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Abstract: Human serum paraoxonase 1 (PON1) is a enzyme which inhibits macrophage
cholesterol biosynthesis, metabolizes peroxides of cholesterol esters and reduces cholesterol efflux into
macrophages. Therefore, itisspeculated to play arole inseveral human diseases including diabetes mellitus
and atherosclerosis. In

thisstudy, paraoxonaseenzymewasfirstpurified fromhumanserumwiththree-

phase partitioning method (TPP), also Kinetic, characterization studies, and effects

offerulicacid werecarried out. TPP purification process was performed inthree

stages. Infirststage, PON1 wasexposed to 60-80% ammoniumsulfate precipitation,

inthesecondstage, 1,0:0,5ratioof humanserum/t-butanoland 20%ammonium

sulfate saturation were used. Inthe third stage, the second TPP stage made over the

intermediate, PON1 enzyme was purified from human serum with 49,87% recovery

and 182,66 purification fold using constant ratio of human serum:t-butanol. In

studies of the purified enzyme for kinetic properties, optimum pH, stable pH,

optimumtemperature, stable temperature were determined as 8,1, 7,0,37°C, 20°C,

respectively. Molecular weight of enzyme was found to be 45 kDa from Sodium

Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE). In addition, the

inhibition effects of ferulic acid onthe purified PON1 enzyme were investigated and

Lineweaver Burk plots were obtained.

FERULIK ASIDIN UC FAZLI AYRISTIRMA iLE SAFLASTIRILMIS iNSAN SERUM

PARAOKSONAZ ENZiM UZERINE ETKIiLERIi

Anahtar Kelimeler
Paraoksonaz 1,

Ug fazh ayrigtirma Y ontemi,
Ferulik asit

Ozet: Insan serum paraoksonaz 1 (PON1), makrofaj kolesterol biyosentezini inhibe eden, kolesterol
esterlerinin peroksitlerini metabolize eden ve makrofajlara kolesterol akigini azaltan bir enzimdir. Bu
nedenle, seker hastaligi ve damar sertligi

dahil olmak iizere birgok insan hastaliginda rol oynadigi tahmin edilmektedir. Bu caligmada
paraoksonaz enzimi ilk kez insan serumundan tig fazli ayrigtirma ile

(TPP) saflagtirilmistir, ayrica kinetik karakterizasyon ¢alismalari ve ferulik asidin

etkileri ¢aligilmistir. TPP saflagtirma prosesi, ii¢ asamada gerceklestirilmistir.

Birinci asamada PON1 %60-80 amonyum siilfat ¢okelmesine maruz birakilmis,

ikinciagsamada 1,0:0,5 oramindainsan serumuy/t-biitanol ve %20amonyumsiilfat

doygunlugu kullanilmgtir. Ara {iriin tizerinden yapilan ikinci TPP agamasi olan

tigtincli agamada, PON1 enzimi sabit insan serumu:t-butanol oram kullamlarak

insan serumundan %49,87 geri kazanim ve 182,66 kat saflagtirma ile elde

edilmistir. Saflagtirilan enzimin kinetik ozellikleri igin yapilan ¢alismalarda
optimumpH, stabil pH, optimumsicaklik, stabil sicaklik sirastyla8,1,7,0,37°C,20°C

olarak belirlenmistir. Sodyum Dodesil Siilfat Poliakrilamid Jel Elektroforezinden

(SDS-PAGE) enzimin molekiiler agirligi 45 kDa olarak bulunmustur. Ayrica, ferulik
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asidin saflagtirilmug PON1 enzimi tizerindeki inhibisyon etkileri aragtirilmis ve Lineweaver Burk

grafikleri elde edilmistir.

1. Introduction

Paraoxonase (PON) is a calcium-dependent serum esterase, a
member of the polygene family with PON1, PON2 and PON3,
having both arylesterase (E.C. 3.1.1.2) and paraoxonase
(E.C.3.1.8.1) activity. PON1 has a molecular weight of 43-45
kDa and is circulated bound to HDL [1]. The isoelectric point of
PONL1is5.1.PON1 enzyme has paraoxonase activity that provides
hydrolysis of paraoxon, arylesterase activity that provides
hydrolysis of phenylacetate, and lactonase activity that
provides hydrolysisof lactones [2-4].

It is known that paraoxonase plays an important role in the
prevention of atherosclerosis and drug metabolism in recent
years [5-6]. Paraoxonase has a protective effect against
atherosclerosis by both preventing the oxidation of LDL and
HDL lipids and metabolizing lipid peroxides thanks to its
lactonase activity [7-8]. It has been determined that PON1
enzyme level and activity decrease in cardiovascular diseases,
hypercholesterolemia patients, elderly people, obesity,
menopause, diabetes, Parkinson's disease and kidney failure [9-
11].

Precipitation, chromatographic methods, dialysis and filtration
methods are prominent as enzyme purification methods.
However, these methods include processes with many steps,
loss of time, difficulty in implementation, and loss of high
efficiency. Three-phase partitioning (TPP) is an easy- to-use
method that has come to the fore in recent years for the
purification of proteins. With TPP, it is possible to perform
bioseparation of two or more compounds by single-step
extraction. Taking advantage of the different
physicochemical properties of the three liquid layers, the
separation of these systems with asingle extraction is one of the
benefits of this system. TPP method is a technique that can use
salting out, isoionic precipitation, precipitation with co-
solvent, osmolytic precipitation and cosmotropic
precipitation techniques together. In TPP, t-butanol is used to
precipitate proteins, form triple-phase layers and remove
lipids, phenolic compounds, and some detergents [12-17].

2.1. Materials

Human blood serum was obtained from Atatiirk University
Research Hospital Biochemistry Laboratory, Erzurum,
Turkey. Ammonium sulfate, t- butanol, coomassie Brillant Blue
R-250 and other chemicals, reagents were purchased from
Sigma Chem. Co.

2.2. Determination of paraoxonase

500 uL substrate (1 mM paraoxon), 400 uL buffer (50 mM Tris/HCI
buffer containing 1 mM CaCl2 pH 8.0) and 100 pL purified
enzyme were taken a test tube (molar extinction coefficient ¢:
18,000 M-1 cm-1, pH 8.0).Thereactionwasincubatedat37°Cfor
15min. Then, it was measured spectrophotometrically at

412 nm. Measuring the activity is based on absorbance of
paranitrophenol at as a result of the reaction between paraoxon
and PON1. The enzyme unit of paraoxonase is the quantity of
micromolesof the paraoxon hydrolyzed per min. Pure water was
usedas blank [18-19].

2.3. Protein Concentration

Concentration of protein was determined by Bradford
method using Coomassie brillant blue G- 250 dyeasreagentby
measuring the absorbance at 595 nm at room temperature. 5 mL
Comassie brillant solution and 10 pL purified enzyme were takena
test tube, after vortex and incubation 25 °C for 10 min, it was
measured spectrophotometrically at 595 nm. Pure water was
usedasblank[20].

