilastirma yildizi
olarak kaynaga hem parlaklik hem de konum olarak en yakin yildiz kullanildi (Tablo 1).

Tablo 1 Dort W Uma tipi drten ¢ift y1ldizin ve fark 1s1ik 6l¢timii sirasinda kullanilan referans yildizina ait bilgiler
[12]

Kaynak Kadir Referans Kadir
NSVS2175434 13.80 (G) TYC 4087-1801-1 | 10.72 (V)
V783 And 14.84 (R) TYC 2781-920-1 12.44 (B)
ASAS J020753+2034.1 12.85 (V) TYC 1220-1405-1 | 11.23 (V)
NR Cam 10.97 (V) GSC 4531-1979 8.15 (V)

Bu islemlerin ardindan sistemlere ait ortiilme 151k egrileri elde edildi. Sistemlere ait yoriinge zaman
degisimlerinin incelenebilmesi i¢in elde edilen 151k egrileri Gauss (Denklem 1) ve Polinom (Denklem
2) fonksiyonlari iceren bir fonksiyon (Gauss+Pol) ile modellendi.

Gauss Fonskiyonu:

el-G-w?/20%] Denklem 1

A
f(x;A,M.0)=Gm

Polinom Fonksiyonu:

fx;co €1, ,07) = Z cixt Denklem 2
i=0,7
Sekil 1a, 1b, 2, 3 ve 4’de goriildiigi gibi elde edilen modellenmis 151k egrilerinden dort sistem icin de

minimum zamanlari belirlendi.

NSVS2175434 (R Filtresi)

Dill. Mag

U ID(12459524)

Sekil 1a. NSVS2175434 sisteminin R filtresi kullanilarak ATA50 teleskobu ile yapilan gozleminden elde edilen
modellenmis 151k egrisi
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Sekil 1b. NSVS2175434 sisteminin B filtresi kullanilarak ATA50 teleskobu ile yapilan gézleminden elde edilen

modellenmis 151k egrisi
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Sekil 2. V783 And sisteminin R filtresi kullanilarak ATA50 teleskobu ile yapilan gézleminden elde edilen

modellenmis 151k egrisi

ASAS J020753+2034.1 (R Filiresi)
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Sekil 3. ASAS J020753+2034.1 sisteminin R filtresi kullanilarak ATAS50 teleskobu ile yapilan gézleminden elde

edilen modellenmis 151k egrisi
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ASAS J02075312034.1 (R Filiresi)

Difl. Mag

ID (+2459510)

Sekil 4. NR Cam sisteminin R filtresi kullanilarak ATA50 teleskobu ile yapilan gézleminden elde edilen
modellenmis 151k egrisi

Minimum zamanlar, JD (julian date)’den BJD (barycentric dynamical julian time)’ye doniistirildii
[13]. Dort sistem i¢in de tiiretilen minimum zamanlari Tablo 2’de gosterildi.

Tablo 2 D6rt W Uma sistemine ait elde edilen minimum zamanlari

Kaynak BJD Hata
V783 And 2459503.37174581 | 0.0060
ASASJ020753+2034.1 2459510.34073458 | 0.0038
2459510.33099462 | 0.0076
NSVS2175434 2459524.26392948 | 0.0026
2459524.37377038 | 0.0027
2459524.26353281 | 0.0036
2459524.37320581 | 0.0038
NR Cam 2459535.26596463 | 0.0010
2459535.39245006 | 0.0023

3. Yoriinge Donem Degisimi

Cift yildiz sistemlerinde goriilen yoriinge donem degisimini inceleyebilmek icin sistemlere ait
literatiirdeki minimum zamanlar arastirildi. Ancak O-C diyagramini hazirlayabilmek i¢in V783 And,
ASAS ]020753+2034.1 ve NSVS2175434 sistemlerine ait yeterli minimum zamani bulunamadi. Bu
nedenle sadece NR Cam i¢in yoriinge donem degisimi incelendi. NR Cam sisteminin, Tavakkoli vd.
(2015) tarafindan verilen minimum zamanlar ile yeni gézlemlerimizden elde edilen minimum
zamanlar birlestirildi [14]. incelenen kaynagin yériingesel donemlerinde degisim olup olmadigina
bakabilmek i¢in her bir kaynagin elde edilen minimum zamanlar Sekil 5’deki gibi lineer 1s1k
elemanlar ile fit edilir (Denklem 3).

BID =T, + PyL Denklem 3

39



Ervd. (2022). Journal of Anatolion Physics and Astronomy (JAPA), 2 (1), 35, 42

NR Cam
—— Lineer Fi
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Sekil 5. Tiim minimum zamanlara uygulanan lineer efemeris modeli

Burada, T_Odogrulugundan emin olunan baslangi¢ minimum zamani, P_0 sistemin yoriinge
dénemini, L ise T_0’dan itibaren meydana gelen ortiilme sayisini temsil eder [15]. Tim minimum
zamanlari ile Denklem 3 kullanilarak NR Cam sisteminin baslangi¢ minimum zamani ve yoriinge
dénemi asagidaki gibi bulundu.

