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In this thesis,spinelferrite nanoparticles (NRyereproducedased on thaydrothermal
synthesis methods with the help of the surface active agent
cetyltrimethylammoniumbromide (CTAB) and ethylenediaminetetraacetic acid (EDTA)
The structuralcharacterization athe spinelferrite samplegroducedwas performed by
using ScanningElectron Microscopy (SEM),X-Ray Diffraction (XRD) and Fourier
Transform Infrared (FTIR) Spectroscopy technique$he Electron Spin Resonance
(ESR) and Vibrating Sample Magnetometer (VSM) metheeieused to investigatie
magnetigroperties othesamplesin addition,the microwave absorptianeasurements
of the samplesvere investigatedy using fredspace method witlvector Network
Analyzer (VNA) equipment g-factors of someof the samplesvere observedo have
numerical valuesmaller than 2,0023193.he emperature evolution of the hysteresis
loops andthe magnetizatiorf o rFeQJ spinel ferrites weralso studied.Some of the
samples exhibited therassover properties in the hysteresis loopsThis crossover
propertycan ke attributed tdiigher magnetocrystalline anisotropfythe certain samples
under positive externalfield. The samples havinarger magnetic anisotropshowed

microwave absorption behaviour at higher frequency witter bandwidth

Keywords:Electronspin resonance, magnetic nanoparticles, spargtes,g-value, magnetic properties,
microwaveabsorption
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GKRKK
Son yeéllarda, akéell e nanopar-acéklar teme
odaj e haline gel mi kKt iyyg¢ k sNeakn otpeak n alca@jki ,a rta&|
gi bi geni K p otaal nasnilyaerlé ndwagu ldaontaa y & -evremi
ol muktur . Nanopar-aceéekl ar -0k k¢-yeki yapeéel
uygul amal ar I -1 n anaBtidn nldi§fi kgl ibme nlaaloi ®
malzemelerin sentezi ve karakterizasyon¢, zer i ne i | gi -ok hezl e

kapsaml é& arakteérmal ar yapél maktadeéer (Ozin,
ve Yal -én, 2010; Yal;Kaathivd., 204T2;mb¥ealz- é&d . v, d .2,
Kumar vd., 2015 Bu t ¢r ° In-aenkol i mal zemel er mi kr o
par - ac ddhdaarachdmj | eder (Deardol f verouhgghnson,
1993; Esmer, 1999; Bhimani ve Wilson, 1997; Meshram, 2000; Chung, 2001; Kamiyama

vd.,200 2; Sanchez, 2005; Lian vd., 2007; Ye
-evresel etkiler, biyol oji k, kataliz°rl er
Young, 1993; Chung, 2001; Kamiyama vd., 2002; Sanchez, 2005), manyetik rezonans

gomt ¢l emeYoluhyung 199 3 Chung, 2001) , manyet
vd., 2007), manyeti k sojutucu (Deardol f ve
(Berkowitz vd., 1982) ve par-acék dol gul u

Nanopar-acéek uygul amal aré ©°zellikle biyon
spintronik, yont r oni k, Il a- daj ét ém, end¢veg riyel
el ektroni k gibi al anl aragRawatdvd., K00ZRamkenxkd, é r ( R
2008; Sunkara ve Misra, 2008; Bayrakdar , =z
Panda ve Nath, 2013; Aeniti vd., 2014; Ravi vd., 2014.iying vd., 2015;Agiotis vd.,

2016;Munjal vd., 2016 . Nanoboyuta getirilen rimml zemel
kal écé mékvemukalvammahéni nin artmaseé gi bi F
ol duk-a farkl é& yapeéesal, maektedr (Hadipanayes, el e k t

1999; Cantorvd.,2000Nano boyuta i ndirgenenklephlk-acék.l
mal zemeye thlarce my oz ey € n e ldre arzeder.iAlyeg é cfaa,r k |
nanopar-aceéekl ar én yézeylerinde bul unan k

°czelli klerini b¢yeéek °1 -¢de etkiledifji gor ¢



Bu tez -amékimais éyefe mgilt @®r ant nanopar-aceéekl ar
yennmanyeti k ©°zellikleri ve gel ecdlenvyat ed
cazip olarak kabul edilirTemel bilim, elektronik, optik, elektrik, manyetik, katalitik ve
téebbi °yemdetnakéyan ferrit nanopar-acékl ar a
al anl aré her geRaavdg200b; Rarea vd., ROG6e Gubbala ie Misra,

2006; Rana vd., 2007; Rawat vd., 2B0Zhang ve Misra, 2007; Zhang vd., 2007;
Venkatasubramanmavd., 2008 Lan vd., 2011Hashim vd., 2013Bayrakdar vd., 2014;
Elshahawya vd., 201Rinkevich vd., 2016Yadav vd. 2015; Yadavvd.201§ . Ayr éc a

ferrit mal zemel er yé¢ksek verimlilik, d¢ K
nedenl er |l eni kgrogmd mxche end¢strisi, uydu il eti
sens°°rl er, el ektrgmapgpnetl emepar manykbéenhke,so
kayéet ve manyeti k yazécé gibi ol duk-a gen

(Yung-Young, 1993 Mes hr am, 2000; S 8§ nlenhwel.z 2012;2 0 0 5 ;
Sutradharvd., 201%hmad vd., 2016; Darvd., 2006, Bu - al ékmal ar dojr
nanopar-aceéekl ar m¢ ke mme | el ektri ksel vV e

el ektroni k saktaygdede kull anél ma

Nanopar -aceéeklar tek domen °zel ltekndlopsme sahi p
alt yapé Aglriektaurferrlrarnr. nanopar-acéeklar, -ol
alan ile kolay toplanabil meklea i bajel a&n ayloimo
gi bi sahip olduklare ©°zellikler sebebiyle
kKulllp@nkei yomedi k al uygul amal a$ &me rgpea ri aknmaensyi el
nanopar-acéklar il a- trangsfrermrrintden&mudp am-e:
uygun «kartlarda kan gi bi sévélar i-inde hi
uygul amal ar é (Rashdan wdnazRli3gadoe rvd., 2014;0kada and
Matsumoto, 2015Falcaroa vd., 20361oque vd., 2016

Ferrit nanopar - ac deknheg deneyselsve teodrik olarak karakterizasyonu
askeri, teb, el ektroni k ve mi°nreondea | sgaah ispotj
Nano °| -ekli ferritler teknolojide elektr.i
° nmel i bir yderr (Ubadhyay,a P004;e Wang, 2004; Shim, 2006;
Venkatasubramanian, 2008slibeiki, 2014; Moradmard vd., 201%loussaoui vd.,

2016 Rasheeda vd., 20}16. Bunl ar a il avet en, ferrit
transformat?®©r | egri bvie unyagouyl leainmaki §dkdeceda 2002).



Ferrit nanopar-aceéekl ar ; Bayrakdao vde POdasbliel( Sheno
(Jiang vd. , 1999) , creti om, el ektrodepol ar
(Hochepied vd., 2000; Atif vd., 2006; da a i |, 2012), venkamgasad k at é
-%keltme (Kabiesenmtdlez 290dé&ml eri ndmekiedther han
(Tsuji, 1996; Mcgarvey, 1998; Prasad, 1998; Shi, 1999; Yang, 1999; Heegn, 2000;
Albuquerque, 2001; Chen, 2001; Ramankuthy, 120Chen, 2003; Fang, 2003;
Sankaranarayanan, 2003; Reddy, 2004; Sepelak, 2004).

Spektroskopm&no ° hit e enlatahizindg®anpeénhlaisabipte r EJ er

madde ¢zerine g°nderilen elektromanyetik

tekni J i n a dSpin Rezomakst(HESEERR veyaPRt ek ni J i dir. ESR y?°
nanopar-acéklarén manyeti k ©°zelliklerini

biridr (S8nchez vdNandpP®M9)acékl arén ESR sinyal
-exitli faz ge-i k| &oksharovvd.,8000i Namn o padi ac €k |
ESRsinyall erinin -izgi KeklIl i, anizotropi €
yapél mekter (Bi asi vd. , 2003) . EBsyRtik ver il
°ozellikleri i 1 e il gi Kokshafow \a.m2000) TBEOk spinel er v e
ferrit nanopar-acékl ar -ekKitljegepeiEsSRacek s
tekniji ile -alékélmektéer (Noginov vd., 2C¢C

Son on yél , s &warnltaurme bhb d gk a Rper bilgdayay i kK | e
uygul amal ar gChaangaadnyankamadg 19¢51 Gory vd., 1997; Kane, 1998;
Steane, 1998; Jones, 20(Kielpinski vd., 2000; Kosaka vd., 2001; Harneit, 2002;

Boehme and Lips, 2008rionvd.,2@ 7; Kameya vd. , PRKu@n8im | ma mc
sistemlerini avantajlaréyla g°steren pek

2002; Wesenberg vd., 200 SR spektroskopi si ve kuantu
nanopar-aceéekl ar eénmaleairi &€ piolte nisli giell i uyagluéd me
spink ubi t yapéséenen f rntuk abilgsayad eajrieniémi  fialrek e
t anéml a nhoavkl.t281d ;8Mirzae and Hui, 20114y r € c a , kuantum he

é

rezonans tekni kdaecnnilkexétdmgat éer o &eakhenf el
Kuantum bil gisayarlaré i-in bir paralel K L
and Xiao, 2004)Klasik bilgisayadakiOvel &/ier i ne kuantum bil gi say
iki seviydi kuantumsistem ( k )lkiatr k él ek Kel ke bi élektidnkr u mu e

cihazlar nanoteknolojive spintronik gibial anl ar da uy g yChaangaandb ul ma k



Yamamoto, 1995 et i m el e k t rkéronlgibi da/radséekr | baekekektifie-l ien

el ektronl ar kKhueaeatt i par -od arolkel abreéémy oeslue gi b
Ay r &sistemin manyetk momentianopar - acékl ardaki bu bany
olarak, el&tron banyosudaki spinlerspiny © r ¢ n g e ne tekgirdr(lurar rand
Alegaonkar, 2014Kuant um bi |l gi sayarl ar i -in ESR sp
spiispinetkiek i mi  kul |l anél arak yapéel &bbivid.j2006;( St ear
NadpPerge vd., 2010; Thiele vd., 201B a r tk &uantum bilgisayae | ekt r oni k g e -
i -Bpnn se-im kural éndan yararl aneér (Kielpi
I Kl emci | er i i-in, spinel ferrit nanopar - a
-al ékmal arén bug¢ne kadar késeéetl é sidyéeda ¢
vd., 2015).

G¢negmegzde mi krodal ga b°l gesinde EM8I | anél
malzemelerin (Naito, 1987; Hashimoto, 1997; Hashimoto, 2003)a k & fewita

nanopar -acéklar (Naito, 1971; Kimvd., 199
veMi yat a, 1998; Yoshida vd., 1999; Saito Vv
2011), alakémlar (Kumar vd., 2008), karbo

nanopar-acéklarén y¢ksek kaleécée méknat ésl
nedem yl e ©° n mak @ @anaseuewkl., 1976)De mi r bil exki kl eri

atmosfere maruz kaldéjénda oksitlenmesi, |
alan alténda y¢zey akéemlarénén ol uwmasé n
Karbonmno yéasggleemrpahal @& hem de uygul amasé zol
ol ar ak °ne -ékmakt adeéer . Ferrit nanopar -

méknat ésl anma ve zorlayéecé alan y¢gksek ani

miktarda enerjt i n bir gestergesidir. Ferrit nano
°zelli klerinden dol ayeée iyi bikul ¢ laeieel mama a
bel irl i aral ekl arda elektromanyeti k sojur
uygul ama al anlarée vardér (Kunihiro, 1970,
yé¢ksek el ektriksel diren-1eri yézey akém
y¢ ks ek frekans potansi yel uygul amal ar eénda

manyeti k anizotropinin artmasé ve kusurl a
artteje g°zlenmiktir (Ghasemi vd. , 2009) .
mikrod al ga sojurucu mal zeme o0 l(Razzitekvd. k2004;] an é | |
Kaynar, 2007;Shimba vd., 2011; Bayrakdar, 2012; Chen and Gu, 2012; Ji vd., 2013;



Yal - &én Wdynar, 200OMalBatra vd., 2015Praveena ve Sadhana, 200&r
vd., 2016.

Bu doktora tezet-Hdltegx maedaén (Ca@BB)wvea dilenmianbnr o m¢ r
tetraasetikasit(EDTA)y ¢ zey akdestekihmadd oé er mall sentez vy
edilen yeni nesilf er r i t nanpppésakeéelklaard&deenre 2lo&ry ®ma
( XRD) , Taramal e El ektron Mi kro%kdMfIR) ( SEM)
Spektroskopi teknd&l eri kull anél arak yapeéel

Ayr éca, namkompozitlegismalny et i k Czalkltiek Blektkanni- i n
SpinRkR zonans ( ES RYynekMenyefometrd e/1SiMh | iykullarg & Bhdé& z €

NP6l er i n Kk agngadednddnelde edilSgRl e J er i ni n seg-best €
dejerine g°re k¢-¢k ol masée gl°receldi kuan
ul akBFe@sé erri t nanopamé-kancaé kelsd racnmmak a ldéooyau m n
zorl ayecé alan ve doyum manyeti k Faritan ©° z.
nanopar-acékl ar én far kl é sécakhbeirlendide] er |

Sentezlenen ferriséoakbpphendackil aré@&medHi0s Ke

(crossover ) davr atnaépkréa kdalaamlaermed if.i z i k - i Ireer |, ma |
ki myacélar i-in olduk-a caziip ¢pndekitblet edi r
°czelli k g°r¢nengd ®meerci nazbhiar@i, depol ama g

I mk ©a bamaktGgddri ch and,; FGetierdadyi2008Forétiérovd.,
2009.