2.4. Three—Phase Partitioning (TPP)

2.4.1. Effect of t-butanol

TPP experiments were performed by applying various t-
butanol ratios (human blood serum: t- butanol; 1.0:0.5,
1.0:1.0,1.0:1.5, 1.0:2.0) with a

constant ammonium sulfate saturation at 20% (w/v).The
mixturewasmixedinmagneticstirrerfor

30 min at room temperature. Then, it was centrifuged at
5000 rpm for 10 min at +4°C to facilitate the seperation of
phases. Thebottom phase and the interfacial phase were separately
collected and dialyzed against 50 mM Tris/HCI buffer
containing 1 mM CaCI2pH8.0for3hours(Figure1). Each of phases
was analyzed for enzyme activity and protein content. The
experimental conditions at which the highest enzyme activity
observed were selected forthefurtherexperiments[21].

rel. feps bf puriitin of paraoxonase by TPP

2.4.2. Effect of Ammonium Sulfate Saturation The

effects  of different ~ ammonium sulfate
saturations(20,40,60,80%) (w/v)wereperformed at the best
recovery activity crude enzyme:t-butanol
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ratio is obtained first step in TPP. The interfacial phase were
collected and dialyzed against 50 mM Tris/HCI buffer
containinglmM CaCl2pH8.0for3 hours. Each of phases was
analyzed for enzyme activity and protein content. The
experimental conditions at which the highest enzyme
activity observed were selected for the further experiments [21].

2.4.3. Optimization of TPP conditions

For the second step of TPP, the highest activity recovery of
aqueous phase from the first step was used for optimization of
TPP conditions. Selected phase wasn’t dialyzed. t-butanol in
ratio of 1.0:0.5 wasadded, then saturated with differentammonium
sulfate to final concentration of 25, 30, 35, 40, 45, 50%. The
enzyme recovery and protein content of phases were analyzed as
previously mentioned [21].

2.5. SDS-PAGE

Molecular weight of purified paraoxonase (PON1) was
determined by discontinuous SDS-PAGE according to the
method of Laemmli onaBiorad Mini Protean electrophoresis [22].
Electrophoresis was performed at 100 mV-160 mV for 5 hours
in 3% upsetting gel and 10% separating gel. For each lane 40 pL
enzyme was applied. The gel was stained Coomassie Brillant
Blue R-250 for 45 min then destained by 30% methanoland
10%aceticacidfor 2 hours[23].

2.6. Kinetic Studies

In order to determine the optimum pH value of the PON1
enzyme, the enzyme was kept in a water bath at 37°C for 15
minutes in appropriate buffersfor differentpH values (Acetate
buffer (10 mM) for valuesof pH3.0,4.0,5.0; Tris/HCl buffer (10
mM) for

values of pH 6.0, 7.0, 8.0; Glycine buffer (10 mM) was used for
values of pH 9.0, 10.0.), and then its activity was determined
spectrophotometricallyat279nm [24].
TodeterminethestablepHoftheenzyme,usingthe corresponding
buffers given in the above paragraph atvaryingpHvalues(3.0,4.0,
5.0,6.0,7.0,8.0,9.0, 10.0) The prepared samples were stored at
+4°C for 7 days. Samples were prepared using 500 puL of
buffer used for therelevant pHvalueand 500 pL of enzyme. 100
pL of these samples, which were prepared in the same time
zone for each day, was taken and 1.4 mL of substrate was added.
Then, after 15 minutes in a 37°C water bath, spectrophotometric
measurementswere madeat279nm[24].

In order to determine the optimum and stable temperature
value of the enzyme, the prepared samples were kept at
different temperatures(10°C, 20°C, 30°C, 40°C, 50°C, 60°C, 70°C,
80°C, 90°C)for 15

minutes and 1 hour, respectively, and then the activity was
determined at 279 nm. Samples were preparedtocontain 100 uL
ofbuffer+enzymeand

1.4 mL of substrate. Pure water was used as the blank [24].

2.7. In vitro Study for Ferulic Acid

10 mM, 50 mL stock solutions of ferulic acid were prepared.
Samples were prepared Using 50 pL of enzymeand varying
amountsofferulicacid,500uL of 10mMTris/HClbuffer (pH8.0)
containing1mM CaCl2, 300 uL of paraoxane solution dissolved in
2.5 mL acetoneand preparedataconcentrationof 3mM with a final
volume of 1 mL. Spectrophotometric activitywasdeterminedat
412nmusingparaoxane substrate in the samples, which were kept
inawater bathat37°C for 15 minutes.

Based on the measurements taken, %Activity-[I] plots for
ferulicacidwereobtainedand IC50values were calculated using
the curve equations. Inorder to determine the Ki values of these
compounds, 3 different inhibitor concentrations were determined
by using the concentration of the compounds that halved the
purified PON1 enzyme activity. Stock solutions of the related
compounds were prepared at these three different concentrations.
Samples was prepared using 500 uL of 10 mM Tris/HCl buffer (pH
8.0),50uL ofenzyme, varyingvalues(50 uL,90uL,
140uL,190puL,230puL)0f3mMparaoxane, varying amounts of
distilled water and antioxidant compounds (Finalvolumeis1
mL). Afterwards, the sampleswerekeptinawater bathat37°C
for15 minutes and measured spectrophotometrically at 412 nm.
Lineweaver-Burk graphs were drawn for inhibitors with the
obtained data[25].

3. Results and Discussions

3.1. Results of Paraoxonase Enzyme Purification
Steps

Accordingtothevolumeofhumanserumusedinthe purification of
the paraoxonase enzyme, n-butanol was used at the ratios of
1.0:0.5, 1.0:1.0,1.0:1.5, 1.0:2.0. In the activity measurements, the
ratio of n- butanol giving the maximumactivity value (51.89) for
the paraoxonase enzymewas 1.0:0.5asseenin Figure 2.

30 3,5
)5 3

20

Activity Increase (%)
Purification coefficient

1:0.25 1:0.5 1.0:1.0 1.0:1.5 1.0:2.0
Serum: t-butanol Ratio
Figure 2. n-butanol optimizationinPONZ1enzyme
purification studies

In ammonium sulphate optimization studies,
20% ammonium sulphate rate was determined
as the most appropriate rate (Figure 3). The
sample with 20% ammonium sulphate rate was
again subjected to the 2nd ammonium sulphate



S. Cigek / Effects of Ferulic acid on Human Serum Paraoxonase Enzyme Purified by Three Phase Partitioning

optimization. Here, the best activity gain was
obtained at 25% ammonium sulfate saturation
(Figure 4).

50 3,5
3

~40 _—
3 25 8
S o
v . =
g 0 2 %
& (]
g
820 1.5 E
3 k
x 1 8
10 X ’ g
4 ‘ L | | 0,5 £

0 (PR § j Sy A..J Aaad el u 0

20 30 40 50 60 70 80
1. Ammonium Sulfate Saturation (%)

Figure 3. 1. Ammonium sulfate optimization in PON1
enzyme purification studies

160
40

20

Activity Increase (%0)
8
Purification Coefficient

2. Ammonium Sulfate Saturation (%)

Figure 4. 2. Ammonium sulfate optimization in PON1
enzymepurificationstudies

In the purification stages of the paraoxonase enzyme with TPP,
both activity and protein determination weremade. Withthedata
obtained as a result of the measurements, parameters such as
activity, total activity, specific activity, purification coefficient, %
yield were calculated. Calculated parameters of PON1 purified
withTPPweregivenintheTablel.4.

Table 1. Purification and yield profile of human serum
PONL1 purified by TPP

hydroponic interaction chromatography methods [26]. In
enzyme activity measurements made at 60- 80% ammonium
sulfate precipitation, 83,588 U/mL activity, 1,504,58 U total
activity, 0.0783 U/mg specific activity, 45.37% yield and 1.74
purification coefficient were obtained. By hydrophobic
interaction chromatography, 131,404 U/mL activity,

394.21 U total activity, 11.76 U/mg specific activity, 11.89% yield
and 150.19 purification coefficient wereobtained. Accordingto
theresultsobtainedin thisstudy (see as Table 1), the purification
method with the TPP method stands out as an advantage over
othermethods.