BJD = BJD 2451589.74618272(10) + L x 0.2558861610(3)

Tim minimum zamanlari i¢in elde ettigimiz yeni baslangi¢c minimum zamani ve yoriinge donemi
ile sistemin O-C diyagrami Sekil 6’daki gibi elde edildi.
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Sekil 6. NR Cam sisteminin O-C diyagrami

4. Tartisma ve Sonuclar

Bu ¢alisma kapsaminda NSVS2175434, V783 And, ASAS]J020753+2034.1 ve NR CAM W Uma tipi dort
orten cift yildiz sisteminin fotometrik gézlemleri yapilarak yoriinge donem degisimleri incelendi.
Incelenen kaynaklardan NSVS2175434 sisteminin parlakligi 13.6 kadir ve periyodu ise 0.221 giindiir
[16]. V783 And sistemi ise 13 Kasim 2013 tarihinde SuperWASP (Super Wide Angle Search for
Planets) teleskobu ile kesfedildi ve 0.2090808 giin dénemli EW (W UMa) tiri sistem olarak
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siniflandirildi [17]. Diger bir sistem olan ASAS J020753+2034.1 ise ASAS (All Sky Automated Survey
) ile belirlenmis olup parlaklhigi yaklasik 12.85 (V) kadirdir [18]. Son olarak NR Cam sistemi,
Strohmeier (1958) tarafindan baslangicta 215 Cam olarak adlandirilan yavas degisen bir yildiz
olarak kesfedildi [14, 19]

Bu doért W Uma tipi orten cift yildiz sistemleri ATAS0 teleskopu ile gozlemleri yapilarak dokuz yeni
ortilme 151k egrisi elde edildi. Bu 1s1k egrileri gauss ve polinom fonksiyonlarinin yer aldigi Gauss+Pol
fonksiyonu ile fit edilerek dort kaynaga ait minimum zamanlari elde edildi (Sekil 1, 2, 3 ve 4). Daha
sonra O-C diyagramlarini olusturabilmek i¢in sistemlere ait literatiirdeki minimum zamanlari
arastirildi. NR Cam kaynaginin disindaki diger ti¢ kaynagin literatiirde yeterli minimum zamanina
sahip olmadig1 i¢in O-C diyagrami olusturulamadi. Ancak, bu ¢alisma ile literatiire kazandirilan ii¢
kaynaga ait minimum zamanlari bundan sonra ki O-C ¢alismalar1 i¢in olduk¢a 6nemlidir.

Literatiirde yeterli minimum zamanina sahip olan NR Cam i¢in hesapladigimiz baslangi¢c minimum
zamani ve sistemin yoriinge donemi Tavakkoli vd. (2015) tarafindan verilenler ile uyumludur. Ancak
Sekil 5’de de goriildiigii gibi NR Cam sisteminin O-C diyagraminda net bir degisime rastlanamadi.
Sonraki stiregte yoriinge doneminde degisimin olup olmayacagini daha iyi anlayabilmek i¢in daha
uzun donemli gozlem verilerine ihtiya¢ duyulmaktadir

Tesekkiir

Bu calismada, Atatiirk Universitesi Astrofizik Arastirma ve Uygulama Merkezi (ATASAM) tarafindan
isletilen ATA50 teleskobu ve arkasindaki CCD kamera ile elde edilen veriler kullanilmistir. ATA50
teleskobu Atatiirk Universitesi (P. No. BAP-2010/40), CCD kamera ise Erciyes Universitesi (P. No.
FBA-11-3283) Bilimsel Arastirma Projeleri Koordinatorliigii Birimi (BAP) tarafindan finanse
edilmistir. Gerekli verilerin toplanmasi i¢in gdzlem zamani tahsis eden ATASAM yoénetimi ve
personeline tesekkiir ederiz.

Bu makale, Atatiirk Universitesi Fen Fakiiltesi Astronomi ve Uzay Bilimleri Béliimii lisans
6grencilerinin bitirme tezi kapsaminda yapilmistir. Bu kapsamda desteklerini esirgemeyen bolim
Ogretim Uyelerine tesekkiir ederiz.

Cikar Catismasi
Yazarlar herhangi bir ¢cikar catismasi olmadigini beyan etmektedirler.
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Abstract

Thin films with extensive characteristics and surface morphology are very important in
designing high performance and reliable gas sensors. Therefore, comprehensive study carried
out on ITO transparent conductive oxide resistive based H2 and CO2 gas sensors. As a result,
bottom up prototype gas sensor device fabricated and tested in order to understand those
properties and behaviors that effects on sensitivity. All the thin film deposited employing RF
magnetron sputtering technique investigated by SEM, XRD, EDAX and Absorption methods.
Different oxygen partial pressure introduced as a variable to optimize the surface thin film. Those
synthesized material properties showed reasonable correlation with the sensitivities and
response of ITO devices for reducing H2 and CO2 gases.