Ferrit nanopar-aceéekl ar én AnnsukMS2eR&8C YNA s o] u
Mastemo d e | Net worak e AdRymiaklrao diallega s osprbestma ° | -
ortam(free spacey ° ntkeuril anél arak yapeBugent @my i &k dna
ve mal zeme -al ékmalarénda dalga il eti min
sistemlerinde elektromanyetik (EM) dalgerbest ortanb oyunca yayeél makt e
yéell arda, mal zemel eri n EM Sebestortankd retr @ mii 0
ol duk-a i1 gi g°rmektedir. ¢¢nkg, mi kr odal
sahip ol dujundan, miassassebest ogtagn © it kna p |l ar En
yapmak m¢gmkegndegr (Arshak vd. 2001; Silva
Hwnag, 2006; Bayrakdar, 2012).



Bug rik bilgilerinden sonra 1ikinci b°ol ¢ mde

kuramsal bilgiverildi. | - ¢ nc ¢ b cahygtikhtsterezis e ESRha k k EBdac a
bahsedildi D° rk%Ingmd e, bu tez -alékmasénda kul |
y a p € SEMe KRD, FTIR, ESR,VSM ve VNA ci hazl arénén -al éxkm

anl at el dé. iBesalde addelyenimésil kpmpdztlerait grafiksel bulgular
ve fiziksel Wanokomplozitlerin $EMr XR® xwecHTIR gibi tekniklerle

yapeésal karakterizasyonl ar é yapél de. Fer
tespitii-inrsEMeganyt@ical i ncel endi . Nanop
hakkénda daha detayl é& bilgi edinmek i-in

ile 4000650 cmt dal ga sayéseé®tasspiélf enmmlaarkEsRiay de
spektrometr eadnerminikdreo dkaullglaa nférl e k a nManybtiR nt | ar «
hi sterezis °1-¢m sonu-I|laré ve bu histerezi
olanzor | ayécé al an, doyum al ané, kal écé me
czerinde yorhenrlrairt tman @eméoddadgas e k uama @l t ¢ ml
czerindeledurwlldek.masée s¢grecinde yeterdi kad

fiziksel a-éedan °nemli g°r¢len ve farkl el e
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KURAMSAL BKLGK
2.1 Manyeti k ¥zellikler
2.1.1 Manyeeeli zmanéeén

Manyetiazskdnyéenmj énén atomi k d¢gzeydeki y okl ¢
kabul edilmektedir. Many et i k madde, dékardan bir ma
dur uml ar d amaryatik romehie Sahip madele denir¢ce ki r dek etr af é
dol anan bir eVvekstspomumlhaktketsregdaas dy it al ¢ a- €s
momentum @ vespina- és al M wiarak blimmektedi(Cullity ve Graham,

2009). Bir elektronuny ° r ¢ ngpi wehareketl erkeknidd@mdial i

bunl ar @&n moenetnd p lea enknta Ine nited @K ii 161 @emddl b

kekil@c2ekli.r dek et elekfroaumdar gveospimhareketierinin
temsili (gyYysmememtum vekt©°rl erindervear kél ék
t opl am eak té°nré ntCellity va Graham;, 2009)

Elekt r onun -ekirdek etrafénda d°nmesi nden
D, kendi et raféenda d°nmesi nden spin

‘D meydanagelib unl eplargére i | e g °Dwotl earyiélsiéry.l a, bir ma



manyetik momenti n, orbital a- és a-brbit mo me nt
etkil ekmesinden k ayAhtakrhiamd éjaén sOYy lue naelbti | vy
ekl eremkitkr oenll ar dan dol ayé toplam manyeti k m
tam dolu ol mayan y°r ¢ngel egelid Bdoun haignde n me mi
mal zemenin manyetik ©°zellijinin belirlenm
manyetik momentid e et ki si vardér fakat el ektrona
k¢-¢k ol maséndan dol &azen ihma édilebilchekiediCallity gel e n
ve Graham, 2009).

Bir mal zemenin birim hacmi ndliPhmék mat & smitaannym
vekt°ile taneéerd adekx . m8onlRmé hRateéd slnammas éna

bir mal zeme i®mamiyseitn ke itnadglkasamyon/ manyetik

® '@ T1“0P (2.1)

Keklindedér a®@mBairt yaatai k a k @iriny Gduss (GY@mpnysatiku ,
al an « ibidn ©ersted i(Qe), velPm& n at & s |baimi nemyca® ifade
et mektedir. Bir mal zemenin uygulanan man\

y e t e.nmaiyetik duygunluk olarak ifade edilir

_° (2.2)

Bir mal zemenin uygul anan maayrdt kk ad eaniar ke

.o (2.3)

ile belirlenebilir. Burada manyeti k moment
‘“manyeti k ge-irgenti kh hHhar kima'l daejmatyetik sahi p
ge-irgenl ik kat sayeése, manyeti Kk ge@irgenl

b°l ¢nmesiyle el de edilir



S (2.4)

Manyeti k mal zemel erin davranéxkl arénén beldi

olan manyetik duygunlukyv e manyet i kargaesémdyenl i k

Cop Tt (2.5)

Keklinde bir bajénteée v aQ@Hhedey 208DaVialaemeles , 198
bir dek manyetik al an Demrkliesmnekddeaveet
parametreninakl] € dejerl ere bajl é ol arak omr@néf |l an
..dej eri ki¢c dek ervie bi r e yayamjetkn paramaryetik ve i

antiferromanyetik malzemeler manyetik olmayaalzemeler..ve* dej er | er i b ¢

olan (ferromanyetik ve ferrimanyetik) malzemeler ise manyetik malzemeler olarak

adl anderéel érl ar . Ayr éca, di yamanyeti k mad
ol mayeéep, paramanyeti k ve ferromaaoymati Kk ma
sahiptirler.

2.1.2 Manyetikmalzemelerinse n é f | andér él mas e

Malzemdern et mé k A aatr @srhaayetkmomentb aj | € ol arak ferr
antiferromanyeti k, ferri manyeti k, par ama
grupl andér€illermamentMaeryien birbirinden baj
ver mesi di yamanyeti zma Ve paramanyeti zm
birbirleriyle KkEe&sadtovkeuyka eutrke nl @érensdyiEd i de] i |
Coul omb et lantifereomangesk d d \er a n @ezérth,d959A K aijr aid a

g°%r ¢l d kgkig2 . gadbde mal zemel erde g°zl enen beck

davranék Kemati k ol arak veril di



Manyetik
Malzemeler |

Net
Miknatislanma

f - \ \ ( Anti- N
Ferr omanyetzzma | ﬁ;m mmﬂ'f’fi&m @anyeﬁzma feﬂoman‘-etizma

fmeTHL AT

keki Maby2ti k mal z e mel (Ramimoghaldamf 20dndér el n

Net
Miknatislanma

\

Diyamanyetizma

T¢e¢m el ektronl aré toplam manyeti k moment i
di yamanyeti k davranék sergilerler. Diyamar
momente sahipdej i || eFak at bu kamaédddaenl eber deéanyet
uyguleannddaé at omun y°r ¢ngesi ndeki kerl evket rhoénzll aa
dgik r . Dol ayéséyla elektronun manyetik dip
i -erisinde zeéet y°nde zayef bi rBu nedamnlg et i k
dyamanyeti k mal zemel er dékarédan uygul anan
ke¢-¢k ve sabit bir manyetkiak adlutggumrkeulkdde]
bi zmut, baker, kKur kKun, anti mon, v.Db. met al

-oju diyamanyeti k mal zemel ere °rnek ol ar ak

Paramanyetizma

Paramanyeti k mal zemel er , -iftl enmemi k el el

momente sahiptirler fakat bu manmiendir&k mo me

Bu rastgele y°nelimden dolrmngtt deknatl asnl § ok
i ken, bir dék manyeti k alan uygulandéjéend.
Kekil de alan y°n¢gnde y°nel mesiyle k¢-¢Kk

10



Paramanyeti k mal zemelerin bazeée kdwylrlugr a

sécakl ekl a ters orant éalkéa]cldduk]i w ghibe&rt ue . Cur
0 6- (2.6)

BuradaC'Curi e sabiti di mduBumbafieanmeknat ésl ani
durumda di pol momentl er rastgele y°nel mikl
sécakl ekl arda méknatésl anma maksi mum ve d

manyeti k dipol | eirler@Baskhonvg2064h y°n¢egnde di ozl

Ferromanyetizma

Ferromanyeti k mal zemel erde her bir atom ne

manyeti k moment | @roik ukki reltikrill eerkimelleerdejiilke e

al an hirbiteéne ganalelolarak hareket exlr | e r . Bu etkil ekme i
alan teorisi ol arak Weiss Bardfeomdayr gaire
manyeti k momentl er ayné y°nl ¢ ve paralel ¢

g°zl enmez ve doyum méaktumanelasiisa olanak lesandergu | a K €
manyeti k momentlerin paralel d¢zenl enmesi
degi K t ok uk etkil ekmel erinden kaynakI| an
paramanyeti k mal zemeye g°re bywvkk bde] srcd al
aral éj]énda sabit (kaléekeni niChiiWgesesiepadd & € &

uyacak kekilde hézla azal ér ve mal zeme par

Antiferromanyetizma

Antiferromanyetik malzemelerde manyetik momen@eulombe t ki | ek mel er i n
birbirl erirlene Bzéty ¢yz°dreenl al - ak séecakl ékl ard
mal zemenin net meéknaAkéas]l Gadhakalset isIZd @G che yqaKre
gibi antiferromanyetik malzemelerde® | séckde@ejveer(iTlen kritik
czerinde manyeti k d¢gzen bozulur ve mal zem

Bu durumda antiferromanyetik malzemelerdesTé c a k| éjJ énén al t énda m
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sécakl eklndeamnntkdrek eme nKaumeniuk Quibea sreanégred i uy ac
Kekil de sécakl ékla azaleéer (N®el, 1932).

Ferrimanyetizma

Ferrimanyetik mal zemel er de Sspin dizil i ml
antiferromanyetik mal zemel er e benzer f ak:
ol madej éndan uygul anan déKkK manyetiKk al an
Ferrimanyetik mal zemel er de g%zl enen bu

mal zemel er den daha de¢Kekt gr. Ayr éca, fer

ferrimanyetik malzemeled e kr i ti k Curi e seécakl ejéenéen ¢

gPsterirler (N®el, 1948) .
4
%2
= Ferromanyetik
g NO¥
BD g€
5- 4/@'9/ o
> )
®
=
3

Antiferromanyetik

A 4

Sicaklik, K

k e ki IMangetik®l .u y g u nsl éucjauknl &€ ] a (GuUlity e Grhtajn,2@0B)mi

2.1.3 Manyetik histerezis

Ferromanyeti k ve ferri manawgneytoikk umaddiel erede

méknat ésl ék (kekil 2. 4a6da M=06da) g°zl
uygul anmaseéeyla birlikte méddmgtuéns [dpiptemali areé
bl gekakeérl|l ar . DéKk manyeti knalazeame skdlee ¢ @

méknat éslpanmayha p(MI ur vV e bu kal eceé me Kk n ¢

ters/ negatif y°nde zuoyrg ualyaentaek ag earne k{ekiro.e rBu f

12



bir mal zemenin méknatésl anmagkakbn|l eaee iadlaa
bil gi verir. Manyeti k alan ters y°nde art
manyetiKk b°l gel ernegatiedres] ey drededowyUumal iupl a kK ac
doyumdan sonra ters y°nde uygeline geaiden al an
uygul andeé g éjridirasimeétdibigeprit t elkd e eedi | e manketiki r . Bu
histerezis denir. Ak aj € d a kevkeirli | Bn4adda net méknat és
meéknat ésl anma vektorl erinin bisrébfiérri nol uyo k
manyeti k alan wuygul andé] édosemelarn a&tné sdl oaynunma |

artmaz fakat méknatésl anmasé dék manyetiKk

arteracak kKekil de domen duvar |l arhéé zglean iakrltear
(kekilt) 2. dbki | eedAdbddeksinmddiget n&d wal awel d:
mal zeme i -inde dék manyeti k alanla farkl

meéknat ésl anmasé doyum mekhkhat desl aelthmseamean i €

domenden ol uktuju g°r¢l ¢r.

—
-
>
-

Vm

M,

keki Tems4 | i manyeti k histerezis ejrisi ve
yapeéeneén (haty2012)n € K é

13



214Nanopar - ane&klaaeash anmasé

Nanoboyutl ara inbptdn]jandelkmwaaeygymhaekimeer in
hale gelmesiyle malzemelerar k1 € f i zi ksel / k.i nYaansoap a r°-zaecl & |
par-acék boyutuna ve bu boyuttaki manyetik
bul unabilirl eib?!| Beal iy apyedlpagr| H-dkg @leik/ t ek | i

yapélar ve s{(SPgapatamaonyariak adlandereéel éer|
par - acék¢nbee ygkrle, (H)@dej s &k ianfivérillia Nanopar -aceé
kritik boyut (Dc) al t énda t ekumwmleen hladii tnidle bayut ut
domen oluktururlar. ¢cokluteaménromamngltadl
i -erisinde bir-ok manyetik b°l gebul unurker
tek bir manyeti k pnam-yaedalk ib-°4§ugiega mid dpudl rarknadd
kendisinin asl énda bir mansési pebpydmgaman\yd
kritik boyut) ol ar ak bel i rti J¢eni spearg emedin mblgarrgdsde nd
tanémlanmakt aj¢me abuéerbhdgk RbB L ey i g°ster me
¢oklu domenbéde nanopar-acék i-erisinde Dbi
b°l gelerin ortak davranékeé nanopar-aceéejeén
par - acék beyekl ¢ ¢ - ok k zptropiye manlyetokridta ] € n d a
anizotropinin Kygrkeaée emwmkbyy bRt grede mal ze
ferromanyeti k (FM) deklfriandemeeddge!| emek pad
azal makta ve toplam anizoetrlbipngier keRail - aaoé
daha da¢kge¢gl dg par-aceéklar ¢z.8u i sl estehki

sebebiyle hi-bir manyet iSRb®lzged |de&niorl.uk maz,

14



_@ 1/, ‘:4\\\ %g

l' / \\ -
/

H F = B O H

I SO -

I T

H : | H

SP ! FM
2-10nm Dy Be Pargacik biiyiikligi

Tekli Domen «——— Coklu Domen

kekibiNahoyapél é mal zemel epan- maalfebipecREg]
deji kimi ve bu deji ki nee(Uhwa,2E|I ék gel en

2.1.5. Elektron spin rezonans

Elektron spin rezonansESR) manyeti k rezonansén bir dé

sahip bir atom dék manyeti k alan i-erisin
yar el ér . Bu yarélma -iftlenmemik bu el ekt
il e et kiulcauk nod suik usran Ener ji yar él maseée
‘0 Q' 'e8Y (2.7
bi-iminde verilen spin Hamiltoniyeni yard
olarak bilinir ve uyegk$ananytdsgnemagyYeei &ne
O Q™ (2.9

Keklinde yazélfr .LagfdaGkt P ad@It“de R X1 T

p T UFYBohr manyetonuHd é Kk manyeMss i Al Rmameum sayésé
orbit a | et kil erin aktif ol duj u sistemlerde
momentum arasénda bir bajlanté ol Okur ( kek

olursag-d ej er i akaj] edaki formu al ér.