3.2. SDS-PAGE
Paraoxonase Enzyme
In the purification studies for the PON1 enzyme from human
serum, values between 43-45 kDa were found in molecular
weight determination [27-30]. The molecular weight of the
PONZ1wasdetermined as40-45kDa[31-32]. Ourdatarelatedto
molecular weight of the PON1 was determined as 45 kDa
(Figure5). Theseresultssupporteachother.

Image of Human Serum

!

L ETT

. X I

I II III

Figure 5. SDS-PAGE image of paraoxonase enzyme purified
by TPP. I. standard protein myosin (200 kDa), B-
galactosidase (125 kDa), bovineserum albumin (BSA) (66
kDa), ovalbumin (45 kDa), carbonic anhydrase (29 kDa),
lysozyme (14.3kDa) Il and 111 purified PON1enzyme45kDa.

3.4. Results of Kinetic Studies
Accordingtothe data obtained, graphs of optimum pH in Figure
6, optimum temperature in Figure 7, stable pH in Figure 8,and
stabletemperature in Figure 9 were given.

25 4

20 A

15 A

10

Activity (EU/mL)

5

R

pH

Volume Total
Steps L Activity(EU/ | Activity
(mL) EUML) %
Serum 50 821,42 411104 -----
A. Sulphate
(%60-80) 15 1216,22 1,82.10¢ 24,42
1.TPP 15 1266,69 1,9.104 46,23
2.TPP 15 1368,63 2,05.10¢ 49,87
Specific Protein (mg -
Steps Activity protein Eun]f]l(_ca_tlg?
(EU/mL) | /mL) oetticie
Serum 0,088 932108 | -----
A. Sulphate
(%60-80) 2,85 427 2,53
1.TPP 7,24 175 3,11
2.TPP 575,8 2,377 182,66

PONL1 enzyme was purified from human serum from 60-80% by
ammonium sulfate precipitation and

Figure 6. Optimum pH graph obtained in PON1 enzyme
purification studies
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According to the data obtained in optimum pH studies, the
highest enzyme activity (19.8%) was obtained at pH 8.1. Ina
study conducted by Kanamori-Kataoka and Seto in 2009, they
measured the activity at pH 8.0 [30]. In the study conducted by
Saym and Ozensoy Giiler (2015), bovine serum paraoxonase
enzyme was purified and the variation of the activity with pH was
investigated [33]. The highest % activity value for bovine
serum paraoxonase enzyme atpH 8.0 wasfound inthis study.
In the study published by Demir et al. (2008), the optimum pH
value of the PON1 enzyme purified from human serum was
expressed as 8.0 [29]. However, in the study conducted by
Askin et al. (2012), it was stated that this enzyme purified from
beefliver hasahighactivity inthe pHrange of 7.0-
7.5andshowsitsmaximumactivityatpH7.1inthis range [34].

10 20 30 27 40 50 60 70 80 90
Temperature (*C7}

Figure 7. Optimumtemperaturegraphobtainedin PON1
enzyme purification studies

Rodrigo et al. (2001) made the highest paraoxonase enzyme
activitymeasurementsatpH8.5and37°C. According to the data
obtained from the optimum temperature studies of the purified
enzyme, the highest activity value was obtained at 37°C with
32.81%. An activity measurement of 31.85% was madeat40°C,
which is close to this value. However, at temperatures below
and above these temperatures, significant decreases were
observed in the % activity value of the enzyme. A decrease in
activity is expected, as the enzyme is prone to denaturation
with temperature due to its protein structure above 40°C [35]. In
the study published by Askin et al. (2012), some kinetic
properties of the paraoxonase enzyme were examined. In this
study, the activity of the PON1 enzyme reached the highest value
withan average absorbance 0f 2,228 at 37°C [34]. These values
are in agreement with the data obtained in our study.

f

= pH 3
=fl=pH 4
—h—pH 5
==é=nH 6
v pH 7

Activity (EU/mL)
=
o

~ {

=@=pH 8
®=pH9

Figure 8. Stable pH graph obtained in PON1 enzyme
purification studies

According to the data obtained in stable pH studies, enzyme
activity decreased for 7 days compared to the first day at all
ambientpHs.Onthe1stdayitwas the pH 7.0 medium that gave
the highest activity (50.94), while on the 7th day it was the
pH 8.0 mediumthatgave the highestactivity (14.79). The pH7.0
medium was accepted as the stable pH value for the purified
paraoxonase enzyme.

35 4

[ I
w (=] w (=]
L PR

Activity (EU/mL)
=
(=]

o wn
' L

10 20 30 40 50 60 70 80 90
Temperature (°C)

Figure 9. Stable temperature graph obtained in PON1
enzyme purification studies

Inthe stable temperature studies carried out for the purifiedenzyme,
a temperature environment of 20°C was accepted as a stable
temperature.

3.3. in vitro Study of Ferulic Acid on Purified
Paraoxonase Enzyme

The graph used to determine the 1C50 values of ferulic acid
wasgivenintheFigure 10.

120

100 v = 96,941 gl700=
R2=10,9925

80
60

% Activity

40

20

0 0,2 0,4 0,6 0,8 1 1,2 14
Inhibitor Concentration (mM)

Figure 10. Effect of ferulic acid on human serum PON1
enzymeactivity

Lineweaver-Burk graphs were drawn to determine the Ki values
and inhibition type of the purified
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human serum PON1 enzyme for ferulic acid substrates
(Figure 11). Ki values and inhibition type were determined for the
substrates by using these graphs [36]. In the calculation of Ki
value, the :

formula [ = (1—;5 was used in competitive

inhibition types, while the formula

Uooo . .
(oot = Ly was used in non-competitive

(

1+u
inhibition types.

0,14 -
0,12 -
0,1 -
0,08 -

é 0,06 - @ Control
0,04 mi
0,025

=7 12

10 7 02 4 5 10 15 @B
0,04 - 1/[8]

0,06 -
0,08 -

Figure 11. Lineweaver-Burk graph of ferulic acid for human
serum PON1 enzyme

ThelC50valueforferulicacidwas0.938 mM, Ki valueswere
0.370,0.770,0.314, Kimeanvaluewas 0.485, inhibition type
was determined as competitive.

Conclusions

Using the TPP method, PON1 enzyme was purified fromhuman
seruminashortertimeandwithhigher efficiency, andtheinhibition
effect of ferulic acid was investigated. The activity recovery of
the enzyme wasfoundtobehigherthanthepurificationstudies of
the PON1 enzyme by some chromatographic methods. The
fact that the purification steps are fast, cheap and can be done in
three steps, especially besides the high activity gain, shows the
potential of this process and has a great advantage for industrial-
scaleenzyme purificationapplications.
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Abstract: In this study, the structural and optical properties of the aluminum doped
F203 thin film were investigated. XRD analyzes and absorption measurements were

Fez203:Al taken before and after annealing of Fe203:Al film grown by FR Magnetron Sputtering
method. The band gap energy ranges of the samples we obtained are about 1.87 eV
before annealing, and XRD peaks were not observed in XRD analyses. As a result of
the annealing of the same Al-doped samples at 560 degrees for 1 hour, the band gap
was measured as approximately 2.18 eV, and at the same time, it was observed that
in the XRD analyzes of the samples, peaks of various intensities occurred, with the
most intense peak at 33.47 degrees.