Key Words: Gas sensors, CO2 sensor, H2 sensor, RF sputtering, ITO

CCD ve CMOS Sensorlerin Calisma Prensipleri ve Astronomi Alanindaki Yeri

Ozet

Yiiksek perfromansl giivenilir gaz sensorlerinde ince filmlerin detayli karakteritikle ve ytlizey
morfolojileri cok énemlidir. Bu nedenle seffaf iletken oksit iTO diren¢ tabanlh H2 ve CO2 gaz
sensorleri iizerinde kapsaml bir ¢alisma yapilmistir. Sonug¢ olarak, hassasiyete etki eden
ozellikleri ve davranislari anlamak i¢in asagidan yukariya prototip gaz sensor cihazi tiretilmis ve
test edilmistir. RF magnetron piiskiirtme teknigi kullanilarak biriktirilen tiim ince filmler SEM,
XRD, EDAX ve Sogurma yéntemleri ile incelenmistir. Ince filmlerin yiizey yapilarimi optimize
etmek icin, degisken oksijen kismi basinci altinda filmler biiyttiilmiistiir. Sentezlenen bu
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malzemelerin 6zellikleri, H2 ve CO2 gazlarini indirgemek icin ITO tabali gaz sensorii aygitlarinin
duyarliliklar1 ve tepkisi ile kabul edilebilir bir korelasyon gosterdi.
Anahtar Kelimeler: gaz sensoér, H2 sensor, ITO

1. Introduction

The gas sensors are requisite devices in regular life for detection odorless, hazards, toxic or explosive
gases concerning public safety and environmental protection. Consequence of variety of technology
and materials has been experimented to invent and explore best suited qualities of materials for
improving characteristics of the sensors such as sensitivity, selectivity, and calibration stability,
temperature [1,2]. Among those electronic noses, H2 and CO2 sensors started to flourish for their
importance in variety of industries, transportation, environmental and health related fields. For
instance, high pressure hydrogen gas becoming one of the most important alternative energy known
as green energy with zero emission [1]. Thus hydrogen leak detection sensor technology became one
of the priority concerns about reliability, safety, and economic reasons [2]. On the other hand,
measurement and regulation of CO2 gas is required in indoor spacing, agriculture field and bio-
related processes [3]. Even though number of H2 and CO2 sensor exist, those are not sufficient when
considering demand, simplicity and the cost perspective.

The indium tin oxide (ITO) wide optical band gap semiconductor thin films as a sensitive layer for
gas detection investigated which widely applied as transparent conducting electrodes in flat-panel
displays (FPD) [4], solar cells [5], and organic light emitting diodes (OLEDs) [6] due to their process
dependency and highly degenerate electrical conductivity [8], high optical transparency [7]. ITO also
can be considered as doped from In203 materials, known that very common material for gas
detection[8]. Furthermore, ITO thin films with careful control of synthesis conditions can be achieved
relatively low resistivity while maintaining high transparency that enhance the sensitivity of gas
Sensors.

Various growth conditions have an effect of increment in the carrier concentrations contributing to
the widening of the bandgap, which is known as the Burstein- Moss shift. In addition to the carrier
concentration, growth conditions strongly affect the crystallinity, impurity levels and surface
roughness of the grown films. In this work, ITO thin film deposited employing RF-magnetron
sputtering on soda lime glass substrate that method which characterized by high purity, low
substrate temperature, good interfacial adhesion, high thickness uniformity and homogeneity [9].
The effect of 02 partial pressure, on the structural, optical, and sensing properties of the ITO thin film
deposited by RF-magnetron sputtering were successfully investigated. Furthermore, resistive based
simple concept, low cost, repeatable, mass scale gas sensor device based on ITO thin film sensitive
layer gas sensors fabricated. All thin film deposited on interdigitated electrodes (IDE) soda lime glass
substrate operated at room temperature without post heat treatment. Moreover, structural and
surface characterizations carried out by absorption techniques, x-ray diffraction (XRD) and field
emission scanning electron microscope (FESEM). With help of analysis techniques remarkable
transmittance and figure of merit observed. Importantly mechanism analysis were undertaken to
study the correlation between the sensor performance and the materials structure. The gas-sensing
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properties of the thin films were examined exposing the H2 and CO2 gas. The relationships between
02 content and sensor performances were concluded. The influencing characteristics in the
evaluation of the thin film also discussed. The gas sensitivity is explained by a change of the band
bending on the surface of the metal oxides caused by adsorption of gas molecules. It is expected and
proved that these prepared ITO thin films are promising for a H2 and CO2 gases.

2. Experiment

As illustrated in Figure 1, CO2 and H2 ITO sensors were fabricated through microfabrication process
based on radio frequency (RF) magnetron sputtering system derived from 14 cm ITO metal target
with high purity (ITO - 99.99%, 90% In203 and 10% Sn02), in pure Ar and Ar/02 plasma. Indium
tin oxide (ITO) thin films with a thickness of between 500nm-800nm deposited on soda lime glass
(SLG) substrate and IDE patterned SLG substrate by reactive magnetron RF sputtering technique.
The deposition optimized by changing 02 partial pressure that has impact on crystallographic
structure and opto-electrical properties of the films and on sputtering chamber conditions. The
partial pressure of the oxygen in the chamber was varied up to 25% of growth pressures.