15



Q p =¢ — p (2.9

gf akt%or ¢negn dej eri yalnézca i zotropik S i
bajéemsézdér . Ani zgoktrriosptiakl isni smaennyleetridke ailsaen a
farkl erder alér (Wertz veSBopbesh, ed-86KBr om
dej 20023198t ¢ r . Bajl é -iftgdehphmemi k|l el skerbest:
gedejerinin birbirindBundurumapinolr®di Dl &¢ &ji & e & m:
aeékl anabi lir. Manyeti k moment il e a-ésal

standart hesaplama sonucunda

s $s

=22 (2.10)

el de edilir. Burada g toplgimky&k ¢1. m Aiysaeé
hesaplama r°l ativisttik kinematik i-1n yar
o ==8rr (2.11)

elde edilir. Burada p — Ok et el par8agygueanohéaéam
g°ster melkt @8Alrkal i ametaller i-1in, kuant un
(dolu kabukl ar) a-ésal momentumu il e il iKkek
s8¢ — I[ 8Y (2.12)

ol arak yazeléer. BYfwkd®ea ¢(-[€ ki gotueBuidurumdaa nd ®

-ekirdekteki el ektronlar r°l ati vigsekirkexko!l u
°l - ¢l ebilir kKekil det dkdue ne thk,inldg &n od albay & rsp
momentl er. birbirine paralel y ° ngalleijrege si
2.0023193 dejerinden b¢e¢yek ol ur. Coul omb
manyeti k momentl er.i birbianpetiakht mpmenat eh:
gdej er i 2.0023193 dejerinden k¢-¢kgolur.

16



dejerlerinin 2060den k¢- ¢k gdoeljdeurjluer igfA z h e nCdo
et kil ekmesinden kaynakloarnban aentkiidastika Inel) s
kuantum etkisiyle il i kk(CHuang v lYantaindtoe 1085] i S0
Cory vd., 1997; Warren, 1997; Kane, 1998; Steane, 1998; Jones, 2000; Vrijen vd., 2000;
Frohl i ch, -Pe@y®wvd.72010)N a d |

Deék manyeti k adbhana-padel el ekaroda ant.i pal
y°nelime sahiptdr.pBliulikan@luamak i bu nel ektr
akajedaki gi bi yazéel ér .

YO Oy O; Q0 1 (2.13

Burada’ b i r el ektron sistemine uygulanan miKk

uygul anan mi krodal gadan enerji sojurur ve
ol dujunda maksi mum sojurma ger -eklexkir. BuU
Ak ajkeedkai | 2.60da séfeér alan ve artan manye
enerji seviyeleri, sojurma ejrisi ve so]
dereceden t¢grev ejrileri temsili ol arak ve

17



m=+1/2

o

AE = guz,H =hv V\/\/\I

spin spin
yukan  asag v m=-1/2
Ciftlenmemis elektron spini
H=0 H #0 H
PA
4 AHPP
H
£
i
dP/dH A i
bl
;/
Vv
H’

kekilSe?2 6. al an \aendaserbestmrlekireunyeeonankve eneriji

seviyel eri (mavi ejriP), (pembeeajni sovearduy
alana g°re birideidd YJe(geedéneferi @vi

kekil YO ewbpfXYaizgi d@& nrezorlansjain,] A ise rezonans

frekanseéeder.

2.1.6. Mi krodal ga soj ur ma

Genel durumda mi krodal ga sojurucu mal zemel

( RL) i -in yanséma katsayésénén desi bel (

yanséma kaybé «kiakdaejta d atkeio rk eksielld eoliafraacke e o
1971, Ghodgaonkar ve Varadan, 1990;- S2ily
Moayed vd.,2008).

YO cméEQO pTOH p (2.19
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Burada Z malzemenin empedand e | e r iemmektedjrDsatl ga kél avuzu,
el ektromanyeti k dalganén belirtildif]i gi bi
il e alénan °I -¢mlerde numuneden kaynakl| ana
yanséma kaybénéen daibu ggfadeek&rbaplianambi P
Anritsu MS2028C VNA madgemdea5 KHide®0 GHE feekansé k' o |
aral @jléelmmgm pél abiBimeikn eerd ii kkerkoldiayllgea mhr ek ans

MHz ile 300d6HK gerhakad@Basérmda-mi kro dal g:
°nemli ama-I|laréndan birisinin y¢ksek freka
spineler i n ¢r et i mi ve °1 - ¢ m¢ nHEektdrmapyetik dadgplay u n u t
her hangi bir ortaméiilhtiy®8u daygadamnménayeé
birbiriyle ilixkkilidir. El ektromanyeti k d
deji ki miyle il gilidir. Har eket edepn el ek
dol ayéeségkardmanyetutkkmdabhgabkhbhepnoblr. El e

al anl ar Dbir bi ri nvebirbirejnedikalarakka ye&léé&kr .h éElée/Hd tar o
dal gal ar ser best uzayda (kabl osuz) veya

edeter.

2.2 Manyetik Ferrt Nanopar - acékl ar

ManyetiKk ferrit nanopar-acékl ar , kolagh ¢ K ¢ k
cretilebil mel eri gi bi neydue nledgr lke mg ¢ n grig z
sistemleri, radyo, televizyon, silemie® s a | k

al anl arénda ol dukygulfaamad a a lpaontlaanrsényae | s a hi
nanopar -nacgdaikadlan iteé&kalay toplanabilmelert ¢ Kk ¢ K t ok svek ©° zel
bi yomol ek¢l er bpapanabli & medleayc ati b bi° zeaelldn d

da °neml i uygul ama al anéna sahiptirler.
Ferritler, biPéeywomunde melahaokBeritériar i nder
kristal yapeéel ar e vrearye k i kmy av@al elbe ktexielns elr

belirlemektedir. Spinel ferritti N genel Daxkrenk lilnedreidi AB Bur a
dejerl ijine s ah? @7 me’t M, Zre* yvdon, B isaF¥ yéhenu

t emsi | et mektedir. Spinel ferrit yapélard
b°l gel eri ni dol duran ge-i kK met al katyonl a
ferritlerin (kiekddn2 Rglcsiejse mdanlynoral6kE® kel er c

19



i yonl areyoal &r Eetoplam 24 metal katyonl ar ¢
ve 16 tanesi i se oktohedr al ( B) b°l gede Yy
2005; Bayrakdar, 2011a).

‘ A atomlari e
Tetrahedral bolge ‘
@ Oksijen

® B-atomlari ’/

Oktahedral bolge

AB,0O, Spinel Yap1

keki.lSp2nel yapeéema ¢kcgleink nb ik(@onmexr, 1954 Siggl st er i
vd., 2005; Bayrakdar, 2011a)
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B¥L, M I 11

DENEYSEL KISIM

3.1UFe0sSpi nel Nanopartadaéankelsar én

3.1.1 Hidrotermal sentezy® n t élemano®l - eférritleérin ¢retilmesi

Tezde,Cizelge 3.1 6 d e  \wnanqoar- | aecné (KR) &CoMn1.xFeOs, CoNi1xFeOs,
CoCuxFe0s4, CalCrixFe0s, CoxZnxFe0s, MNxNi1xFe04, MNxCurxFE0s, MnkCr-

F&01, MnyZn1xF&0s, NixCu-xFe&Os, NixCrixFeOs, NixZni-xFe&Os, CuCrixFeOa,
CuwZnixFe0s, CrZnixFeOs) (0¢ x¢1)) ikif ar k1 & ykifnarekm évey¢ zey
madde( YAM) varl éejdenKaldamtieeé alnery ¢ z e yEtilemk t 1 f n
diamintetraasetik asifve CTAB(Set i | tri meti)d@déamonyum br omg

Y°nt edD Iml saf su VyVesgreysahkeiav,em@edddieladm ve 5
manyeti k kar ékt ér eiSedmadarHe)i diohpédkgt eviRe | Hledi.

mi ktar met al tuzu il ave edil dicizglghBFEltbéadle i y o
veril mektedir) ve bE®r iknoendQ, 02H0a z mmo | a nFeenC |
sécakl éjénda 10 dk ésétécélé many&tiylk kar
-ékartélde. Daha sonra 2,5 mol NaOH -°zel't
pH=11 ol masé s dffdye da&y arSléacm&krl &k, 8WH=11 de
hezda éeséetécélé manyeti k karéktéreéeceda ka
reaksiyon durdurulup oda sécakl é&jénda so]j
al énarak santrif ¢j (Her ml e, Z206A) i -erisi
su dekante edil di. Bu i klem her bir -%ke
tekrarl andeé, b°yl ece ortam pHOGEé no°tg¢rl ekt
otandan wuzakl akteéereéel deé. Son temizl eme 1 KI en
ve k¢l féréné i-erisinde (Primadcderkm!| PiLFd 14

Y°nteBu2y°ntemde reaksiyon bir manyeti k K

(Tuttnauer, 3840 ELV) i -erisinde yapél de.
edi | di ve 5 dk manyeti k kar iemiktad meattézda kar
il ave edil di ( Met al i yGimelg@®l &adear @ e Jieger mbk tr e
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czerine 0,3.6H® knoonld Fe HHazér |l anan -°zelti od:
karektéereceda kal®drtee raeyl adrélkat nanmae kooout naak, | al/ 2 S
otokl av kapmalélrdetak sHiiydamtoet okl avCibder i( 4, @d
bar basén-ta) Ssu buharé altéenda devam et
sécakl éj éna gel di . ¢cozeltiler santrif ¢j i
(Y°ntem 1 ile ayne), - % kel e KC opdadsire edild.n Kk r 0 :

YAM ol arak hem CTAB hemde EDTA kull anél dé.

Y°ntenStabilizer ol ar ak CTAB kull anél ar ak
edilmesidir.

Aka] édaDenklem(31)6emde gengl® rrgd aneskBywodada kul | an
bir metal tuzunk t 8iree3 1 6de ayr entiel & ol arak veril

1/2M1*2 + 1/2M*2 + 2Fe® + 80H  —YAMS  MyosMo0sFe0s + 4H0 (3.1)

FesO4, CoFeOsve CosCosFeOss ent e z i °rnek reaksiyonl ar

Fes04Sentezi 2Fe®  +80H — > FeO0s+ 4H.0
0,020 mol 0,080 mol

CoFe04 Sentezi
Co? + 2Fe®  + 80H  ——> CoFe0s+ 4H.0
0,010 mol 0,020 mol 0,080 mol
Coo5CuosFe204 Sentezi

1/2Co? + 1/2Cu? + 2Fe* + 80H —— > Co00sCuosFex0a4 + 4H20
0,005 mol 0,005 mol 0,020 mol 0,080mol

0,010 mol

- )
YT
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Dijefreksi yonl ar é veretiehemeakse
reaksiyonlarda Cok®;, t ek metal l i Dbir NP&6édir e Denk
= 12M2 = Co*k e k | i edi | di Dol ayéséyl
¢i zel ge1 =BMolkbedkd i bde dufamhe Medi | di
kar gc&obke k NPadEdi veve

Her bir kod

yukar éda
nde i fade
ekl endi

CosCwsFe0si K i
= CUW' olarak ifadeedi me kt edi r .

met al | i

reaksiyon

metal tuzu @MMwkverrilmred zveel 8¢ 3. 16de °zetl en
¢izel ®® 3 ebtezinde kullanélan metal iyon
mi ktar e
Sentezlenen M2 M 22 Whp
NP (gram)