SACTIRMA TEKNIGi iLE BUYUTULEN Al KATKILI Fe203 iNCE FILMLERI UZERINDE
TAVLAMA SICAKLIGININ ETKIiSi

Anahtar Kelimeler
Magnetron Sa¢tirma
Fe203:Al

Ozet: Bu galismada aliiminyum katkili Fez03 ince filminin yapisal ve optik 6zellikleri
arastirilmistir. RF Magnetron Sactirma (sputter) yontemi ile biiyiitiilen Fe203:Al
filminin tavlanmadan 6nce ve tavlandiktan sonra XRD analizleri ve sogurma 6l¢iileri

alinmistir. Elde ettigimiz numunelerin yasak enerji araliklar1 tavlanmadan 6nce
yaklasik 1.87 eV olup, XRD analizlerinde herhangi bir XRD piki gézlenmemistir. Al
katkilanmis ayni numunelerin, 5600C’de 1 saat tavlanmasi sonucunda yasak enerji
araliklar ise yaklasik 2.18 eV olarak 6lciilmiis ve ayn1 zamanda 5600C’de tavlama
islemine tabi tutulan numunelerin XRD analizlerinde ise en siddetli pik 33.42
derecede olmak lizere cesitli siddetlerde piklerin meydana geldigi gézlenmistir.

1. Giris

Elektronigin temel yapi tasi olan yariiletkenlerin;
yapisal ve optik dzelliklerinin incelenmesi, uygulama
alanlarinda daha iyi sonuglar elde etmek i¢in olduk¢a
gereklidir. Ozellikle yariiletken malzemelerin yapisal
ozellikleri hakkinda olduke¢a fazla bilgi sunan X Isini
Kirinimi (XRD) spektrometresi bu acidan énemlidir.
XRD analizi ile, malzeme yapis1 (kristal/amorf),
kristalin malzemeler icin kalitatif analizi, latis
parametresinin  hesaplanmasi, diizlemler arasi
mesafenin  belirlenmesi, miller  indislerinin

hesaplanmasi, kristal kafes yapisinin belirlenmesi
mimkiindiir. Ayrica ince filmler hakkinda optik
ozellikler acisindan énemli bilgiler sunan ve yasak
enerji araliginin belirlenmesinde sogurma olgiileri
biiylik 6nem arz etmektedir. Bunun yani sira
yariiletken ince filmlerinin tavlanmasi, filmlerin
daha iyi bir kristal yap1 6zelligi gostermesi agisindan
uygulanan yontemlerden birisidir. Yapilan cesitli
¢alismalarda Al katkili Fe203 yapisinin genis bir
uygula alanina sahip oldugu goriilmektedir. Al katkili
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Fe20 3 gaz sensori, cesitli yanicl gazlarin distk
konsantrasyonlarinin tespitinde yiiksek bir gaz
tepkisi ve hizli cevap tepkisi sergilemektedir [1].

2. Materyal ve Yontem

Al katkili Fe203 yapisi ¢esitli biiylitme teknikleri [2-
5] ile literatiirde biiyiik bir ¢alisma alani1 sunmustur,
bu c¢alismalarda Magnetron Sactirma (sputter)
yontemi ile biylitiilen filmler mevcuttur [2]. Sekil
1’de RF Magnetron Sacgtirma (sputter) yontemi ile
ince film biiyiitme teknigi gosterilmistir

®o"=> )| © 11—
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KULLANILAN GAZG, @ ~® FiLM
= © @
@ @ ® ®
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Sekil 1. Supetter (Sactirma) Mekanizmasi
(Inf.umich.edu)

Elde ettigimiz numunelerin yasak enerji araliklar
tavlanmadan 6nce yaklasik 1.87 eV olup (Sekil.4),
XRD analizlerinde herhangi bir XRD piki
gozlenmemistir (Sekil.2). Al katkilanmis aym
numunelerin, 5600C’de 1 saat tavlanmasi sonucunda
yasak enerji araliklar ise yaklasik 2.18 eV olarak
Olclilmiis (Sekil.5) ve aymi zamanda 5600C’de
tavlama islemine tabi tutulan numunelerin XRD
analizlerinde ise en siddetli pik 33.42 derecede
olmak iizere cesitli siddetlerde piklerin meydana
geldigi gozlenmistir (Sekil 3).

—Fe,0 Al (Tavlanmamis)

Siddet (a.u)

T T T T
25 30 35 40 45 50 55 60 65 70

2 Theta (Derece)

Sekil 2. Tavlanmamis Al:Fez03 Yariiletken ince
filmlerinin XRD Analizi

g Fe, 0,:Al (Tavlanmis)]

144 .
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Sekil 3. Tavlanmis Al:Fe203 Yariiletken ince
filmlerinin XRD Analizi
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Sekil 4. Tavlanmamis Fe203:Al Yariiletken ince
filmlerinin Sogurma Grafigi
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Sekil 5. Tavlanmis Fe203:Al Yariiletken ince
filmlerinin Sogurma Grafigi

3. Sonugve Tartisma

Yaptigimiz bu ¢alismada gorildiigi gibi; katkili veya
saf yariiletken ince filmler iizerine 1s1l islemin
(tavlama) etkileri ortaya konulmustur. Tavlama
sonucunda elde edilen XRD analizleri sonucunda
daha ¢ok amorf yapida olan ince filmlerde daha
diizenli kristal bir yap1 olustugu gozlenmistir.
Tavlama islemine tabi tutulan Al katkili Demir Oksit
ince filmlerinin XRD analizlerinde 33.420’de siddetli
pikin meydana geldigi gézlenmistir. Bunun yani sira
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tavlama islemi uygulanmis olan ince filmlerin
sogurma Olcilleri  sonucunda yasak enerji
araliklarinda da bir takim degisiklikler meydana
geldigi gorilmiistiir. Uzerinde ¢ahistigimiz Al katkil
demir oksit (Fe203) yariiletkenlerinin yasak enerji
araliklarinin, tavlama islemi sonrasi yaklasik 1.87
eV’'tan 2.18 eV’'a dogru genisledigi sonucu ortaya
cikmistir.

Cikar catismasi

Yazar, bu makalede rapor edilen c¢alismayl
etkileyebilecek goriinen hicbir rekabet halindeki
finansal cikarlar1 veya kisisel iliskileri olmadigini
beyan eder.

Tesekkiir: Bu calisma 8217 nolu proje ile Bilimsel
Arastirma Projeleri (BAP) tarafindan
desteklenmistir.
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Abstract: Transmission Electron Microscopy (TEM) is used for the simultaneous
determination of micro/nano and crystal structure of inorganic and organic
materials. Devices with lanthanum hexaboride (LaB6) electron gun operating under
accelerating voltage in the range of 40-200 kV are particularly suitable for imaging
biological, polymeric and nano-structured materials in high resolution (HR) or high
contrast (HC) mode. The device can switch from search mode (viewing the on-

screen camera) to high-quality, full-size image capture mode (main camera mode)
with the push of a button, allowing quick snapshots of the selected area. Since the
device can switch from high resolution mode to high contrast mode very quickly, it
is suitable for versatile use and is suitable for examining and analyzing both
materials and various biological samples.