Standard cleaning procedure (ultrasonic bath of acetone, isopropyl, methanol and de-ionized water
for 5 min.) followed to remove contaminants prior to deposition of ITO thin film and samples used in
the device. The sensor fabrication was subjected to series of lithography process to fabricate all
prototype sensors. As seen in the right side of the Figure 1, the lithography process was started with
the photo resist coating by spin coating system under 5000 rpm condition for 50s followed by a soft
bake at 110 OC. After exposure of UV light with the mask aligner SUSS Microtech MJB4, developing
step was done for 5 min. The lithography process was finished by the hard bake at 120 0C for 2 min.
All the sensors sensitivity measurement obtained by non-commercially available gas measuring
system.
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The morphology characterization of the samples grown was performed with (FESEM) with Zeiss
Sigma 300. The elemental analysis also was conducted with energy dispersive x-ray (EDX) detector
attached to the FESEM system. The XRD measurements were made 0-26 condition between 10-90-
degree PANalytical Empyrean XRD system.

3. Results and Discussion

From EDX composition analysis in Figure 2 a and the results in tabulated in Figure 2 b show that ITO
film grown with ITO target deposited with pure Ar plasma with no oxygen gas contain zero Sn. This
could be the result of that indium was formally evaporated because of its lower boiling point than Sn
[10]. On the other hand, as the oxygen is included during the growth, the Sn composition appears in
the EDX measurements (figures not shown). The Sn amount in ITO thin film is an important factor to
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Figure 2. a) EDX data for the ITO grown under no oxygen pressure b) EDX element analysis c)-g) FESEM
images of the ITO films of different oxygen partial pressure percentages to the total growth pressure 0%, 2.7%,
11.7%, 13.5%, 16.3%, respectively.
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decrease the resistance of prepared ITO film [11], this no Sn contain sensor has shown the highest
sensitivity. Figure 2 c-g have shown the FESEM images of the ITO thin films grown under different
oxygen partial pressure percentages, 0%, 2.7%, 11.7%, 13.5%, 16.3%, respectively. It is shown that
as the oxygen partial pressure percentage increases, the grain sizes observed in the FESEM images

increase which is maximum for the 11.7% grown ITO film.

Figure 3 shows the XRD pattern of the sputtered ITO grains. The dominant peaks are indexed as (400)
and (441) crystal faces of ITO which confirmed that the gains are polycrystalline. Increasing with the
02 content, the peak intensities belong to the ITO planes are increased as seen in the figure. Table 1
shows the calculated D values from the measured of the XRD data. The D values varies between 27

nm- 77 nm as seen in the table.
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Figure 3. XRD figure of ITO films grown different O2 partial pressures
Table 1. Detail analysis of the XRD measurements
0:%  Thickness (nm) 20 (400) 1% FWHM D 20 (441) 1% FWHM
(400) (400) (nm) (441) (441)
0 333 - - - - - - -
2.7 983 35.8 100 0.13 62.8 51.3 8.61 0.17
11.7 250 35.8 100 0.30 27.8 51.2 82.6 0.20
135 335 35.8 83.9 0.19 56.5 51.2 100 0.16
16.3 825 35.7 100 0.11 76.6 51.1 15.6 0.17
25 402 35.8 100 0.21 394 51.2 29.4 0.23
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Figure 4. CO2 and H2 responses of the ITO sensor grown under 0% oxygen pressure.

Figure 4 shows a representative dynamic curve of the ITO sensor grown with no oxygen gas in the
chamber. The concentration of COz and H: for this test was 400 sccm. The optimal temperature to
detect COz and Hz gases is at 200 °C which is plotted in Figure 4. The optimal working temperature is
relatively lower than that of ITO thin film sensor which reported in other studies [7]. The resistance
change, AR, of the sensors is monitored during sequential or periodic exposures to Hz or CO2. AR/Ro
(sensitivity) is defined as the percent resistance change upon exposure to a gas with a fixed
concentration of hydrogen and is calculated according to AR/Ro = (R = Ro)/Ro where Ro is the
resistance of the sensor exposed to Nz air and R is the maximum resistance after exposure to a gas
containing hydrogen. Consequently, decreasing of the work function is beneficial to the flow of more
electrons, resulted in decreasing of the resistance [12].

Good sensitivity (22%) of ITO sensor that contains no oxygen flow included during the growth could
be related to the surface to volume ratio of nano-grains of the thin film. Table 2 and 3 have shown
the responsivity, response and recovery time for some of the ITO sensors produced in the study.
Recovery times for the CO2 sensors are long. The reason for longer recovery time might be attributed
that it took longer time for CO2 desorbing from the nano-gains. A detail investigation expecting to
carry out in future studies to find COz adsorbing and desorbing by thin film. The fact that ITO nano
grains have very large surface to-volume ratio which means a significant fraction of the atoms of ITO
are surface atoms that can participate in surface reactions. This feature would contribute the
resistance change of the ITO nano-grains, thus enhance the response the sensor and optimal working
temperature. Another reason was related to the nature of the ITO surface, which was easy to react
with Hz because Sn doped material reported good sensitivity for Hz. Table 2 and Table 3 have shown
the performances of the gas sensors characteristics.
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Table 2. Responsivity, Response Time, Recovery time for Hz at 200 0C