CuFeO4 0,010 mol (1,3445 g) Cugl 2,30

MnFeOs4 0,010 mol (1,9797 g) Mn@H,0 1,87

NiFe04 0,010 mol (2,3763 g) NiGbH:0 2,28

ZnFe0Oq 0,010 mol (1,3630 g) Zngl 1,82

CoFeOs 0,010 mol (2,3793 g) CogdH,0 1,95

CrFeOs 0,010 mol (1,2290 gFrCl 2,60

Cuw sMno sFe04 0,005 mol 2,17

0,005 mol CuGl | MnCl24H:0

CuosNiosFe04 | (0,6723 gram) 0,005 mol 2,58
NiCl26H0

Cuo,5Zno sF&204 0,005 mol ZnG 2,34

Cu,5C,5Fe04 0,005 mol 2,40
CoChk6H0

Cuo sCro sFe04 0,005 mol Crd

Mno,sNio sFeO4 | 0,005 mol 0,005 mol 2,77

MnClI24H20 NiCl26H20

MnosZno sFe:04 | (0,9899 gram) | 0,005 mol ZnGd | 2,62

Mno sCo sFe04 0,005 mol 2,75
CoChk6H0

Mno sCro,sFe&04 0,005 mol Crd

Nio,5ZNo sFe04 0,005 mol znd 2,16
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NiosCnsFe0s | 0,005mol 0,005 mol 2,88
NiCl26H20 CoCk6H0
NiosCrosFeOs | (1,1885 gram) 0,005 mol CrCl
ZnosCoosFexOs | 0,005 mol ZnCGl | 0,005 mol 2,52
(0,6815 gram) | CoChk6H.0O
Zno,5Cro,sFe04 0,005 mol Crd
Cao,sCrosFe04 | 0,005mol 0,005 mol CrCl,
CoChk6H0
(1,1897 gram)
CuFeOq 0,010 mol (1,3445 g) Cugl 2,52
MnFeOs4 0,010 mol (1,9797 g) Mn@4H,0 2,23
NiFe;04 0,010 mol (2,3763 g) NiGbH0 2,74
ZnFe0q 0,010 mol (1,3630 g) Znel 2,09
CoFeO; 0,010 mol (2,3793 g) Co@H,O 2,55
CrFe0O4 0,010 mol (1,2290 grCl. 3,77
Cuo,sMno sFex04 0,005 mol 2,44
0,005 mol CuCl | MnCI24H:0
CuwsNiogFe0s | (0,6723 gram) | 0,005 mol 2,36
NiCl26H20
Cuo,5ZNno,5Fe204 0,005 mol ZznCl 2,59
Cu,5C,5Fe04 0,005 mol 2,56
CoCk6H0
Cu sCro sFe04 0,005 mol Crd 2,77
MnosNiosFeOs | 0,005mol 0,005 mol 2,40
MnCl24H.0 NiCl26H20
Mno sZno sFe04 | (0,9899 gram) 0,005 mol ZnG | 2,53
Mno sCo sFe04 0,005 mol 2,16
CoCk6H0
Mno sCro sFe04 0,005 mol Crd 2,89
Nio,5Zno,sFe04 | 0,005mol 0,005 molznCl, 2,26
Nio,sCaosFe0s | NiCl26H0 0,005 mol 2,42
(1,1885 gram) CoCb6H,0O

24




Nio,5Cro sF€04 0,005 mol CrG | 2,89
ZnosCoosFe0s | 0,005 mol ZnCGl | 0,005 mol 2,20
(0,6815 gram) CoCk6H.0O
Zno sCro sFe04 0,005 mol Crd 2,56
C,sCro,5Fe04 | 0,005mol 0,005 mol CrG 2,90
CoChk6H0
(1,1897gram)

¢i z el @ckhberdir teaksiyonda 0,020 mol (5,406 gramg@Ck.6H-O k ul d.an é |
Reaksiyonlarda 2,5 NNaOHi | e o r t a md.gHét bid réaksiyangad,50 gram

YAM kudd aTnegkl r a k alidM:& = K2aMgflolap tekanetalli NBd i r . ¢ i f t
rakaml é kodl arda ise iKki metal | i NPOdI r .

Reaksivonl ar d ddeMeg ka®ryi ZArna 9 & Ma

YAMOGIl ar reaksiyon ortaménda il k -ekirdekl e

ol ukmasé i -in3l.l ave edilir (kekil

YAM vadd é-j%€mel tinin ypdenggngebilti mMazdgkeaegaijn

enerji mi kt ar é& da azal ma lddekrdzzm hidrofGokr(se | ol a
sevmeyen, yaj seven) bir kuyruk ve hidrofi
B°lyece YAMOGIl ar -°zel ti i -erisinde HKendi k e
-al exmaw&jné dakeki 810idledn gi bi met al -%zel til
ol ukduwe u-1°zelti y¢sidd@Bak kKlne 2da ék anaciks @ gas&le n d a
Kekil de davranék 3devedibl)ey ebBoiirliikesili 8.a0d flakseékl iél |
gesteril mektedir. YAMO6I|l arén suyu shikven ke

pozitiMJ/MuFeOre&ér af éné saracakt ér .YAMReyl ece
izole edil mik olacak ve i1zole edil mik -el
-aplarénda NPOI Bir] senb ierz kekillBttbededkea t g of r ¢gylorhe k ts
Hi drofilik u-1lar birbirleri i ihpozithucuilee k er e k
Miy/Mo-FeOH-ar asénda el ektrostati k -ekimden dol

Mi/M>-FeOH-¢ zer i ne pozitif wucun bir adsorpsiyo
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ve hangisinin olacajé ortama ekkteaea Y&atMe

miktarda eklenirsame t a | i yonl ar & KYeAkBIID 3 z e rYIArMO éhr taxrér
il avesinde i se ¥XANMilahvesnethl bksirfiimleromdieik hozulmé
meydana gel ecektir. Bu y¢zden YAM mi ktar é

TNAAASE © Yizey Akt Madde
(CTAB veya EDTA)

‘: M12" u M22+

kel3ilManyeti k tozlar i1 -in YAM et k|

Y AM ol ar ak EDTA veée COABemkuéetdeaéelEDTAOGN
-%z¢éenegrl ¢l énegn CTABOGye g°°re Fodlodn &dTa i yi v
il e yapéelan denemdéekdel lkiokdagnlt&R G bogr isird jel &

akamasénda YAM ol arak EDTA kull anél déjeée z
ol makt adeéer . CTAB6néen saf su ile yeéekanar ak
CTABO6néen d¢kegk -°zeéegnegrl ¢ ¢nden darnmy é YA
uzamaséndan kaynakl aneéer . End¢strivyel ol ar
temi zl eme i kKleminin késa ve az mal i yetl i
° neml i dedenleNP@Bruf nzi ks el ve manyetik ©°zell ikl
ay éca di.Aga]Fatao3 rmddentez i-iCankhuukbberd®Ohsem
Mar t l'niversitesi Mal zeme Bil i mi ve M¢hen
Nanomal zemel er Laboratuvaré g°steril di
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‘Ebto]r.ca,fS(B.gLr am CTAB ve EPEAOsn@ade&kd mP zs
manyetiklar é Kkt ér ecéda kar éktéktan so

3.1.2Polianilin (PANI)+NP kompozitfimha z €é r | a ma

7,5 mg/ mL hegzan i -erisinde hazérl anmeécx

soni kasyona bérakél de. ¢cozel ti 50 UC de,

saat kareéexterélarak PANI nin hegzan i -eri
-2elti a (taban y¢zeyinin uzun kenareée) = 1
arasé wuzaklek) = 21.5 mm and ¢ (kaleéenl éek)
haci ml erce késém késém eklendi. Henda&air f
-%z¢c¢ buharl akmasé il e polimer film taba
yée¢kseklijindeki kal ép i-eriemi Rdégnhéekt adio
Kekil de ayarl ande. ¢o°z¢scCceéenegn tamamer, uzak

i -eren film tabad&medl alri k¢ Zkéadiehing eefeér. hadOr | ar
manyeti k tozlardan bir monotabaka ol acak

mm ol uncaya kadar tekrar edil di ve fil m t
El de edil en nihai fi | mmkeaHerdm20@m €k ayladkn la&jéé&n
monotabaka NP¢(i z e )g,e PBANI i -eren bir kompozit fi
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3.1.3Poliakrilonitril  (PAN)+NP kompozitfimha z ér | a ma

7,5 mg/mL dimetil formamit ODMF) i - er i si nde hazeérl anmeéck F
sécakl é@éjénda 30 dk s ol kdaes,y ormaan ybeétri akk ekl adréé. K
600 rpm hézda 2 saat karéexktereéelarak PAN ni

Hazérl anan - ON@ tdl asné céaskdtégoeé 5.,zer i ndeki

kenaré) = 19.4 mm, d (taban y¢gzeyinin kark
(kal éenl ék) = 2 mm ol an dikd°rtgen kaleéep i -
DMFG6 in kaypreanjaoksektit ajinden dolayée -°zel
sécakl ejée yerine sécak ésétece ¢zerinde ko
sonrasénda ésétéceée ¢zerinde -°9z¢ceé¢ buharl e
tabakalar,topbam 2 mm y¢ ¢kseklijindeki kalepmi -eri
kal eénl ékta ol acak kekil de ayarl ande. ¢°z¢
késmen -°z¢ce¢ 1 -eren famodml ti &b ¢ikad ¢cladyl e@ljche T |

hazaeamék manyeti k tozlardan bir monotabaka
kal enl ék 2 mm oluncaya kadar t ek-10d edi |
sojutul arak oda séecakl é&jéna getirildi. Fil
veoth sécakl ejénda uzak]!| dx nsaéycaank |-&kztsac ¢v akkau né r
g¢en bekletilerek uzakl aktéereéel de. enfl de ed
ve her bir20Gm kal énl éjéndai meh)gaBAaMai Neeitdn bir
film haline gelmektedir.
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Foto]jradnt3e2 i -in ku(l¢amaeklkal ¢ aDrog ak iuz
iniversitesi)

29



3.2 Kullanélan Deneysel Y°nteml er

3. 2. 1 Temktranmikioskobu (SEM)

Taramal & el ekt r one lne kktrroosnkaonpyi estii k( SikeM)c e k | e
odakl anan bir el ektron demetinin bir°rne
el ektronl ar éeéen, bial gd daenletp® r° ranrekc ed 24 reiyn de

yapélarak g°re¢nteogye  -levrhilrdi §6 e kg myitgegisdenke . - ©

-al exma npmernsimsi | i kekiP32G dverildin®iE Ma kgejrésdna ¢ | er i
nanopar-acéklara ait boyut, Kekil daj el en
duruml arénaopakl anepdedbakéag®zl enebilir.

Elektron Demeti

N

' <€—— Elektron Tabancast

VNN

L/ [ \\3

I

e €—— Manyetik Mercekler

«—— Anot

Tarama Bobinleri
Ekrana Aktanm

Geri Sagimss N /£~ ikincil Hlektron Dedektora
Elektron Dedektorii —

kek 2ISEB. - al exkfhatpkengDhi)
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Bu -al ékmada I ncedremekl edEM ogiatr- - ancl éekr i S

' ni veddeiatkeasji@d @ § rfavfer i | e n33)(IFaokt orfatadv ar d ¢ z
kull anél arak hi zdeet al emée yoluyla yapeél

Knsan, maddel erin -o0ok ince ayréhke&j améaléed &
yolun dejiktiril mesi ve elektronik teknol
gor ¢l mesini sajlayan optik cihazlar vyoluy
kaydedi |l ebil mektedir. Bu cihazlardan bir t
y ar d éate yanalkeleri, biyolojik sistemley t ép v e gibik alanlardan a |

kulanéel makynédea ., SEMOl erin -°gdneéegnt ¢] &,e a@d
birlektirme °zellijJi yaygén ol arak kull anée

| _o

Foto]3aEM3%I| - ;BettrbkzEgniversitesi
3.22X& ekE&d € n é mgrP rif tX&RiDi)

Xiée Kk € né (KRDyyénnétheemi bir kristalin kendine ©°z¢
olarak Xe k émékaareakt eri sti k bigmashg@flagraXieke&me si r
di fraktometr e keke33mme ¢ r V)R D layd®iamialBednsderin kristal
yapél adbrednéan emesi nin yanéser a mal zemenin
parametrelerinin ve ortalama naXRDanbliayut un:
y°nteminin analiz sérasénda numuneyi tahri
dahi analizlerinn ypél maséné sajlamasé avantajl ar é
XRD cihazéyla polimerlerin, kristal mal zen
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i ncel emel erBu teyzapekmabelesince sentezledil]i
°] - ¢ mUgOlkhi-éés®dr al éd@8nda yapéel

X-Isim1 Kaynag Yarlk
. N
Yarik
Algilayic
kekBXiexeneée difrakt @ekeek,2@08)i geometri s
Bu -almwumadaoyutt aki tozlarén XRD &de- ¢ ml er

Bruker D8 Advance Diffractometer ila Kk a] € d a FRPtsa &b dlabaduvar

dé¢zenej i kull anél ar adke hi zmet al émé yol uyl &

Fot oj4>XRD 3% - ¢(mGeb hazBekni k | niversit

3.2.3Fourier d® n ¢ kk& A & I€FFIR) spektroskopisi

Fourier Do'nt¢diSdRNs Kekttdoskopi gP nBleniPkeegsikéer
b°l gedeksojewremlem&snena bakarak ©°rnek 1 -1indc¢
titrekigmerd? mg gebi mol ek¢l er hareXiét!l er i
de FTIR si st emikafogusatiaBkiceldei acakenen nanopze
°rneklerel aitla®gdk Ral e Onsekiz Mart i niver

32



bulunanFot oj r af 3 . 3000660ecmigd®asl tgear i d eynésé ar al ]
Mattson Satellite Infrared Spektrometresi

Es zamanli
motor

)
™
’

7

E
@
\’ :
Y

9

B

b

Monokromatér

Es zamanli
ayarlayict

kek UIFTBR spektr oskogSkegvd.;2807 K ma pr ens

Fot o] 5 MattsorBSatellitd&our i er d° n ¢&KIR)speltreneteeki
(¢tanakkale Onsek)z Mart | niversi:

3.2.4 Elektronspin rezonans (ESRY° nt e mi
Elektronspin rezonans (ESRyinyalleriESR spektroskopi ile kaydedilir.Spektroskopi

mol ek¢l l erin, i yonlarén ve -ekirdeklerin |
y°nt ekmc¢c el. enecek ol an atom veya -ekirdek
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ékémanén feekaheeege @bhage gelen iKki seviye

ol dujundan spektroskopi denelkiel emdrajriaks d
araseéendaki ge-i K =-izgisine bir spe&kdéea al -
veriir Bus pektruml ar ESR s¢gprektrometresi i1 e ©°I

Bir °rneje sabit bir dek manyeti k alan u
momentl er méknateés gi bi davraneéer . Dek al a
g°re m¢gmkegn ol an eneByuiyae&limael ear mer yar ék
Deékarédan numuneye uygulanan sadbdjamema mi kir ®
yaparken Larmor frekanséna exkit olduju ye
el de edilen sinyal srogjvuirnnea ekkiidid edli mp ngrbaf

noktasénal aeegodamisr .

kekil 356 e®&SR <ci hazénén -terhsdigmat eriemBSRviemii n ¢
spektrometresitemelolarak;i kr o dal ga k aykawki tseé sdieani ¢ mik,e

sistemi,n moda ¢;dadeglot °r si st emi ol arak d°rt

Mikrodalga kaynak sistemasb i t frekansta mikrodal ga ¢r et
ve KiddetiniBllsesteasmistaemdkt yrp&is ekibiiéd mekan
(klystron), ichdetodal karydbrt meadeam idlad tgial rkeed
kl ysdtamnéal ga kélavuzuna tek y°nl ¢ mikr ot
kavitesindeki numune ¢zerine gelen mikro

sérasénda kristal dedekt®re y°nlenmesini s

Keé |l akavitezsistemi, amunenin manyeti k alanda mikr o
olarrezonans kavitesi ile numuneye gelen mikrodalga enerjisini ayarlayarak dalga
kel avuzu il e kavite araséndaki empedans

ol ukmaktadeéer .