GECIRIMLI ELEKTRON MiKROSKOBU (TEM)

Anahtar Kelimeler
Elektron Mikroskobu,
Gecirimli Elektron
Mikroskobu (TEM),
Inorganik ve organic

Ozet: Gegirimli Elektron Mikroskobu (TEM) inorganik ve organik malzemelerin es
zamanli mikro/nano ve kristal yapisinin belirlenmesinde kullanilmaktadir. Lantan
hekzaboriir (LaB6) elektron tabancali, 40-200 kV araliginda hizlandiric1 voltaj
altinda calisan cihazlar 6zellikle biyolojik, polimerik ve nano yapili malzemelerin
ylksek ¢oziiniirliik (HR) ya da yiiksek kontrast (HC) modunda goriintiilenmesi i¢in

E/IIZLZ;?E ' uygundur. Cihaz tek bir diigmeye basarak arama modundan (search mode) (ekran
kamerasin1 goriintiileyerek) ytiksek kaliteli, tam boyutlu resim ¢ekme moduna
(main camera mode) gecis yapabildigi icin secilen alandan hizli bir bicimde goériintii
alinmasini saglar. Cihaz yiiksek ¢6ziiniirlitk modundan yiiksek kontrast moduna ¢ok
hizli gecis yapabildigi i¢in ¢ok yonlii kullanim i¢in uygundur ve hem materyallerin
hem de ¢esitli biyolojik 6rneklerin incelenip analiz edilmesine uygundur..
1. Giris

Yiiksek voltaj altinda hizlandirilmis elektronlarin bir
numune iizerine gonderilmesiyle, elektronlar ile
numune atomlar: arasinda cesitli etkilesimler olur.
Bu etkilesimler sonucunda numuneden farkh
enerjide elektronlar ve X-isinlart c¢ikar. Bu
etkilesimlerden yararlanilarak numunenin
incelenmesi elektron mikroskobunun ¢alisma
prensibini olusturur. Eger hizlandirilmis elektronlar
ince numune {izerine goénderilmis ise, elektronlarin

11

bir kismi etkilesmeden numunenin diger tarafinda
kirinima ugrayarak numunenin alt yiiziinden disari
¢ikar. Bu tiir elektronlar1 kullanarak numunenin ig
yapisinin incelenmesi gecirimli elektron
mikroskobuyla olur. Bu elektron mikroskobu
Transmission Electron Microscobe (TEM) olarak
adlandirilir [1].

TEM atomik seviyede goriintii, kimyasal analiz
imkam ve kristallografik bilgi olusturdugu icin ¢ok
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cesitli amaclar icin kullanilmaktadir. Kullanilan bu

amaclardan  belli  baghlar1  asagidaki  gibi
siralanmaktadir:

e Faz iceriginin ve fazlarin tane boyutunun
belirlenmesi,

e Mekanik deformasyonun olusup olusmadiginin
belirlenmesi,

e Bir i¢ yapida mikron-alti boyutlar i¢in bir fazin
amorf mu kristal yapida m1 oldugunun bulunmas,

¢ Farkli kristaller arasinda olusan hatalarin seklinin
belirlenmesi.

TEM cihazlarinda nanoparcacik, karbon nanotiip,
nanoplaka, nanofiber, polimer malzemeler,
nanosilinger, bakteriyofaj, polimerik-RNA gibi
numuneler incelenmektedir.

2. Materyal ve Yontem

Gecirimli elektron mikroskobunda (TEM) elektron-
madde etkilesimiyle farkli sinyaller olusmaktadir.
Bunlar; elastik olarak sagillan elektronlarin,
dogrudan gecen elektronlarin, elastik olmadan
sacilan elektronlarin ve karakteristik X-isinlarinin
olusturdugu sinyallerdir. Her bir sinyal farkh
tekniklerde kullanilmaktadir [1]. Sekil 1'de TEM’de

toplanan bu sinyaller ve hangi tekniklerde
kullanildiklar: gosterilmektedir.
Gelen elektronlar
Elektron gegirgen numune

Koherent olmayan
elastik sagilan Kohe
elektronlar

Elastik sagilmayan
elektronlar

EELS
HAADF STEM
EFTEM
Z Netlik
STEM SI

Sekil 1 Elektron-madde etkilesimi sonucu olusan
sinyaller ve kullanildiklar1 teknikler [2].

2.1 TEM Cihazinin Genel Calisma Prensibi

TEM cihazinda elektron kaynagindan ¢ikan elektron
demeti numuneye ¢arpar ve bir kismi numuneden
gecer. Gecen bolim objektif lensler yardimiyla
odaklanilarak goriintii olusturur. Goriintii daha
sonra kolondan asagiya projektor lensine dogru
biiytitiilerek ilerler. Gorlintii en sonunda fosfor
goriintli ekranina yansitilir ve disaridan saglanan bir
151k kaynagi altinda goriintiilenir. TEM cihazinda
gorlintiileme aydinlik alan ve karanlik alan
goriintiileme teknigi olarak iki sekilde olusmaktadir
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Sekil 2 Elektron-madde etkilesimi sonucu olusan
sinyaller ve kullanildiklar1 teknikler [3].

2.1.1 TEM Aydinlik Alan ve Karanlik Alan
Goriintilleme Teknigi

Dogrudan gecen elektronlarin kullanildigi aydinlik
alan (bright field, BF) goriintiileme teknigi ile elastik
olarak sagilan elektronlarin kullanildigi karanlik alan
(dark field, DF) goriintiileme teknigi TEM'de temel
netlik mekanizmalarina karsilik gelir. Sekil 3'de BF
ve DF goriintiileme tekniklerinin ¢alisma prensipleri
sematik olarak gosterilmistir.

(a) Optik eksen
Dogrudan  GOrimtii diler
Colem v Kumuma
s, demet  S,>8, '
[ | Numme
\ \ - Objektif
N >d mercekler
Objektif
Dogrudan gecen gkl
demet Kumuma
ugramus demet
eksen
(b) Opeik eksen

Degrudan Gorenra dusess

S

Sekil 3 (a) BF ve (b) DF goriintiileme tekniklerinin
¢alisma prensipleri [4]. Sagiklik (slit width)

2.1.2 Sec¢ilmis Alan Teknigi

slirece,
agindan

Elektronlarin
duzlemler

dalgaboylari
arast  mesafe

bilindigi
kirinim

==
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hesaplanabilir. Ayrica kristal simetri hakkinda bilgi
edinilebilir. Diger kirinim teknikleriyle cok genis
alanlar taranmirken TEM’deki kirimim teknigi ile
nanometre boyutlarinda inceleme yapilabilir.
Secilmis alan kirinimi (selected area diffraction,
SAD) tekniginde genel olarak kirinim orgileri
belirlenmis bir yapida, istenilen boélgenin kirinim
orgiisi farkl agikliklar yardimi ile elde edilir. Bu
yontem kristal yapiyr ve hatalar1 belirlemede
kullanilir.  Sekil 5’de secilmis alan acgikhigi ile
numunenin farkli boélgelerinden alinmis kirinim
aglariin sekli gosterilmektedir.

Gelen elekuon Gelen elektron Gelen elekron

Kisal A | ks B Keisul A | KB Keisal A | Kisul B

& Atk odak
dozlemi

o — —

N B XA
'..."‘0’ 112‘:1:‘4 19400 ﬂj;;mg; s : ‘e
:o‘o“. X NN ‘e
.o‘oqo. XXX .’0..
o\v" 00000 ’0..
oo 10000 Uve

Sekil 5 SAD aciklig1 ile numunenin farkl yerlerinden
alinin kirinim aglari [5].