Responsivity Response Time(S) Recovery time(s)
((R-Ro)/Ro)*100 (1-1/e) (1/e)

2.7% 25% %0 2.7% 25% %0 2.7% 25% %0
10.9 9.8 22 328 23.6 92.3 36.4 4.4 24.2

Table 3. Responsivity, Response Time, Recovery time for CO2 at 200 °C

Responsivity Response Time(S) Recovery time(s)
((R-Ro)/Ro)*100 (1-1/e) (1/€)

2.7% 25% %0 2.7% 25% %0 2.7% 25% %0
9.2 6.0 4.1 39.8 10.5 68.1 62.1 28.7 105.8

Semiconductor gas sensors are based on the conductivity changes of the semiconductor materials
upon interaction with the target gas molecules. When the H2 molecules were absorbed on the surface
of the ITO nano-grains, electron transfer occurs between ITO and target gases. When the temperature
was increased, the molecules were easier to react and be absorbed on the adsorption sties. However,
desorption process existed at the same time. When the temperature was too high, the desorption
process would become dominating which lowered the absorption of the gas. Consequently, there was
an optimum working temperature for ITO nano-grain based sensor. A systematic investigation
needed to prove further for CO2. Besides the sensor response other parameters such as selectivity,
response time and stability, are also very important. The testing for these parameters is in progress
[13].

The dependence of the resistivity on the oxygen partial pressure is a well-known experimental result
and is explained on the basis of oxygen deficiency in the film (each oxygen vacancy gives rise to two
conduction electrons). Increasing oxygen content of the films by increasing the partial pressure of
oxygen during the growth the samples in air or oxygen should decrease the oxygen vacancies leading
to less conductive films. However, a minimum in the resistivity of the ITO thin films deposited on
glass substrates is reported between 15 and 20% of oxygen partial pressure by a few investigators
indicating an improvement in the crystallinity of the films (mobility of the carriers is dependent on
crystallinity) [14].

4. Conclusion

ITO thin film has been successfully prepared by RF sputtering technique with the goals of
improving sensitivity, simplicity and with RT temperature and without post heat treatment by
enhancing performance of thin film controlling Oz ratio for in Hz and COz sensing. The innovative
sensing platforms demonstrated excellent sensitivity, response and recovery time. Device dependent
sensitivities tested for range of operating temperature between of 30 °C - 200 °C. The distinct surface
morphology and properties of ITO thin film with grain sizes play a key role improving sensitivity of
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these sensors. The present result evidently proves that the methodology that applied to design ITO
sensors could be one of the most promising TCO oxide-based gas sensors.
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Abstract

In this article, information about the properties, working principles and recent developments
of CCD and CMOS sensors used in astronomy are given. Until the development of camera
technology, sky observations were made using photographic plates in telescopes. With the
development of CCD sensors in the 1960s, photographic plates were replaced by powerful
cameras with CCD and CMOS sensors. Even today, all observations made in the optical field are
made with the data taken by placing these cameras in the ocular part of the telescope. It is of
great importance to understand the sensor technology in order to understand the observation
techniques. This article has been prepared to fill this gap.

Key Words: Astronomy, Telescope, Sensor, CCD, CMOS.

CCD ve CMOS Sensérlerin Calisma Prensipleri ve Astronomi Alanindaki Yeri

Ozet

Kamera teknolojisinin gelismesine kadar, teleskoplarda fotograf plakalar: kullanilarak gokytizii
gozlemleri yapilmistir. 1960'larda CCD sensorlerinin gelistirilmesiyle, fotograf plakalarinin
yerini CCD ve CMOS sensorlii giiclii kameralar aldi. Bugiin bile optik alanda yapilan tiim
gozlemler, bu kameralarin teleskoplara monte edilerek alinan verilerle yapilmaktadir. Gozlem
tekniklerini anlamak icin sensor teknolojisini anlamak biiylik 6nem tasimaktadir. Bu makalede
CCD ve CMOS sensorlerin 6zellikleri, calisma prensipleri ve son gelismeler hakkinda bilgi
verilmis ve sensor teknolojisinin astronomide kullanimi incelenmistir.

Anahtar Kelimeler:_ Astronomi, Teleskop, Sensor, CCD, CMOS.

51


https://orcid.org/0000-0002-6562-8566
https://orcid.org/0000-0002-3454-5442
mailto:ahmet.polatoglu@atauni.edu.tr

Polatoglu & Ozkesen, (2022). Journal of Anatolion Physics and Astronomy (JAPA), 2 (1), 51-59

1. Introduction

Photosensitive digital cells are called sensors or optical sensors. CCD and CMOS sensor technology
are used today in camera systems, cameras of mobile phones, digital cameras and many systems that
are sensitive to image creation. As a result of the demand for these systems, sensor technology is
gaining momentum day by day.