Rezonans olayeé i-in gerekl: ol an durgun

kararl & ve -izgisel bir manyeti k alan ¢ret
bir -ift bobimmékenna tyéasp éslinsétke noil ainl e ol ukt ur u
2006) . Bu sistem Dbir -0 ft el ekt rndamé k nat ¢

ol ukmaktadeéer . El ektroméknat és, rezonans k.
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ol arak rezonans «Karténeén sajlanabil mesi [

¢ r eAdalj. édakeki 850 @héeknnat és si st e mimanystit@dant ve

el de et mek i -in kull anél an bir -0 ft bobi
go°r ¢l mektedir. Mal zeme ¢zerinde ol ukacak ¢
cretilir.

Mod¢l asyonsvestaeaend ek tmikr od ak BEBR siryalim korarbli n i a
eden sistemdir vV e é - késémdan o lkristelma k t a d
dedekée®°faz duyarManydeedektelran mod¢l asyonu.
akéma d°n¢ktegren kristal d et e lyar?sistemdd.e k i g
Bumod¢l asyon 100 kHz©6li k osilat®°r devresiy
bobinl er dkriet all udedektmlad z&Ememénmnda o] ur duj u
enerjisi detekt Fakerduiybel & o ¢ @ d eskt tetknalnigsier,i
sinyall eri arasendaki faz farkeéeyll aem,r a2l @
Celinski vd., 200Y.
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Faz Sinyal A I
[ I Vi i -[Sdmhtor {Incehcx ]—[ Yalitics
_J J J
Avyarlayict Klystron

E_W —

- .

e ———

Hall Probe

kek BESR. spektrometr e@iati- @ nGeingkovd.d00r)a gr a mé

Tez -er-evesdamaebadyuwtetl eknient mz|1 ar én oda séc
°l - ¢ml er i Gebze TRdtna jkd a@d K ia3jg@isstietreisliennd el ab o
d¢zeneji kutEBamahatr ak|l ggraerel °l - ;ml er i oda

bandé ar @hde9.76Gh2) 2i@(6X0 00 G manyeti k adan uyg
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1Tl
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Fot o] r.BSR spéktr@nmetre§iGebze Tekni k | niversit

2 . 5 TArnek nemyetomletresi (VSM)

Titr e&mekmdnyet ometr esi (VSM) ile incelenen

0
k

S
K
k
k
f

rtaya koyan histerezisirrejVISIMsisi dé¢ renyselg¢o
ontr ol panel |l eri, °rnek titrexktirici, el
i stemi ve Dbir bi |6gaVsSaw asri dsa re ma Imu knundibe nked k i- |
emat i kakaljgPrsatheMainly et i k mal zemel erin doyum
al eécé méeéknatéslanma ve doyum méknatésl ann
ull anél amk¥dfd g omgf® s3di.kr idle edi |l en t ¢m na
errit tozl arénén VSM kCljFegiad jefidaf 3 gmert i lae

aboratuvar d¢gzeneji kullanéel arakdEBEn®°ng¢g |r
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Titrestirici motor

Referans bobinleri

Titresen cubuk

Elektromiknatis Yiikseltme bobinleri

Ormek

Hall
sensoril

keki6.WMSB8. si st emi ni n(Gupta&nédradava20iBr ensi bi

Genel olarak, malzeméerin manyetk k ar akt eri zasyonu i -1 n V
S¢peril etken Kuantumma@iyreit oimat r @il razé ku
Mal zemel erin manyeti k alan si@Myapol edappec( O)
(He), kd éem@&k nat e sy, a ndmay u(mM) ajibi anrargyetik( gdrametreler bu

cihazlarla tespit edilebi. Oda s écaklye] &adan 2A;Kgk seéecakl
i -in kapalé devre Helyum sistemi Kul |l anél ¢
sahipsi stem il e el ektrik Ve ma ny dtgirflez kar ak
-er-evesfazkenrs numlbnregméreirn QCEMsEbdakIivekIllar
méknat an@ahygemafkzasyon °ldgmleri al énarak yaj
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IEt o]?.*\aSMBmanyet i z as fKorP n%Il -} ¢gm veeirhsa zt ée s i

3.2.6Mikro dalgaso ] u r°ma gaknikleri

Networkanal i z ci hazée, aktif ve pasif aygetl a
G¢egnegmezde, kull anél an net wor k Tpasametresi z °r | e
dejerl erinNet°wormelkgreidn rgi ri Kk ve -ékéexkéndak
frekans dejerlerinde °1-¢1 mesi kol aydeéer .
filtreler gibi 2 portlu devre °1 -¢mlerinde
Net wor krleravn latl 9szyY @ & a | okimakbgzawye el @gerkltalrr. B L
networkanal i z°r |l er ( VNA) networke¢gn iletim ve
analiz°r (SNA) isee sadece be¢gyekl ¢ ¢ °I -

VNA networ k anal i &kPportlutecssti Isaett® r btidrgay éeckér saéen,
ve radyo frekansu® (NBEwokkhbhodanz®dlrbluer deki
birlektirici vV e kompluek sNebwank °hngimi 2a9relt
se-enekl er, veriyi i daolet eejt me&k alkéemdepyd aln
bil gi sayar kontrol ¢gn¢g kapsar. Buna g°re
analiz®°rl erde i stenilen frekans dejerl eri

bakl anmadany & p.ésetéelf el ibbarjelt € molvaer ylkanislé ma ka
yvapge | abi | iprokdaru, tiekier teker veya i ki €d ni bi
bul un méaenelaldrakki porttuSpar ametr e &Il éhehmdetnrhem y a p

d e vy ans émékalilpeoatilmelsigerekr.
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VNA, test edilecek sistemin girikine dejer
sistemin -éeékéekéndaki sinyale bakarak siste
-ékek empedansl| ar e, f Andtsu M&2028€ VYNAknasr den - kay
tezdekis 0] u g mat i mi t a ma ml a nipeFaknetresi, anmpeddnmitay e | e r i
durandalgaor ané ( VSWR) , kayép, kazan-, i zol asy
yapérl aBiul si stem sayesinde 5 KHz den 20 GtF
bandéna °I -¢m Mikrqdéldaabj] Ubmekt @di-reml er i i -in

°l - ¢mleri al éikimékykdlre. v@Bmuad@&m. i -i n

Kletim / Yanséma hat y°nt emi

Bu y°ntemde al énan °1| -¢mlerde d¢gzl emsel y
ar a keualaak, &, S1par amet r el emikrodaygas adjéurrémai |l - ¢ ml
mal zemenin dielektrik ve manyeti k ge-irgen
°]l -¢mlerde mal zeme y¢zeyinin alané dal ga K

omasé gerekir.

Serbest ortam y°nt emi

Serbest ortam (Fréepace) y°nt emi il e yapélan °1 - ¢ ml
dal ga kel avuzlare kull anél arak mal zemenin
S parametrel eri yardémkanse kategeémghshehm

dielektrik ve manyetik ge-irgenlik gibi d

ge-irgenlije sahip mal zemelerde °I| -¢m yapé
dalga boyu ile °l-¢m boapeéhtdaalk aras émadlaker
ar z et mektedir. D¢ézgen vV e hat aséz bir 0
parametrelerinin dojru bir «kxekilde belirl

uygul amal ar énda e | eckiter elema myuaetyiek i kdal( g&md n
kull anél ér. Serbest ortam °I|-¢m tekniii, h
°l - ¢ml erinde kull anel éer . ¥| - ¢l ecek mal zer
mal zemenin geni K ve AkéZ kehli87oey s¢ wir i Odmai e
net work analiz®re bajlé antene belll.i uzak

¥l - ¢me baklamadan °nce network anali z®%r mt
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Numune
Mercek Mercek Hom

Koaksiyel
kablo

kekiZNe8Bwork Analiz°r ve serbe&trertam0y0n

Tez -aléexkmasénda el de edi | emikrogdalghs anjeurr nmaa n o
°]l - s mroje(ri12E044 nol u T}lBK TaArKsungsao2B@ \sNiA )
master ( 8oFtootjBrPalédBR30. GHz frekans ar éRLéEéjJ énda

ol - ¢ml er i yapeéel de. Hazéerl anan ©°rnek boyut
serbest ortam y°ntemi kull anél arak ve tg¢gm
mikrodalgas o ur ul ma °1 - ¢sml er i al énde. ¥lve¢gm sor
kull anél an polimerler i | e oll20 GHa frebkansa n  p o |
aral ejénda, yanséma kaybeé dejerlerinin de
master ile yapélan °1 -¢mler kendilijJinden
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Fot o] 8 \defk tritworkanalizci h

''niversitesi/

Elde edilen polimerik nankompozit malzemelenk ul | andéj é méz VNA, y
ve keéelavuzl an2®dn GHar dféermeekyadynasn 8& mal €ekjaéynbdea © |
numunel erin geometrik dejerl er.i uygun ol d
y°nt emi il di(get oPkbexkBiril
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Fotoj9Mdt Bor k anali z®°r ve s(efrabneasktk aolret aOm sde
Mart | niversitesi)
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BY¥L!M |V

DENEYSEL SONUC¢LAR VE TARTI k MA
4.1 Taramal é Elektron Mikroskobu (SEM) An
Fotojraf 4.106de CTAB ve EDT AOs4 ICoFeOs,aneél ar
Zno.sCro.sFe0s, Mno sCrosFe04 ve CasCrosFeOss pi n e | ferrit nano

SEM g°re¢nt el eri akajeda veril di

CTAB EDTA

| (a) QUFex04

¥
= = = ignal A =
@ EMT=2000kv  Signal A= SE1 Mag= 3000KX 200nm 5 @ EMT=2000kv  Signal A= SE1 Mag= 3000Kx 100nm
v |Probe= 45pA WD= 9.5mm — 11N IProbe= 45pA  WD= 9.0mm H

(b) CoFeO,

= Signal A = SE1 D = Signal A= SE1
EHT.=20.00 W) i Mag= 2000KX 200nm ST =20.00 kV. i Mag= 2000KX 100nM
IProbe= 45pA WD= 9.5mm H | )/ |Probe= 45pA WD= 95mm H
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F = = A u =SE1
= EHT = 20.00 kv Signal A = SE1 Mag= 3000KX 100nm EHT = 20.00 kV Signal A = SE Mag= 3000KX 200nm
-/ IProbe= 45pA WD= 95mm H N7 |Probe= 40pA WD=145mm —

) ; . 3 X W .
|® =20 Mag = ENT=2000kv  SgnalA=SE1 0 o500k 100N :
IProbe= 45pA WD= 95mm H IProbe= 45pA WD= 9.5mm H

@ T e wemmos @ g g PRGNSR LTSS Y

Foto]j r@QTAB .vle EDTA kul |l anél@u(a EoFale (tt e z | e n ¢

ZnosCro.sF€04, (d) Mo sCrosFeOs, () CosCrhosFeeOsnanopar - acékl ar a @
gerént gl eri

SEM resimleriy ar d épneéry-laac €kl areén morfoldofFoso] vaf b
4. la@@AaBi kul |l anél @uFedsn ssrenp eerz-l eecnejiné n Fmo 0 f o la
410 de EDTA kul |l anél aiZmirsFe@ nntaenzol peanreSEEMc € ] € n

g°r ¢nt gldegdiletaneck b ¢y ¢kl ¢ ¢ ve ke¢gmel enme ©°zel
g° st er mMakdrrelmstruments Zeta Sizer NadoS ° | - ¢ m spnellieaiz € i | e
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nanoparswaaca& kld az ¢l ¢p¢CoF@esunbonoparsgbcé] én boyl
CoFeOsnanopar - aceénng dnstregFpsnandpar - acéj én boyl
MnosCrosFeOsnanopar - acéj én osBrxhedinen®$p anmac €pén

ise 75 nm olarak bulundCuFeOss pi nel ferrit nanopar-acekl
bir morfolojiyemslthedgpi rol dikMaokamgdk ¢ EDTA

4. 1bodelsinaGopPear -acéjeén mor f ol owiCrFaOs Fot o
nanopar-acéején taneci k Db¢y¢EDEA: kul karbeélna
sentezlenenCoFeO4 ve CasCrosFe04 spinel fe r i t nanopar-aceéekl ar
morfolojiye sahipirler. Fot oj r af @T ARl 0 dkewklil anéel ar ak S
MnosCrosFeOs nanopar -acéj én mor f olCdABsikul Faneée] a
sentezlenen CoosCrosFeOs nanopar -aceéjén t a n leenzerkk be¢yeé
g ° smeldedir.ZnosCrosFeOsnanopar - acéja ai't K ¢ ek e n mi K
par - ac ék¢ nbee yvoderMgn® rFrod joif.dcteefv er i | di . geBiu K e ki
par - aceékenbdeSyENM [ge® r ¢ n@ 4 lke roil amalk akti h ol an
karakteristik ©°zellijidir. Nanopar-aceéekl a
haime or aneédeéezZnCri3heOp i pdespi nel jfelmalrédé nalnamp
me k n ad &jsd al¢sdnejl regnlgBy.r éamo p anr - a dllernin b g ¢ p k K e k
orandak ¢ r esel simetriye (Isfahanivd., 2011;Raghdswhadad.,g° z |
2013;Tsay vd., 201h