3. Sonug¢ve Tartisma
Gegirimli Elektron Mikroskobu (TEM) inorganik ve

organik malzemelerin es zamanli mikro/nano ve
kristal yapisinin belirlenmesinde kullaniimaktadir.
Yiksek
mikroskobu

¢OzUnarlukli gecirimli elektron
(high

electron microscopy, HRTEM) ise yapisal hatalarin,

resolution  transmisssion

sinirlarinin
Atom
dizilimleri dogrudan goruntilenebilir. Sekil 6 ve
7'de TEM ve HRTEM ile alinmis 6rnek gorinti
gosterilmektedir [6].

ara ylzeylerin ve tane

gorintilenmesinde  kullaniimaktadir.
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Sekil 6 (a-c) GaAs/AlGaAs kuantum kuyulu
yapilarin TEM goriintiisi. (b-d) HRTEM

Sekil 7 (a-c) Au nanopartikiillerin TEM goriintiisii.
(b) HRTEM. (c)SAED

Gecirimli Elektron Mikroskobu (TEM) kiictik
boyuttaki goriintiileri elde etmek i¢in 151k yerine
elektron demetini kullanan bir mikroskoptur. TEM
cihaziyla;

eNanomalzemeler i¢in boyut belirleme,

eYliksek ¢oziintirliikte goriintii elde etme ve es
zamanli goriintii kaydetme,

eElementel haritalama,

+STEM modu araciligiyla uygun numunelerde
karanlik alan gorintiillemesi yapilabilmektedir

Cikar catigsmasi

Yazar, bu makalede rapor edilen calismayl
etkileyebilecek goriinen hicbir rekabet halindeki
finansal cikarlarn veya kisisel iliskileri olmadiginm
beyan eder.
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Abstract: The discovery of Raman scattering was made by Krishna and Raman
in 1928 and attracted thousands of people [1]. Until about 1986, the Raman
literature was dominated by physical and structural studies. There were few reports
of Raman spectroscopy applied to chemical analysis. The application of Raman
spectroscopy for "real world" chemical analysis has been blocked by both
fundamental and technical issues, including poor intensity, fluorescence
interference, and inefficient light collection and detection. Prospects for routine
chemical analysis took a big turn towards a better start in 1986 with the
introduction of the Fourier transform (FT)-Raman, charge-coupled devices, small
computers, and near-infrared lasers. These developments overcame major hurdles
and resulted in a Raman renaissance in the context of chemical analysis.

RAMAN SPEKTROSKOPISI VE UYGULAMA ALANLARI

Anahtar Kelimeler
Raman Spektroskopisi,

Ozet: Raman sagilmasinin Kesfi 1928 yilinda Krishna ve Raman tarafindan
yapildi ve binlerce kisinin ilgi odagi oldu [1]. Yaklasik 1986 yilina kadar, Raman

E;sg};llzma Alanlary, literatiiriine fiziksel ve yapisal arastirmalar hakimdi. Kimyasal analize uygulanan
Spektroskopik Analiz Raman spektroskopisine ait az rapor vardi. “Gergek diinya” kimyasal analizi i¢in
Raman spektroskopisinin uygulanmasi, zayif yogunluk, floresan girisimi ve verimsiz
151k toplama ve algilama dahil olmak iizere hem temel hem de teknik sorunlar
tarafindan engellendi. Rutin kimyasal analiz icin beklentiler, 1986'da Fourier
dontsimii (FT)-Raman, sarj baglantili cihazlar, kiiciik bilgisayarlar ve yakin
kizil6tesi lazerlerin piyasaya siiriilmesiyle daha iyi bir baslangi¢ i¢in biiylik bir
donts aldi. Bu gelismeler biiylik engellerin iistesinden geldi ve kimyasal analiz
baglaminda bir Raman ronesansi ile sonuglandi.
1. Giris
Molekiillerdeki titresimleri tespit etmek icin dayanir. Raman Spektroskopisi, kimyasal yap, faz ve

kullanilan ana

spektroskopiler, kizilotesi polimorfi, kristallik ve molekiiler etkilesimler
Absorpsiyon ve Raman

sacilmas1 slireglerine hakkinda ayrintili bilgi saglayan tahribatsiz bir
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kimyasal analiz teknigidir. Isigin bir malzeme
icindeki kimyasal baglarla etkilesimine dayanir [2].
Raman, bir molekilin yiiksek yogunluklu lazer 15181
kaynagindan gelen 15181 dagittigr bir 151k sagilim
teknigidir. Sacilan 15181n ¢ogu lazer kaynagiyla ayni
dalga boyunda (veya renkte) olup yararh bilgiler
saglamaz - buna Rayleigh Sa¢ilimi adi verilir.
Bununla birlikte, analitin kimyasal yapisina bagh
olarak farkli dalga boylarinda (veya renklerde) az
miktarda 1s1k (tipik olarak %0.0000001) sagilir -
buna Raman Sa¢ilimi adi Bir Raman
spektrumu, sa¢ilan 15181n yogunlugunu ve dalga boyu
konumunu gosteren bir dizi tepe noktasi icerir. Her
tepe noktasi, C-C, C=C, N-O, C-H vb. gibi bireysel
baglar ve benzen halkasi solunum modu, polimer
zincir titresimleri, kafes modlar1 vb. gibi bag gruplari
dahil olmak tzere belirli bir molekiiler bag
titresimine karsilik gelir [2].

verilir.

2. Materyal ve Yontem

Raman spektroskopisi ayni zamanda es odakli bir

sekilde mikroskopla birlestirilecek yluzey
haritalamasinda da etkin bir sekilde
kullanilmaktadir. Sekil 1. bir konfokal Raman

mikroskopisini gostermektedir [3]. Son yillarda
ozellikle bu haritalama 6zelligi ile Raman
Spektroskopisi bircok biyoteknolojik alanda sik¢a
ihtiya¢ duyulan bir teknik olmustur. Bu anlamda
cesitli ylizeyde
yerlestiklerinin, ila¢ tedavisinde kullanilan ilacin
yaylldiginin takip edilmesi,
kansersiz hiicrelerin belirlenmesi

malzemelerin nerelerde
kanserli ve
gibi bircok
uygulama alanlarinda bilgi

nasil

molekiiler biyoloji
edinilebilmektedir.

Eye piece or camera

Spectrometer

m—Observation blocked

Pinhole
aperture

1 pumnan
Gratingturret-

Motch filter

Laser
Neutral
Density
Filter

Shutter

sample stage

Sekil 1. Konfokal Raman mikroskobunun standart
konfigiirasyonu [3].

16

Bu teknikte lazer 1sin1, geleneksel Raman
spektroskopisi ile elde edilenden ¢ok daha iyi bir
¢oziliniirlik saglamak icin bir mikroskop lensi ile
hiicreye odaklanir [4]. Raman spektrometresini bir
kameraya, genellikle bir sarjli-bagli cihaza (CCD)
baglayarak, konfokal Raman spektroskopisi, Raman
spektrumlarini toplamanin yani sira, hiicre igi
bilesenlerin  gorsellestirilmesine izin vererek,
numuneleri goriintileyebilir veya haritalayabilir [5].
Genis alanli Raman goriintiilleme, tim numuneyi bir
lazerle aydinlatan dogrudan bir yaklasimdir ve
belirli bir dalga sayis1 araligini 6l¢mek icin dar banth
bir filtre kullanilir. Raman haritalama, hicre
calismalarinda daha yaygin olarak kullanilir ve
geleneksel olarak, bir konfokal lazer noktasinin
raster taramasini ve spektrometre CCD'ye
dagildiktan sonra numunenin her yerinde sirayla
tim Raman spektrumlarinin toplanmasini igerir
[6,7]. Bir Raman haritasi, her pikselde belirli bir
dalga boyunda Raman spektrumlarinin nispi
yogunluguna gore golgelenmis sahte renkli bir
gorlinti  iiretmek icin  hesaplamali  olarak
olusturulabilir [8].