The sensors convert the incoming optical image into electronic signals. They consist of light-sensitive
cells called photodiodes on sensors. Photodiodes receive light and convert photons into electrical
signals. The resolution/pixel of the sensor is proportional to the number of photodiodes. For
example, 10 megapixels means 10 million photodiodes. The higher the resolution, the higher the
detail quality. If the sensor is produced in small sizes, the photodiodes will be smaller and accordingly
less light will be received. Thus, it is understood that sensors with high pixels do not always have
high quality. Light sensitivity needs to be increased in order to both use small photodiodes and
improve image quality [1].

It is important in terms of image quality that the sensors used in astronomy are produced in large
sizes. However, due to the widespread use of mobile products and being more
commercial/economical products, small-sized sensors are produced more [2]. Especially silicon
sensor technology is used in the field of astronomy. Due to the need for large focal planes in
astronomy, large CCD sets have been produced. Newly produced CCD and CMOS sensors are designed
with low noise and high measurement accuracy. This feature is also important for obtaining accurate
data in astronomical observations [1,3].

2. Material and Methods

2.1. Fundamentals of Sensor Technology

Sensors are devices or subsystems that detect events/information in their environment and send
them to other electronic devices (processors). The sensors are used compactly with other electronic
devices. In addition to numerous applications, it is also used in everyday objects such as lamps that
darken or brighten when touched. With the development of micro-devices and simple-to-use
microcontrollers, the use of sensors has moved beyond the very general pressure, humidity or flow
measurements. Sensors are generally designed to have little effect on what is being measured.
Reducing the size of the sensor often makes it better and provides convenience. Technological
developments have opened the door to the production of more sensors at microscopic scale with
micro sensors using MEMS technology. Oftentimes, a micro-sensor provides a very fast and short
measurement time and higher precision results compared to large systems. Today, the demand for
fast, economical and reliable information has increased. Thus, the importance of disposable sensors
has increased recently. Using them, important analytical data can be easily obtained by anyone
without any problems [1].

There are two basic types of sensors used in almost all digital camera/measurement systems. One of
them is CCD (Charge Coupled Device) sensor and the other is CMOS (Complementary Metal Oxide
Semiconductor) sensor. CMOS sensors are divided into two main groups as passive pixel sensors and
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active pixel sensors. There is also a type of sensor that can capture three colors in a single pixel [4].
We will discuss on CCD and CMOS in this article.

2.2. CCD (Charge Coupled Device)

CCD (Charge Coupled Device) sensors, which were discovered by Willard Boyle and George Smith in
1969, have been developed with the advancement of technology and have come to the present day.
The working logic of the CCD sensor is to capture the photons coming from the light source. These
captured photons form photoelectrons. The resulting photoelectrons are collected in cells called
photocells. These electrons formed in the cells are counted and stored together with their
coordinates [4].

There are versions of CCD sensors produced and put into use in different ways. One of them, One
Chip-One Shot technology, has three basic color-sensitive filters, RGB (Red-Green-Blue) on the
sensor. In this way, basic color separation is done on the CCD. CCDs produced by this method are
mostly used in entry-level products. It has relatively low costs. In addition to the Two-Chip method
RGB filter, there is also a second sensor for brightness. Another method is One Chip-Three Shot
technology. In this, after the light falling on the sensor is divided into three parts, RGB, it is exposed
with a special filter. Regardless of the technology, CCD sensors are expensive to manufacture, require
more energy than other sensors, and require a large area for use. Therefore, CCD sensors are not
generally preferred in mobile phones. CCD sensors are more preferred in fields such as special
astronomy, as they give relatively higher quality and clear images [5].

2.2.1. Working Principle of CCD

CCDs are based on Metal Oxide Semiconductor (MOS) capacitors technology. Embedded channel
capacitors are used for manufacturing. A thin n-type embedded channel is formed by ion doping on
the surface of a p-type substrate. A silicon dioxide insulator layer is formed over the n-region and
metal or heavily doped polycrystalline silicon gates are placed on top of the CVD (chemical vapor
deposition) insulated SiO:z to fill the capacitor. The main material of CCDs is mostly silicon
semiconductors. These sensors are extremely sensitive to light. Capturing photons from the light
source, a CCD cell performs four tasks: It takes the charge from the cell above the layer, holds the
charge for a while, transfers this charge to the cell below the layer, and produces its own energy. It
charges by reacting to external factors such as light [1].

Rays from the light source form photoelectrons. The resulting photoelectrons are collected in the
cells in photocells. These electrons formed in cells are counted and stored together with their
coordinates. CCD sensors, whose raw material is usually silicon semiconductors, have a light
sensitive structure. They convert light into electronic signals and are sent to image processors for
processing with this sensitivity. The signals processed on the image processor are converted into
digital signals and stored on memory cards [1][4].