42Xl kéné Toz Kéréenémée (XRD) Anali zi

CTABVveEDTA kul | anél aCaifel/€unlndFed,x+06,0.50a.0)

spinel ferr t nanopar-aceéekl| aawa] kelilR D10 daen alviez li & di
Nanopar -acéklarén yapeéesal °zelliklerinin i
D8 Advance Diffractometef Ge bz e Tek niikl € nyBugéfilderdenas i )

2ddejer |l eri ylask.l2a2Ue k 300 .alr5ak, 31.65U, 35.55
yanséma d¢gzl eml eri (111), (220) , (8i11), (
En kxiddetl pi k (311) d¢zleminde go°r ¢l mek:
ol duj unu gestermektedir. XveDx ag ieldaaz enedainl

DebydSc herrer f or waplag -kawlélka realpeér ehke sapl an

D=(0.99)/(B ¢ g} d (4.1)
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Bu exki eyBvekkts&kias eyl a X éxkénlareé dalga boy:
pi kin a-éeseéedeéer (LBiatyerrasktd¢arr dadv @y ana €2a0nld4a) . gen e

Kiddetl i pi k al énarak par - angedk 200404RP hes arg
Kiddet.i
O —_ (4.2)

eki tli7Ji kul | BuradaM;& m anle kh es a m| ano Nydvogatre r aj é
sayeésé&ise€,r giee R tsitteirmekt edir (Salunkhe vd.,
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keki (@CAABlve(W)EDTA kul |l anél @xCale®/ent ezl ene
CuxCrixFeOsnanopar -acekl ara ait XRD des

4. 3 Fourier D¢t gFFIR):SpektrogképmsiéAhalizi

Ke2éebkbspektroskopi si °rnek°t glz®elrgecke kg° nd@kér

sojurul maséna bakarak °rnek i -indeki at om
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geril me hareket]i gi bi mol ekg¢l er hareket| ¢

spektroskopi si nanopar-aceékl arlernvernyeklez ey ki
birlikte spinel demir oksit yapeélarda kat
késa mesafede olukan d¢gzensi zIli kler hakkeée

oksit kristalinde mayetit (FeOs/Fe0s) ve mah e mi-ReOsjfaz é nén ayért edi
sajl ar ( Pelchefhvd.c 1987 pTlartaj vd., 2003.T 1 R ° I ¢aomd kekra | e

Onseki z Mar t 'niversitesi -6B0icmyda l Bral ¢ ynals
aral ejeéene tarayabil en Mattson é SdEDEA | it e

kull anél ar akCngsFeui( azl0e®en 0Cé& , 1.0) nanopar
4000650cm'b° 1 gesi nde @t depi & dralkeiikakitl@&d eMerildi.

!l - nanopar-acék toz °rneklegrermindé&ETdRr slpr
sajlayacak kKekilde d¢key eksendekiiFTIBe- i r ge
spektruml ar é, spinel ferrit nanopar-acekl
i I i Kkwnveirt emah bant | ar & ngéa gs®asytéesrée nb °yl ;gkessei k vc
sayeéesé b°l gesi ol markSpg zneerl e yiakpié dba®kli g e&kdrd sit nacl
alt °rge¢lerde degzenl i bokl ukl ar éunSpinelmas é& -
demir oksit yapas@agkéag3iI30Q wm genik sojur
keséemlarfFPaAakiyonl arénén oksijen bajlaréndak
790972 cmt ar al éj éndaki d¢ K¢k sojurma -Pantl ar
titrexki mler.i sWmec @ &o hbhawuwrk.l ¢ ek i~l Q4% 40 nm
°rneje ait sojurma pikl eveid4ldcmddel 8%, et 8|

CowsCrsFeOst 0z °rneje ait sojurma pikleri 885,
cmode g°zlendiCnxFBuha=0g°0e @€o5, 1.0) toz °©°r
oksit f geztéinténolndmnj u s°yl enebilir. Dal ga s.

di pol ar etkil ekme, boyut et ki Kurien, 2010)a vy ¢ z e
Genelolarak, C8i yon k atakré tn@ikk-taarpéar - acék beycek!l ¢ ¢
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Co,Cr, FeO, X
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4.4 Elektron Spin RezonansESR) Analizi

Y¢zey aktif madde dest ekl i hi drogdtegremalle rsie
-izgi genizxnd arkd eali aXvBa éjalker EMXrspektrometrede

ol - ¢l dg¢ . aBuan] &ekil g% keek i | 4. 176de verillgm nar
sonu-|l arée akapdidia 4. 106de
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¢i zeAll&dAB ve EDTA kull anel amgdkjseheetl ene
geniekverdonans al an dejerl eri

Sentezlenen CTAB EDTA
Nanotozlar (Setiltrimetil) 4@ (Etilendiamintetra asetik a}it
gdej ¢ (gaal-ilsps)p Hi(Gauss) g-def] ¢ (gaal_LIJsps)p (thrjss)
CuFeO4 2.37 1270 2950 2.011 148 3462
0:=2.88
MnFe&04 2.019 1437 3435 0-=1.88 2257 3681
0,=1.48
NiFe04 2.44 1070 2837 2.30 1090 3009
0c=2.12
ZnFe0y 2.011 246 3470 0-=2.00 350 3486
gb:1.88
CoFeO4 3.42 4982 2000 406 4750 1704
CrFe0s 2.033 649 3447 2.0124 486 3470
Cuo.sMno sF&04 2.23 813 3165 2.06 418 3368
g=2.81
Cuo sNio sFe04 0=2.09 1302 3333 2.37 1336 2946
0»=1.83
0:=2.91
Clo.sZNnosF&04 2.041 681 3431 0—=1.94 1834 3595
0o=1.49
Clo sCoo 8604 2.84 5780 2477 251 5868 2759
Clo sCrosFe04 2.14 702 3275 g:;;g ‘51;% gggg
Mng sNio sFe04 2.17 1253 3228 2.21 1732 3142
0:=2.30 g:=2.91
Mno.sZno sFe04 0=1.95 607 3564 0=1.9 1709 3620
0=1.76 0=1.51
Mno.sCoo sFe04 2.42 2909 2860 2.80 6409 2493
Mno.sCro.sFe04 2.43 1053 2830 2.19 1423 3165
0.=3.28
Nio 5ZNo sF€204 2.1 1386 3298 0+—=2.063 2471 3376
0=1.51
Nio.sC0n.sF€04 3.12 4220 2243 3.69 3866 1883
Nio.sCro.sFe0s4 2.23 692 3126 2.14 250 3267
Zno sC0.sF€:04 262 2750 2657 2.16 2113 3210
Zno sCro sFe04 2.064 1225 3376 2.0 244 3478
Coo.sCro.sFe04 222 4224 3142 1.0420 8459 6666

CTAB ve EDTA kull an®ligonak ka@ihsgdelferdfheen C
nanopar-acéeklara lkial anadeakh§¢ dakigkInbermiet i
veril di3ao#dakiCITAB. kul | ané&liayroank ksaetnktéelzél e @ir
nanopar-acéjén yaklakék si mE€TABikk I banélE®Ra
sentezlenen &ti yon katkél e spinel ferrit nanopar

kérmézé noktal ar Keklinde verilen Beorik
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°r negdieq er i ser bg=2t. 06 R 8Kk tdreg reu reldeeedilgi.aBk é n 0 |
°zéglidnaperparamanyeti k d&P) dawvu Kartepuveaa n & li o
Yal - én, k2eOklbOd)e 4 ERTA kul | em@<?@il yao ra kk stekné le& | mi
nanopar-acéjén far kl éelda sdildn€rFeOi dpinelbferit E SR
nanopargdagrei e ny algi281 elarakalundu EDKA ile sentezlenen

°rnejin CTAB ile sentezlenen °rnejgnkine
dejerinin ve kKiddetin ise k¢-¢k ol duju gboz
CTAB EDTA
0.10
(b)

% CrFe O, | me
X
2
o 4 0.00
Bl nen s

4 [ Teori

s 4 -0.05

B L

8L

0 5 1 (5 . é - 4[1. - -0.10

H (kG)

kekBICTAB ve EDTA kull affieyam ak®skalt &zFen
nanopar-acéklara ait ESR sinyal

Ak ajkeki4«4 de CTAB ve EDTA kuP'i goal amakeéesént
spinel ferrit nanopar-aceéekl arrak santezleneB SR s i
°r negidien pakl ggx.e®&19 ol arak ethie EDTAdkul kek
sentezl enen °rnejgdaj eESRMi i niy-alkkkd gl dba ayr €
g°r ¢l mek tnentuner .- ianietropik g-d e | e déneysel ESR verilerinin

0 k u n mags283,0.21.88 vegr=1.48 olarakkaydedildi.But ¢yrar €l mal ar gen:

Iy seyreltil mik numunel erde g°r ¢l mektedi
Bu vyareéel mal ar , demir Iy gennl air ¥mrelna kaesgean  beot
pozi syonl®ryoomd aakiée nFae at fedil ebilir. EDTA |

sentezlenen ©°rnejinkine g°re rezonans al a

b¢yeéek Domwgwna ul akel deé
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CTAB EDTA

Siddet x 10°

o 2 4 0 2 4

H (kG)
kek 4ICTAB ve EDTA kull arfélyama k #£4 &ketl €z IFen
nanopar-acéklara ait ESR sinyal

CTAB ve EDTA kull an&li yroamk ks@nhd@deferitheen C
nanopar-acéklara ait ki ddetaduwumajdbetldsoanyet i Kk
veril disadka#&k@iondakatkelé spinel ferrit nan
sinyali g°r ¢ | mgedket]exRidfolaralBelirlertditkreekjbbl @ dde. EDT A
kull anéel aen@K'i yent eat &gl & spinel ferrit nar
ESR sinyalielde edildi Dar ESR sinyal lukdiamian yteetl rexlea
iyonlaré ile ilikkili olduju s®iyyemelat k &l.
FeOsspinelferr t nanopar-acéején SP °zellijinin CT
g°re olduk-a farkleée ol duju g°re¢ldeg. EDTA i
°rnejinkine g°re rezonangdedlean de&j eriizgve g
i se bldgpku g°zl endi
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CTAB EDTA

CuFe,O, 12

Siddet x 10°

0

N_
N

H (kG)
keki CTAB5ve EDTA kull alffeyanak#Hs kit ézFen
nanopar-acéklara ait ESR sinyal

kekieda@CaAAB ve EDTA kul | anR®&dZrfiayko ns ekngDiekzel | eén e
nanopar-acékl ar akaiat amiad d ¢lfai kbaddéédcg Imraeh ky ted dii
CTAB ve EDTA ile sentezlenen Nii y o n  kuauné&n@aBSR sinyderinden(mavi

- i tery birbirinebenzedavr seé&ig2kendi  CTAB kul l anél ar ak
NiIFeOs° r nej i no6aYBO&AKiull 4a.nél arak sentezébenen a
g°pg@ejerinin ve Kiddetin b¢gyeéegk, rezonans a
bulundu CTAB ve EDTA kull affélyamakk aD&kretl €z |
nanopar-aceéekl| ar a aiktérsménzéatkitdodamgeE R | anerky aldli
CTAB kull anél affakonektOprkd&re@mparre-Zanc €] én ESR
teor.i il e uyumEDTAIl wulj luamgelzd realgdspisekfarrite z | e n ¢
nanoparESRcsé@jneggymal i ni n dak Aéhtezlenerhumanendn|ESR
sinyaline go°re o tesb ledildh Y J mae k| ak toilfdujmaddes
kull aneéel ar a%i yhaarz ékdtakh@liné Zmumunenin ESR si |
Byl ece bu numuauge@eij ern Ine rage-R.(2qyd2.00 lpetkl).88

olarak elde edildi.
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CTAB EDTA

9.