3. Sonug ve Tartisma

Raman spektroskopisinin en o6nemli potansiyel
uygulamalarindan biri teshisinde
kullanilmasidir. Bir¢ok hastalik, hiicrelerdeki temel
biyokimyasal degisikliklerden kaynaklanir ve Raman
spektroskopisi bu ince degisiklikleri, bazen yiiksek
bir hassasiyetle tespit edebildigi icin, teshisteki
potansiyeli géz ard1 edilemez. Raman spektroskopisi,
aterosklerozdan osteoartrite kadar bir dizi farkl
hastaligin teshisinde potansiyel olarak kullanilabilir,
ancak ozellikle kanser arastirmalarinda 6énemli bir

hastaliklarin

role sahiptir [9-11]. Sabit hiicrelerde oldugu gibi,
Raman spektroskopisi, normal ve neoplastik canl
hiicreler arasindaki farkliliklar esas olarak Raman
spektrumlariyla icin  kullanilmistir
[12,13]. Bir¢ok kanser hiicresi, genellikle ayni
fenotipteki

incelemek

normal  hiicrelerde  bulunmayan
proteinleri eksprese eder ve bu proteinlerin tespiti,
hastaligin teshisine yardimci olabilir. Chan ve ark.
sabit ve sabitlenmemis hiicreler arasindaki DNA,
RNA, protein ve lipid titresimleriyle iliskili bantlarin
yogunlugunda degisiklikler bildirmis, metanol
fiksasyonu  paraformaldehitten daha  biiylk
degisiklikler gostermistir [14].
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Sekil 2. Es odakli Raman mikroskopi diizenegi ile
alinmis karbon nanotiip hiicre etkilesimi [15].

Genel olarak, bu calismalar kanser teshisinde Raman
spektroskopisinin potansiyelini goéstermektedir.
Mevcut teshis teknikleri, Raman spektroskopisinin
yapabildigi sekilde bir numune hakkinda dogru
biyokimyasal bilgi vermez ve genellikle yanlis
yorumlanabilecek gorsel farkliliklar1 incelemeye
dayanir. Bu nedenle daha dogru teknikler
gelistirmeye ihtiyag vardir ve Raman
spektroskopisinin uygulanabilir, etiketsiz ve invaziv
olmayan bir alternatif olabilecegine dair kanitlar
mevcuttur.

4. Sonug

Ozetlemek gerekirse, Raman spektroskopisi, bir
numunenin kimyasal yapisini karakterize etmek icin
molekiiler titresimleri tespit eden spektroskopik bir
tekniktir.
yapamayacagl sekilde normal fizyolojik kosullar
invazif olmayan,
gozlemlenmesine ve goriintiilenmesine izin verdigi
icin  biyoloji ile ozellikle ilgilidir. Raman
gorintiileme, o6zellikle canli hiicre goriintiilemede

Mevcut goriintiileme tekniklerinin

altinda hiicrelerin etiketsiz

gelisen bir tekniktir ve daha 6nce de gosterdigimiz
gibi, bir dizi farkli biyomedikal alanda potansiyel
uygulama olarak goriinmektedir.

Cikar catismasi

Yazar, bu makalede rapor edilen calismayl
etkileyebilecek goriinen hicbir rekabet halindeki
finansal cikarlar1 veya kisisel iligkileri olmadigini

beyan eder.
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Abstract: Semiconductors that form the basis of electronics; examination of its
electrical, optical, magnetic, etc. properties in a wide range is thought to accelerate
technological development and progress. X-Ray Diffraction (XRD) spectrometry,
which provides a lot of information about the structural properties of
semiconductor materials, is especially important in this respect. With XRD analysis,
properties such as material structure (crystalline/amorphous), qualitative analysis
for crystalline materials, calculation of lattice parameter, determination of
interplanetary distance, calculation of miller indices, determination of crystal lattice
structure can be determined. In this study, Fez203 structure has been investigated,
which attracts great attention due to its application potential such as field effect
transistors, solar cells, UV photodetectors and gas sensors. The Fe203 structure with
an average crystal size of 8.6 nm and a preferential crystal orientation (311) grown
by RF magnetron sputtering method was investigated by XRD technique.

Fe203 BILESIGININ YAPISAL OZELLIiKLERININ BELIRLENMESI

Anahtar Kelimeler

Ozet: Elektronigin temel yapi tasi olan yariiletkenlerin; elektriksel, optik, manyetik

Fe203 vb Ozelliklerinin oldukga genis bir yelpazede incelenmesi teknolojik gelismeyi ve
XRD ) ilerlemeyi hizlandirdigi diisiiniilmektedir. Ozellikle yariiletken malzemelerin
E??sl'f;llﬁ;zlslz yapisal ozellikleri hakkinda olduk¢a fazla bilgi sunan X Isin1 Kirinimi (XRD)
spektrometresi bu agidan 6nemlidir. XRD analiz ile, malzeme yapisi (kristal/amorf),
kristalin malzemeler icin kalitatif analiz, latis parametresinin hesaplanmasi,
diizlemler aras1 mesafenin belirlenmesi, miller indislerinin hesaplanmasi, kristal
kafes yapisinin belirlenmesi gibi 6zellikler belirlenebilir. Bu ¢alismada alan etkili
transistorler, giines pilleri, UV fotodedektorler ve gaz sensorleri gibi uygulama
potansiyeli nedeniyle biiyiik ilgi gérmekte olan Fe:03 yapisi arastirilmistir. RF
magnetron sactirma yontemi ile biiyiitiilen (311) tercihli kristal yonelimine sahip,
ortalama kristal biiyiikliigii 8,6 nm olan Fe203 yapis1 XRD teknigi ile incelenmistir.
1. Giris
Glinimiiz  teknolojisi ile  neredeyse  tiim spektrometresinde, malzemeye gonderdigimiz X
malzemelerin (iletken, yariiletken ve yalitkan vb.) 1sinin - dalga boyu, incelendigimiz malzemenin
elektriksel, optik, manyetik 6zelliklerinin yani sira atomlar arasi mesafe de ayni mertebede oldugundan
yapisal, morfolojik ve topografik tim o6zelliklerini dolay1 kirmim sarti saglanmis olup, malzemenin
inceleyebilmekteyiz. Istm Kirinimi  (XRD) kristal yapis1 hakkinda bilgi elde edebilmemizi
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saglamaktadir. Bu tahribatsiz analiz yontemi
malzeme bilimi, jeoloji, fizik, kimya, biyoloji gibi
temel bilimler, nanoteknoloji, biyoteknoloji gibi
sayisiz  degisik alanda yaygin bir sekilde
kullanilmaktadir [1-3].