The speed, sensitivity, resolution, and cost of a CCD sensor affect its performance. Which CCD type to

choose depends on the areas where the devices will be used. Frame transfer structure is used in
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astronomy because maximum light must be captured. However, the most used in cameras is the
interline transfer structure. The three structures used to apply the value read from the CCD array can
be described as follows:
i. Full Frame: The entire CCD array acts as the active area. Charges pass through vertical CCDs in
parallel and are then removed in series from horizontal CCDs, using a shutter mechanism to
block light from reaching the elements. This process takes a lot of time.
ii. Frame Transfer: Half of the adjacent array area is used for exposure and the remaining half is
opaque. Loads are transferred from the active region to the opaque region in a short time and are
read from there. This operation is faster than full frame reading. However, it has a disadvantage
that it uses twice the silicon area.
iii. Interline Transfer: Each pixel has an active area and an adjacent opaque area. Charges are
quickly transferred from the photosensitive photodiode to the adjacent vertical CCD unit. There
is also the disadvantage of increasing silicon area here. However, with modern developments, it
is possible to increase the quantum efficiency of the array by using micro lenses that direct the

light away from the opaque regions [7]

Frame-Transfer CCD Architecture
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Figure 1. Frame Transfer CCD Architecture [6].

The sensitivity of a CCD device is usually a function of its operating temperature. As the temperature
increases, the leakage light-free current also increases, thus decreasing the sensitivity. In devices
with a CCD sensor, Signal Noise Ratio (SNR) degradation may occur due to photon noise, readout
noise, or a combination of these. CCD arrays are only sensitive to density, not color. Filters are used
to obtain color images. Color images can be obtained using a Bayer filter or a 3CCD and dichroic beam

splitting prism [8].
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Anatomy of a Charge Coupled Device (CCD)
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Figure 2. Anatomy of a CCD [6].

2.3.CMOS (Complementary Metal Oxide Semiconductor)

CMOS sensors were discovered by Frank Wanlass in 1963. Like CCDs, they convert light into
electronic signals. These sensors consist of hundreds of transistors. Each pixel is generated by a
separate transistor. CMOS sensors are widely used. The reason for this is that they have been widely
used in devices other than cameras for years and show a continuous development [10],

With this widespread use, CMOS sensors, which can be produced at affordable prices, are often
preferred especially in entry-level digital cameras. Especially small floor coverings are one of the
most important reasons for this. It is a product frequently encountered in mobile phones, tablets,
compact machines and DSLR devices. In addition, factors such as low energy need and not taking up
much space play an important role in the preference of these sensors [10,11].

2.3.1. Working Principle of CMOS

CMOS sensors, just like CCD sensors, work according to the photoelectric effect system to convert
light into electricity. All CCDs and CMOS sensors perform the same basic tasks: charge generation and
collection (light to charge conversion), measurement and conversion to voltage or current, finally
signal output.

CCD sensors move the photographic charge from pixel to pixel and convert it to voltage at an output
node, as shown in the diagram below; CMOS imagers instantly convert the charge inside each pixel
to voltage. Modern CMOS sensors also contain an amplifier for each pixel. After amplification, the
voltage output of the pixel is transferred over a micro wire at the output of the chip [11].
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2.4. Differnces Between CCD and CMOS

Since CMOS sensors do not take up much space, they are preferred especially in small devices (such
as mobile phones, tablets). CMOS sensors can operate with less energy. This means longer battery
life. Because CMOS sensor technology is used in many devices, it is inexpensive and easy to
manufacture.

CCD sensors generally operate with much lower noise than CMOS sensors. The light sensitivity of
CCDs is much higher than that of the CMOS sensor. Therefore, although CMOS gives successful results
in bright environments, they give worse results in low light conditions than CCD sensors. CCD sensors
produce low noise and high quality images. However, CMOS sensors catch up with the technology
and approach CCD technology in terms of quality [12].

3. The Place of CCD and CMOS Sensors in Astronomy

Image quality and low noise are very important in astronomy, as small arcsecond fields are precisely
observed. The sensors that meet these conditions have always been CCDs. Although CMOS sensors
have been used in astronomy in recent years, CCD use is older and more common.

The use of CCD cameras in astronomy is one of the best detectors we have with current technology,
although the CCD chip is not an optically ideal detector. Therefore, it is a detector mostly used in
telescopes. External factors such as sensor readout noise, thermal noises, and cosmic rays can alter
pixels in the CCD array. So to counter such effects, astronomers take several exposures with the CCD
shutter closed and open so that the CCD-acquired images can be analyzed. The average of images
(Bias) taken with the shutter closed is required to reduce noise. After the Dark Frame average image
is taken, itis subtracted from the light shutter image to clear dark current and other structural defects
(dead pixels, hot pixels, etc.) in the CCD. For these processes, images (Bias, Dark, Flat) specific to each
CCD are calibrated [12].
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3.1. Historical Process and Importance

From the 1900s to the present, there have been great developments in astronomical instruments
with telescopes. Telescopes with larger mirror diameters have been produced. Since there are no
CCD detectors to record the observation data, photographic images are obtained by using
photographic plates (glasses coated with silver halide) placed on the focal plane of the telescope. In
addition, the glass wedge placed in the focal plane of the Telescope is adjusted until the intensity of
the star is equal to the light intensity of a preselected standard star, and the images taken are
calibrated by comparing this glass wedge, and in photographic photometry the brighter the star
image on a plate, the larger the star size. Some instruments such as micrometers and thermocouples
are used with these photographic plates. In addition, the blink microscopes used for comparison
were used to distinguish the differences in the plates by rapidly rotating the plates taken at different
times. Although CCDs came into our lives in the 1970s, these methods were used until the end of the
1900s and CCDs replaced photographic plates in astronomy [13].