NiFe,O,
[=
X
2
=)

7> Zn FezO A
0 2 3 0 5
H (kG)

kekiBICTAB ve EDTA kul |l affeelZz&i glons @t & 21 &én &)
nanopar-acéklara ait ESR sinyal

CTAB ve EDTA kull an&li yromk ks@unhid@deefecithen C
nanogpaadkl ara ai't Kiddeti n deékka kekidndyddet i k al
verildi. Hem CTAB hem de EDVAnNK kiDispinelé I a Fak

ferrit nanopar-acéjén genik ve asimetrik

sentezlene® r nejin CTAB ile sengeéejenieni ?Prwej Kr
be¢yék, rezonans alan ve -izgi geni kIl iJini
kobal't katkeleée ©°rneklerin ESR sinyalleri

(Raikher and Stepanov, 1994; Rozanberg vd., 2007; Rao vd., 2098p. n | ar ar as é |
di pol ar etkilekmeden dol aye, ma ngded ji &kr imo m
b¢yéek dejerl erde g°zlenmektedir.
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CTAB EDTA

0.15
(a)
U:C—’ 0.10 CoFe,O,
X
o 0.05
o
=
“r0.00 |
-0.05 |+
-0.10 - ' '
0 4 8 12
H (kG)
keki CTAB7ve EDTA kull alffeyanak#Hs kit ézFen
nanopar-acéklara ait ESR sinyal

kek BdelCZAB ve EDTA kul |l arfélyoama Kk asQspthez |ICairFe

ferrit nanopar-acékl ar a ait Ki dalkeaj ead ad é |
gor ¢l meHemt @TAB hem dEDTA kul | anél ar?aiky osne nkt aetzkl éel
CuFeOs s pi nel ferrit nanopar-aceéekl ar én ESR

gor ¢l mgkegeiri ndeki e jbii K mee takediebdik (Banean e
vd., 1999; Koksharov vd., 200G TABilesene z| enen ©°rnejin EDTA i
°rnejinkidepgegPnen ve -izgi geni klijinin b

k¢-¢k ol duju g°zlendi
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CTAB EDTA

0.05
0.02 (b)
= 0.00
= 10.00
» ;
5 -0.02
i)
=
> _0.04 1-0.05
-0.06
1 . 1 A L i 1 i 1 g _010
0 2 4 0 2 4
H (kG)

kekBICTAB ve EDTA kull arfélymamalk as@ietl €z ICairFe
nanopar-acéklara ait ESR sinyal

CTAB ve EDTA kull ané&lvaZ&ki ye an tkeaztb®eenl een QN
nanopar-acéklara ai'¢t Ki ddetkekil 499 d sk arfjaéndyae t |
verildi. CTAB ve EDTA oRNigsFetOa’nrén eajriarki ns eSS R zsl
kekil 4606 derilen NiFeOs s pi nel ferrit nanopar-acék ©
davranék s eQengliolarakZ&ky @enli kat kel @& numunel erir
yé¢zey aktif maddesi ve manyiedii kdeong-mhylaay
dejerl erinde ykaekdillodntiay o g °kd tOmeHinéo pCaurF-ea c €
ESRsingl i nde ¢- pi k olgdej agi28d.=2.94 ven149 a i t

ol arak el de edzknddial aBuk©° zelilmlkendiril mekt

paramanyetik faza atfedilmekted®hames vd., 200Radu vd., 2006
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(b) {10
-: 8
o Cu,.Ni, .Fe,O, 16
> ] 4
5 12
s 0
CUO.SznO.SFeZO4 1 _g
1-8
[ g .
10} ° g, J-10
4 i 6 n é i 41‘ n
H (kG)

kekOQICTAB ve EDTA kull afielZzZ@&i gknskntOe 2l én€n
nanopar-acéklara ait ESR sinyal

Ak aj kekila4.100@ CTAB ve EDTA kul | an?ilywamkk stekna I
CuFeOsnanopar -acéklara ait ESR sinyali g°r ¢l
gdej eri 2.14 i ken EDTA ile sentezlenen ©°
(0c=3.41 vega=2.08)tespit eddi. Bu numunede g°gagdeejneerni iyku k afra
kekil 4. 96da ol duju gibi zayeéef Tegahedmpla | pal
bok!l ukltmekial Féa yonl ar é, okiCdhednlabhdpot BE&t a
tipi f errit nanoa® ak o a@wérdsona Stareelk, 2013) Bu y¢zden
EDTA kullanélarak sentezlenen °rnejdn ESR
ve CP"i yonl aré araséndaki e lkeekktirlon4 2iy6hatol dear i @
katkeb@n&udédpepar -acéjén ESR sinyalinin teor

g°r ¢l mektedir.
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CTAB EDTA

Siddet x 10°

1.0
(b)
CuO_SCrO_SFe204
105
0.0
9.
1-05
9,
' - ' ' - - . - n A6
0 2 4 0 2 4

keki0CHAB ve

H (kG)

nanopar-aceéekl| ar a

ai t

ESR

EDTA kull afféeyamakateatezCeh

sinyal

kekilodé4. LTAB ve EDTA kenlCB'ary@Ina rkaaktQuee et eCz
nanopar -aceékl| aamra jaéritliaCEEIR oni nkyaatlkié | &

kobal't

0.6
0.4
0.2
0.0
-0.2
-0.4
-0.6
-0.8
-1.0

Siddet x 10°

keki

mazl emesi ne atfedil en

CTAB EDTA

numune

asi metrik

T

T

(@)

CuO_SCoo_SFeZO b

(b)

H (kG)

1LCHABL ve EDTA kul |l aid'elyanak et ez | en

nanopar-aceéekl ar a

58

ait

ESR

sinyal



CTAB ve EDTA kull ané&lvarC&ki ys an tkeaztlkeenl een Mn
nanopar - acekl| aikekil 4830 tdae kES]Rerittial nkyelaid d a4 . Me 4 .
12b06dé'i gon kat:@@ladopMaFeacékl ara ait yakl ack

sinyal:. ger ¢l mektedir. CPABorkukhadoel &r aMn
nanoparkelkdd®f@E&@nde verilen EDTA kull anél arak
gdej eri ve ~-1izgi kgefnakcdti jnea on ansh aalbanny ¢v e

ol dbeglirendi B¢gdek erilnr bi spebkil ek mesnucudae n Kk ay

ul akél deé

CTAB EDTA

(@)

.S(MO.S)FeZO4
Co
or

Siddet x 10°

H (kG)
keki2CH®BAB ve EDTA kull adgdfarnyakh kam®ez lée Mar
nanopar -acéklara ait ESR sinyal

keki3dée. CTAB ve EDTA kul PamBfftayak &ahkeétk
MnFeOsnanopar - acék | aka jvaridiaGeBeSdrhralsNifinyah i kat k é |
°rnekl erin nHESR gsinn kdCotkie yap-né skéantdkaenl € ©°r nek |
g°sternzldndij iBuw®°benzeN’vefCdiiny mredleatik @l & kinanopa
Mn?* iyonundan etkilermesidir (Bayrakdar vd., 2014; Cory vd., 1997.¢, zey akt i f
maddesCTAB ve EDTA kul | amé&heFe@h asepheznbher&h
ESRsinyallerinde anizotropik g-d ej er i eBlud e eg ceirll ceir. ¢i zel ge
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EDTA

Siddet x 10’

H (kG)
kekidCH®AB ve EDTA kull aft&@iffayak samkeétlee Ma
nanopar-acéklara ait ESR sinyal

CTABVeEDTA kull anél affiakos ek aOméantogphirEBeac ék ! a

ESR sinyalikekil 4146 de gd.&e&kr il | 4. 1406de @CaskeDd ] ¢ ¢
numunelerin ESR sinyallerin g e n e | davranéke kobalta atf:¢
©zel llupkdtee] eori ser lgpedef eeli akemombyry ¢k ol ar ak
CTAB EDTA
06} (a) (b) Hos
w04t " 104
= _ Ni, .Co, .Fe,O,
>
= 0.2+ 410.2
9 i )
=
- 0.0+ 10.0
-0.2+ 1-0.2
_0_4.|...|...|...|...|.. [T U U PP R R g 1 |
0 4 8 12 16 0 4 8 12 16
H (kG)

kekidCHBABL ve EDTA kull adfehanaka#kat ezNeh
nanopar-acéklara ait ESR sinyal
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kekil 4150 ilCTAB ve EDTA kul | arfélysma kNiBeQkwetl €z | e n
ZnFeOsnanopar-acéklara ai?ti yp3R k&vekygd EbeNni év e
nanopar-aceéekl ar én kekildidsatérdiak gE $ R | snie bboyoadickli & r. i
Crriyon katseheo@ZarFeaceékl|l aréen g@rmhal drak e nE SaR
zamandakekil 4.15a vekekil 415b 6de bu ©°rneklerin yakl akeée
sinyalleri elde edildi EDTA kul l anél ardakyosnenka®éhen Zi

nanopar-acéjén ESR sinyalinin siyah nokt al
sinyal. il e uyumlu ol duju sonucuna ul akél c
CTAB EDTA
6F 10
- (a) (b) 1g
4L : 1
- ! Ni, 5(M, 5)Fe,0, 16
= 2 Cr— 12
> i 2
+ O_
g | 0
2 5 12
= 2| d..
_ Zn, (M, )Fe,O, i
4L
- Cr— cee. 16
-6+ : 8
_ Teori
1 1 1 1 1 1 1 1 1 " 1 _-10
0 2 4 6 8 0 2 4 6 8

H (kG)

keki3CH®AB ve EDTA kull affeyam aka®k@dltezNiehe
ZnFeOsnanopar -acékllara ait ESR siny

CTAB ve EDTA kull akrehanaka#OkeCEizNemelatZineé |
ZnFeOsnanopar -aceéekl ar ak aijkékd &Rl vesldi. C¢'aybn e r i
katkeélée °rneklerin genel ESR s 6oryealénl er i b
Ztiyon kawvOsepiéneNi FeEerrit nanopar-acéjén |
g°r ¢l mekte veedebeelgH3ed,gm206383veg=1. 51 kKekl inde
Bu ¢- pi kispinebe bk &y realgtak bebrlendie s i
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CTAB EDTA

sl (a)
n 6—
= 4l
= 3f
S ol
9
ol
4l
6l
-8:| | .
0o 2 4

k asOkva€e z NeRen

kekiild CTAB ve EDTA kull afdéyan
k| ra ait ESR si

i yon Kk aiOkréd neo pZanrF-ea c é

a
a

kekiTodé. LTAB ve EDTA kul Fayeiharkak(eé @t eCx
nanopar-acéeklara ait g e nmikika jveedrai d gdii me tGeinki K
sinyallerinin manyetostatiKk etkilekim al;
kull anéel ar ak®isyeomt ekd tgda@lm®d oQE @ Fgedaec] éejréin s er b e
elektronung-d ej eri nden gok. k42 (&l aorl akp edg-de] eerdii | d
sert kobalt malzemesine atfedilen relativistik kuantetkisiyle i | i wkialbi | ece7J i
s 0 n u c u n gdRaikhleraamdSlemhrov, 1994; Rozenberg vd., 2003 v@a 2008)
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CTAB EDTA

0.12
0.04}(a) Co, Cr, .Fe,0, (b)
il ; 10.09
mg 0.02} 10.06
> il
$ 0.00} ]0-03
_"8 ]
2 10.00
-0.02}+
1-0.03
0.04| 1-0.06

0 4 8 12 16 0 4 8 12 16

H (kG)
keki n2CH®BAB.L ve EDTA kul |l affieyamakatealt ezCelR
nanopar-acéklara ait ESR sinyal

Yé¢zey aktif madde dest ekl ikekh4.18kekilt4.816 cha | se
akajveda |l en rXeBano BrokerlEBX spaktrometresil e °gid-ed leed er i
vereonans al amx adtezglge4 | 20 dde ver il

¢izel FdaAB. e EDTA kull anél amgdk]jseheerl gp

reeconans al an dejerl eri

Grup Sentezlenen " Rezonans
say Nanotozlar gdej e Alan

(Gauss)
EDTA C0.2Cro.sF€04 0.9417 7363
EDTA Cao.5Cro.sFe04 1.0420 6666
EDTA C0.6Cro.4F€04 1.7042 4115
1 EDTA C0.4Cro.6F€04 1.9500 3450
EDTA C.8Cro.2Fe04 1.9656 3517
EDTA CrFe04 2.0124 3470
CTAB(Y° nt § C0o.5Clo.sF€04 2.0490 3400
CTAB(Y° nt § Cao.5Clo.sFe04 2.2508 3095
EDTA CoFeOq4 4.06 1704
5 CTAB(Y®° nt g CoFeOq 2.7422 2550
CTAB(Y®° nt g CuFeOq 3.1890 2196
CTAB(Y®° nt g CoFeOq 3.5511 1970
CTAB(Y®° nt § CoFeO, 3.8533 1818
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keki8aeADTIA kul | aneél akCaie® +010,6820.4005006 veC o

08ve CTAB kul |l anél£LuwsmdOs(s¥enriteegrh eln)e nn &Croopar -
ESR sinyderi verildi. C?*i yon kat k é(Ca@«LCreFedeNkPl eh)EBR -

sinyallerinden C& i y on kat ke mg-dketjaerréi nant tdeekg: ar tt é
CoosCwsFeOs nan o p ar asanmet@l v ICrF4 na n o p a r simetokeGSR n

sinyallerinden bu numunelere gtd ej er | er i nin yakl akég ol ar ;
dejerine (~2.0023) Geankiekn E0S Rl usjiun iytedebshesi rti neidn
ve manyetostatik etkilexkim a%iayne@nyll ar & |3 xik
yapéda tetrahedr al b @.4CilosBetOh, a €@Cro e, | e K mi +
CoosCrosFe0s ve CaeCrodFeOss pi ne l ferritgdnednop are-i anci énk
yakodnduj u g°r ¢gddedlessBtCs weCFi konl aré araseéndal
baj viexi emekiatfedil en etkisil hei Wil atblk K lek @efdgmt wror

ul akél de

g-degeri
<t « (o] < [ee] (o] N D <
n D (o] © < (e)] ™ (o)} N~
S 2 4 = & 3 3 g L4
o ™M S ~— (@] o o o o
1 1 1 1 1 1 1
10
o] I C00.2cr0,8FeZO4
71 Co, .Cr,Fe,0,
< 8 - COO.SCUO 5Fezo4
A
%/ 5 _ C0,,Cr, ,Fe0O,
S 4T
=t
3+
2 /—\ Co, ,Cr,.Fe,0,
1
ol CrFe,0,
-1 [ 1 : 1 F 1 ; 1 4 1 i
0 6 8 10 12 14 16

H (kG)
kek i @8EDITA kul |l anél arCaife e&s010,68.20.406e006 veC 0
08)veCTAB kul |l aneéel asps@ussFefOe(nvtCenztleerm eln) roanopar -
ait ESRsinyaleri
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EDTA kull anél arCaHeOs s ent @EABNneknul | anél ar ak
CosCwsFels(Y° nt & MOFROs( keér mezé e ri0s(YYomtteenm 12)),,

CoFeOs(yekil ejri, -%Ppemme3¢] vieaCaFart eanc F 1 a
ESR sinyderi a K a jkekitl4dl90 alverild.,Bur ada ESR sinyallerinin
©zeldlikujeu g°r ¢l d¢eg. Kobalt katkelé °rnekl e
kobal't mal zemesine atfedil di .20494pinel férigr k1 é

nanopar-aceéekl|l ar é mengda]ji &«r |IEESIRI sd agrgleg eteralde lnt
b¢yeék ol ar alk¢ y bddd eujnedrui.n e sahliipt eraibkder

rastl anmaktader

g-degeri
< AN O 0] o] (o] ()] <t
g2 & & F & 8 8 5
& < ~ - © © 0 < <
[(o] ™ -~ ~— o o o o o
T T T T T T T

) /—\ CuFe,0,

Siddet (k.b.)