Sogurma ve yansima Spektroskopisi, incelenecek
malzemeye gonderilen 151k madde ile etkilesmekte
ve dedektdr tarafindan elde edilen veriler ile
malzemenin optik 6zellikleri, band aralig1 hakkindan
bilgi elde edilmektedir.

Taramali Elektron Mikroskobu (SEM) incelenecek
malzeme hakkinda yapisal ve morfolojik bilgiler
sunmaktadir. Bu arada inceleme icin 151k degil daha
kisa dalga boylu olan elektronlar kullanilmaktadir
[2-5].

Atomik Kuvvet Mikroskobu (AFM), incelenecek
malzemenin topografik ozellikleri hakkinda bilgi
vermekte olup, inceleme sirasinda mekanik anlanma
bir temas mevcut olmaktadir [6-7].

Bu cihazlara ek olarak inceleme sirasinda, Gegirimli
Elektron Mikroskobu, Raman Spektroskopisi, Enerji
Ayirimli X-Isinlart Floresans Spektrometresi (WD-
XRF), Fotoliiminesans spektrometresi (PL), Fourier
Dontistimlu Kizilotesi (FTIR) Spektroskopisi gibi cok
sayida cihaz kullanilmaktadir.

Gecis metal oksit bilesikleri yaygin olarak bir¢ok
teknolojik uygulama alaninda kullanilmaktadir. Son
yillarda bu metal oksit tabanl yariiletken aygitlarin
oneminin artmasi bilimsel ¢alismalar1 bu yo6ne
yoOneltmis olup yapilan ¢alisma bu arastirma alanina
katki saglamaktir.

Yapilan bir¢ok calismada Fez203 yapisi hakkinda
kapsamli ¢alismalar mevcuttur bunlarin bazilari,
Fe;0s  yapisinin  toz nanopartikil seklinde
sentezlemesi [8], Fez03 filminin farkli morfolojik
yapilarin incelenmesi ve  ayrintili SEM goriinti
analizi [9-10], Fe20s yapisimin farkh fazlarin
incelenmesi ayrica XRD, FTIR, TEM, XPS ayrintili
yapisal karakterizasyon [11-12] seklinde
¢alismalardir. Bu calismada XRD ile, Fe203 bilesiginin
yapisi (kristal/amorf), kristalin latis parametresini,
diizlemler arasi mesafesi, miller indisleri, kristal
kafes sabitleri belirlenecektir.

2. Materyal ve Yontem

X-1s5im1 - kirinimi  6lgiimleri ile, kristalin yapisal
ozellikleri hakkinda bilgi sahibi olmak, Fe203
bilesiginin yapis1 (kristal/amorf), kristalin latis
parametresini, diizlemler arasi mesafesi, miller
indisleri, kristal kafes sabitleri, bulunmustur. Fe203
ince filmlerin yapisal analizi i¢in D-2 Phaser Bruker
(CuKa = 1.5406 A°) markali X-151n1 Kirinimi (XRD)
Ol¢lim cihaz kullanilmistir. RF Magnetron Sigratma
teknigi ile demir oksit yariiletken ince filmlerini
biiytitiilmiistiir, elde edilen filmlerin yapisal
ozelliklerinin belirlenmesi icin X-Isin1 kirinimi (XRD)
6lciimleri alinmistir.

RF magnetron sagtirma yonteminde biiylime plazma
ortaminda gerceklestirilmektedir. Plazma
yonlendiricinin yani uygulan giic, islevi ise plazmay1
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bir alana yogunlastirip, plazmanin dogrultu seklinde
alttas lizerine homojen olarak gitmesini saglamaktir.
Miknatislar materyali iyonize ederek malzemenin
plazma formuna gecmesini saglarlar. istenilen
malzeme alttas tizerine yoénlendirilerek orada
yogunlasmasi saglanir ve ince film olusturulur. Sekil
1’de RF Magnetron Sigratma teknigi ile biiytitiillen
demir oksit yariiletken ince filmin XRD kirinim
deseni  verilmis olup degerlendirmeler ve
hesaplamalar bu veriler lizerinden yapilmistir.

3000 +

2000

Counts(a.u)

1000

20 30 40 50 60 70
2Theta(Derece)

Sekil 1. RF Magnetron Sigratma teknigi ile
biiyiitilen demir oksit yariiletken ince filmin XRD
kirinim deseni

Tablo 1. Fe20s3 ince filmlerinin bazi yapisal
parametrelerin literatiir verileri (Reference Co
de:00-004-0755)

nensty[%]

Y et ra hemie, sfp, 00-00¢

SR I P .‘|“. L.

ki £l 0 50 & 0 80 %0
Pasiton [*2Theta]

Pik Listesi
Fristal Sistermi Eibik
Ay %35 Mo b & | d[A] ITetalded] 1[%]
b (A 533 L2 3 0 395 3027 340
c (&) 835 11 352 3539 100,0
Alfa (7): %0 4 0 0 3208 4347 240
Beta () o0 4 3 1 1 16l 5716 330
Gama(™): o0 2 4 4 0 148 6272 53,0

Tablo 1'de Fez20s3 ince filmlerinin bazi yapisal
parametrelerinin literatiir verileri sunulmustur.

Bu verilerin deneysel veriler ile uyumlu oldugu
goriilmektedir.

Numunelerimizin her birinin tanecik boyutunu
hesaplamak i¢in Scherrer formiili kullamlmistir
[13].

D=KA/BCos6 (1)



S. Saritas / Fe,0s Bilesiginin Yapisal Ozelliklerinin Belirlenmesi

Bu ifade de D kristalin tanecik boyutu, § pikin yari
yukseklik tam genisligi, 6 Bragg'in kirim agis1 A
kullanilan X -151n1 dalga boyu ve K = 0,9 kullanilan

sabit olarak verilmektedir. Bu formiilden
yararlanarak, numunelerimizin yapisal
parametreleri hesaplanmis ve bunlar Tablo 2’de
verilmistir.

Tablo 2. Cam alt tas lizerine biiyiitilen Fe203 ince
filmlerinin baz1 yapisal parametreleri

Yan ) Kristal
Uygulanan | yiikseklik | Miller tanecik
- indisi
biiyiitme tam Gézlenen | boyutu
sicakligy genisligi (hkl) 20 ()
(FWHM) (B)(nm)
1,54 (220) 30,12 5,34
0,74 (311) 35,62 11,25
450 1,22 (400) 4348 7,01
0,90 (511) 57,58 10,07
0,98 400y | 62,58 9,48

3. Sonug ve Tartisma

Cam alt tas iizerine biiyiitiilen Fe203 ince filmlerinin
kiibik kristal yapisi, kristalin latis parametresini a
(A):8,35, b (A):8,35, ¢ (A):8,35, alpha 90°, beta 90°,
gamma 90° oldugu ve FWHM, kristal tanecik
biiyiikliigl, miller indislerinin (hkl) degerleri Tablo
2 verilmistir. Biyttiilen Fez203 ince filmlerin (311)
tercihli kristal yonelimine sahip, ortalama kristal
biiytikligi 8,6 nm olan maghemit yapisi oldugu
gorilmiistiir. Bu veriler dogrultusun yapinin kristal
o6zellikleri 6l¢iim sonucunda bulunmus olup literatiir
ile uyumludur.

Cikar catismasi

Yazar, bu makalede rapor edilen calismay:
etkileyebilecek goriinen hicbir rekabet halindeki
finansal cikarlar1 veya kisisel iligkileri olmadigini
beyan eder.
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