CCDs were first produced at Bell Laboratories in the 1970s. The first CCD 1969 Willard Boyle and
George Smith single array 8 pixel detector. Later, in 1973, the Jet Propulsion Laboratory (JPL), NASA
and TI jointly started a large-area CCD development program for Astronomy. The first commercial
CCD device was produced by Fairchild in 1974. In 1974, the Moon was imaged using an 8 inch
Telescope with a Fairchild CCD (100x100 pixels), and this is the first astronomical CCD image. Among
the earliest astronomical applications of a CCD for ground observation were made at the University
of Arizona in 1976 (Smith 1976). The first CCD-based reconnaissance satellite, KH-11 KENNAN, was
launched in 1976. CCD development continued over the years, and in 1979 Radio Corporation of
America (RCA) developed a liquid nitrogen-cooled CCD system [14].

Continuing developments from the 1980s to the present have led to devices with over 100 million
pixels, read noise as low as an electron, quantum efficiency close to 100%, and useful sensitivity close
to X-rays to IR. While CCDs have fallen out of favor with CMOS imagers for commercial imaging
applications, they are still cutting-edge sensors for astronomical imaging due to their size, efficiency
and low noise. Over the years, scientists who make astronomical instruments have developed CCDs
specific to their areas of interest [1,14].

In 1983, CCDs began to replace photographic plates in astronomical telescopes. Kodak produced
CCD-based professional cameras until affordable, high-resolution cameras began to hit the market in
1995 [1].

3.2. Basic Definitions

There are special requirements for astronomical imaging, astronomers have often made special CCD
sensors for their own observing needs. These special requirements are:

Pixel Size: Larger than normal pixels are used in astronomy due to sensors, large full well capacity
and dynamic range.

Dark Current: Exposures taken with the CCD's diaphragm closed. The electron flow resulting from
the heating of the CCD and electronic parts is called black current. The exposure time for Dark is given
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as much as the exposure time of the object to be observed. eg. If we are going to observe the Polaris
star with exposures of 20 seconds, images are taken with an exposure time of 20 seconds for the
dark.

Quantum Efficiency: It is the ratio of the number of photons measured to the number of all incoming
photons. If this value is 1, it means that all incoming photons are captured by the detector, and there
is no such perfect instrument. An instrument with a quantum efficiency of 90% is considered
sensitive.

Bias: It is the exposure taken in zero seconds while the aperture is closed. Returns the electronic
noise value in the CCD [12]. Raw Biased Frames are created with zero light to the camera. Science
frames are created that take zero-second exposures (shortest exposure) in the same grouping mode
(1x1, 2x2). After creating a Master Bias, it can be used until the ambient temperature is too high to
regulate the CCD temperature anymore or a change is made to the electronic path of the system.
Dark: The thermal movements of electrons within the chip produce signals gradually, proportional

to the exposure time, not because they are exposed to optical light, but because these thermal
electrons have a chance to accumulate in each pixel over time. The Dark Frame is made to measure
the "dark current” or thermal signal in the CCD chip so that it can be extracted from the data images.

Flat: Not every pixel in the CCD has the same sensitivity. The middle pixels are brighter and the edges
are dimmer. These are images taken to correct for different distribution. The exposure time is given
as half the saturation level of the pixels. In which filter the object to be observed will be observed, flat
is taken in the same filter [12].

4. New Developments

CCD and CMOS sensors have made great advances in recent years. Low noise ratio, high resolution
and quality images are provided. CMOS sensors, on the other hand, have caught up with CCD sensors
at a better viewing point, although they are made in smaller sizes.

Thinned CMOS sensors have been produced for use in astronomy. Examples of these are TAOS-II
CIS113 sensor, NGSD/LGSD CIS112 sensor, CIS115 sensors. For large space programs, sensor
technologies such as GAIA CCD91, Euclid CCD273, Plato CCD270, Rosetta have been developed.
Studies are also underway on EMCCD and Red Sensitive CCDs [2, 16].

5. Conclusion

What makes a digital camera digital is the image sensor in the camera. That is, an image sensor
converts the light captured by the camera's lens into a digital signal. This digitized light is processed
and stored in the camera's memory as a digital file that you can view on the computer later. Next to
the lens, the image sensor is the key element that ensures quality video. There are two main types of
camera image sensors: CCD and CMOS. Both types of image sensor technologies contain hundreds of
thousands or even millions of pixels. We can think of a pixel as a small bucket that captures light and
converts it into an electrical signal. CCD and CMOS sensors have different advantages, but technology
is evolving rapidly and the situation is constantly changing. Therefore, the best strategy for a camera
manufacturer is to constantly evaluate and test the sensors for each camera. The field of astronomy
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is also an area that can no longer progress without sensor technology. With each passing day, we will
see that more powerful sensors are produced.
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