16

H (kG)
kekiloDEBTA kull anél ar e8kv es e@T AE | kewnlelna rColFaer a k
CoosCwsFels(Y° nt p@GOFEOs( keér mézeée ejri20sa(Y°Pmtem 2),
CoFeOs( a-€ék yekil ejrOs p¥Mmheem] B) , vE°QGOERS
nanopar-acéklara ait ESR sinyal

EDTA kul |l anél ar@kFed,&gx+d.0e @.2,0e4n066n0.6C008 ve 1.0)
nan ogpaadaitaESR sinyalleria k a jkekd #.200 dwerildi. C&i yon kat kél
nanopar-acéekl areéen farkl e dej erdéneldaedilenr i n as

rezonans lailninn dkegjlegekd o f e e rkbaligfeddd JCeFeOs
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nanop arhemen égnmem simetrik ESR sinyalindgrd e | @32.0124 olarak

bulundu.Cé'i yon katkél é ©°rnekler genel ol arak g
Coiyon kat keé guieftearié deer ta&rkt-maakt adér . Kat k e
ESR sinyall eri ve mezoskopi k faz sert kob
et kil eki mil diulfj e isloinwlciulnia var él deé

ESR -al ékmal ar é NPOI er i -1 n °neml i bil g

Nanopar-aceéeklar 1@enihad omiem ) eblortiBa dududalardpé k ¢ b © |
g° zI| ESReimyallerines ¢ per par amanyeti K SPR2 o Gelgds veirn)
olarak SPRsinyai ESR si nyal | er,iFNMR snyallednadnise daha dai K

olurlar SPR sinyall eri -izgidegemi elrii jniBlocha | t € z @
Bloembergen denklemn i n  mo t ihésaplaabitrkB °iyyllee b iark aie da m
denklemi | e analiz edilebilir. Mé k iBlaeimbesgéna n ma |
s°n¢gmilk erras el si metr.i g°z °n¢nde Bergdrundur
vd., 1997 Berger vd., 1998; Berger vd., 2000a; Berger vd., 2000b; Berger vd., 2001;

Yal -én, 2013) .

(H” +HF +D3,)D, 1
((H +Hr)2+D2H)Q(H - Hr)2+D2H)p

cy(H) = 4.3)

Burada,Dy =4, , H,=-W9)déeruyd¢lul anan dék manyeti k al

bu denkl em s¢perparamanyetik par-aceéekl ar

adl andér él ér
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g-degeri

< N © <t [se] foe] o » <
o D > © < o)) ™ > ~
S < = — @ 3 8 F g
© — o o o o o o
12+ .
e Co Cr, Fe,O, X
- o ] 2 " .
107 — == TQor
——

Siddet (k.b.)

4 (0¢]
.{o :
P Y S

0 2 4 6 8 10 12 14 16
H (kG)

kek i OEDITAR2 kul |l aneél arCake&¥00,68.20.406e006, 080
ve 1.0) nanopar-laicekl ara ait ESR

kekil42l6 de EDTA kul | an &Crafe®dx=60k020.4,2.9, @6 E8N Co
ve 1.0) nanopar - ac ékddaerjae akiati veedraizlodhia.n s k eald i
CoLreFeOsNP har i - v erin ESRmsinydllerindem elddl &libghdecr] e r i
artarken kobalt katké miktar éna bajdlée ol ar
Ayréca katkel e nanopargded ekkbdkizr.dld dtable z o nan s
i -erisi ndeCroaFeQsvelCadlrsFeOpmm anopar -aceéekl gr seér a
dej erd=@94i7neg=1. 0420 sahiptir. Genel ol ar ak
geni k|l iDaihaddrydéri.zol e edi | femd @°rieykotnr oknal takré |
ferritl erdebg¢-yigzkgided eltaldrohangittie per rne (~2. 002
-0k kggl-efler lofL£ndeOinCaon o p ar - gr@.R17&e GosCliosheOs
nanopar - gcléjo& 2i0-) i P hemde Cliie yno r@lyanréé andsaé bul u

gerektiji s dqMrijercvd.n2800Q.u | EBlke&k tdreon s pinl er i fe
I -inde iy izol e edi | mi kK ol mal e herbir
incelenebilmelidirK¢ - ¢gidej er | er i spinel ferol &€ ednbm
elektron spinlerine atfedll. Fer r it nanopar - actéakrl zeégnddaat k u a r
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ke¢bit-t adledu ket ki | exki mi ol arak i1 yi Imesiol e ed
uygun dur maktadeéer .

X Hr g-degeri
0 3470  2.0124
0.2 7363 0.9417
0.4 3450 1.95
8 0.5 6666 1.042|—
0.6 4115  1.7042 412.6
0.8 3517 1.9656 . -
¥l 1 2782 24914 124
g 42.2
S 6 — |
= ) ® <20 -~
< 1 )g)l.)
f 5| 418 8
= ] 80
(4]
= 41.6
8 |
L -
> 4 114
\ 4 1.2
er P ® |
Co Cr, Fe O 11.0
X 1-x 274 4
2 1 1 L 08

00 02 04 06 08 10
X (katki miktarr)

keki LEDITAR kul |l anél @xCaiel +010,68.20.40606, 0.8
ve 1.0) nanopar-acagklegaeal ari rezona

45Ti trekimli ¥rnek MAanaligiet ometr esi (VSM)

kekil 4.2-42% a CTAB vV e EDTA kull anél ar ak sen
nanopar-aceéekCmavidrCl k sofn@&@zéa alténda mékna
bajl é depijglodmil mMatngeitrn .zasyon ejrilerinin

sojutma (FC) ve séfér manyetik alan alteéen

sentezlenerCuwsZnosFeOs ( k e ki | A&Cro2F&®s( k evkni | o410 sFEes0O) N i

(kekil ofLrFEO( k eZlni | 04LrosFSNU( k eCloi | 4.29) spine
EDTA kull anéel arak sentezlenen aynéexOfrnekl
(keki |l ofr&Fals( k €kii | 4 05GoAReOs\ & e K | 4.25) spi

nanopar-acéeklarén FC ve ZFC Genglolarbkeartann d e i
sécakl ekmaaykitn ki nt @n alténda sojutma (FC)
sojut(m@d& C) ejrileriyle benz@TABdakulahamreéel @
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sentezlenen Crk@4( k e k Ra) 4s.p2i nel ferrit nanopar-aceée
| ogar i tmi k azEaDTeAk kguolsltaenréil raBrieai®y ( Isekidy z he R et
nanopar-acej] EG EFCil eri i se ¢stelEDTAz al ék
kul I anél ar alksZnsseerOf(ekzelkeBnle sp.iCuel ferrit nanop
vV e FC ejrileri I s e serglemeldedir | @TgAaB | k mi k a naéz!
sentezlenelCuwsCrosFeOs( k e k #al) 4s.p2 nel ferrit nanopar -
FC ejrileri artan sécakl ekl a birlikte °r
azal maktadér. CTAB GuslrlsFa0:+€ k @ k dak spideéfa@iite z | e n «
nanopar-ac@ekk?°spBpepkhihneéep~p@alRe woa@kbulumduar ak T
EDTA kul |l anél Mm&LisFesOr(nk eekzbblg nds.p2d nel ferrit
i-in ZFC ve FC ejrilerinin °nce ¢stel aza
g° sdti gGTAB kull aneél ar ak ss€msFegOz(l keenkebal) Mina2nop ar - a
°rnejinin ZFC ve FC ejril ebuumun AiyBD&claogar i
kull anél ar MisCogaQiekd¢ leibl¢ n4s.p2 nel ferrit nan
ve FC edasencaitamrsi nimelzB 5s &Ko akyl aexkétlapha( Tg° r ¢
CTAB kul l anél arsissFeOe(nkteekdd ¢ ndnm nNipar - acék ©
ZFC ve FC ejrileri | oBRTALt khiuk | azéal @xakg®s
NiosCrosFeOs( k e k2vbl) 4s.pi nel ferrit nanopar-acéfja
olarakazama kt.ad@TAB ve EDTA kul | a@rgHeds( kle ks é nt e

4.28) spinel ferrit nanopar-acéja ait ZFC v

o

artarken daha sonthogar i t mi k ol arak azal maktadeér.
sentezlenen ZCrosFeOs( k e k28)l mManopar - acéjén ZFC ve F
sécakl ] ep~CTHBMAB 5i8- iKn p~IBABE K olarak bulundd. Genel olarak

uygul anan al ark yleeflperlishecdumbygmunda «ipi nl er i
dejmie iT>Tgdur umunda i iommstgelegyrdh Mediinlseconucuna u
Pi k s é g dekrdmarjyatikfazdans ¢ per p a k famaggrey e tki ol ar ak b
engel | e meBloskidagcTerhperauje,ds) ( 1 | e kar é(cu \@s 14ma mal é
D¢ K¢ K manyeti Kk al an kull anél arak °1 -¢1 en
méknat @ésl anmanén maksi mum de] e)enig(Sasdarer me s i
vd, 2014) EDTA Kk uskntealanénlZaQrog-eOs( k e k2Bbl) 4n.anopar - ac
i -in CTAB Kkul | aneésCraffe®dk ke&2B8d e zdhhaneparZnaceée]
To@e artan wuygulanan alanla birli ktde, dg¢ K¢ K
CTAB ve EDTA kulénénLos€rbseeiOa kk ekt mdanopar - ac ek
ZFC ve FC ejrilerinde artan dgcakl ékla bir
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CTAB EDTA
(b)

0.0006

0.0005

0.0004

0.0003

—_ZFC .
0.0002

40.0001

0.017|
0 50 100 150 200 250 300 50 100 150 200 250 300
T (K)

1 1 L 1

kekid(a). 2CTAB ve (b) EDTA kxXDispireldeait ar ak s e
nanopar -(kcee-k@pamdZRC)s oj ut ma alt éndaémakhafas
bajl e deji ki mi

608 CTAB EDTA 44
o (a) (b) .
007 10.10
gu - Cu,Zn,Fe,0, 10.09
g 008 10.08
e —FC -
s 005} ——ZFC 10.07
- 10.06
o 10.0s
0.03 {0.04

0 50 100 150 200 250 300 50 100 150 200 250 300
T (K)

keki3d(@LTABve DEDTA kul | aneél apsanksFefOespirtele z|1 enen
ferrit nan(larmemam&kICdr &m]j ut ma alténda meée
sécakl eja bajlé deji ki mi
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CTAB EDTA

0.030 0.010
(a) (b) -
40.009
< 0.025L 1
2 10.008
o
- Cu0~5CI’0_5F6204 |
& 0020} 10.007
= —_— FC 40.006
| — Z7ZFC 1
0.015 10.005
40.004
0.010} ]
. L L L 10.003

0 50 100 150 200 250 300 _ 50 100 150 200 250 300
T (K)
k elkdi2d. (a) CTABve (D EDTA Kkul | anél aps@rksFeOspineléerit e nen

nanopar -(akceerk@pamdZ R C) soj ut ma al t ésnédcaa knhéekj naa
bajl e deji ki mi

CTAB EDTA
0.028 0.0112
(@) (b) -
410.0110
— 0.026 ]
D 40.0108
g Mn0_5C00_5F6204 ]
o 0.0241 410.0106
= — EC ]
= — 410.0104
0.022} ]
410.0102
0.020 0100

O R LIPS (I MO (RTINS P LA (N NN RN G S AN | 0
0 50 100 150 200 250 300 50 100 150 200 250 300
T (K)

kekid@CTABve DEDTA kul |l aneéel ansgwksFesOaspinee z| enen
ferrit nan(OkanrEmamekKICgdr &j ut ma alténda mé
sécakl eja bajlé deji ki mi
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CTAB EDTA

0.0068
. 10.0290
0.0067 00285
-~ 0.0066
5 _ 10.0280
g 0.0065 10.0275
g 0.0064 10.0270
0.0062 | 0.0280
- 10.0255
0.0061 P T P

0 50 100 150 200 250 300 50 100 150 200 250 300
T (K)

kekid(@€CTABve(DEDTA kul | anél arnsisFeespirtele z|1 enen
ferrit nan(lanmemam&kICdr &m] ut ma alténda meée
sécakl eja bajlée deji ki mi

CTAB EDTA
0.0045
10.0012
—~ 0.0040 10.0010
[ -
= ]
= 10.0008
€ 0.0035 :
2, 10.0006
E H
0.0030 10.0004
10.0002
0.0025 ] —

0 50 100 150 200 250 300 50 100 150 200 250 300
T (K)

keki2l (@QQ€TABve (DEDTA Kkul | aneéel ad¢s@okFedisspmel terzitl e nen
nanopar -(akceerk@GpamdZ R C) soj ut ma al t ésnédcaa knhéekj naa
bajl e deji ki mi

72



CTAB EDTA

0.030
(a) (b) {0.025
T 0.025¢ 10.020
5 |
GEJ 8361 Zno.scro.sFezo4 10.015
= — EG 410.010
0.015} — ZFC ]
10.005
0.010} 10.000

0 50 100 150 200 250 300 50 100 150 200 250 300
T (K)

keki2d (@Q)€TABve (bDEDTA kul | anél ags@rdeFedsspnelérilt e n e n
nanopar -(akceerk@pamdZ R C) soj ut ma al t ésnédcaa knhéekj naa
bajl e deji ki mi

CTAB EDTA

0.0050 0.0035
a b
0.0045 ( ) ( )
— 40.0030
2 0.0040
=
GE.) 0.0035 | COO.ScrO.5FeZO4 410.0025
= 0.0030} —_— FC 10.0020
—ZFC
0.0025
410.0015
0.0020 F
0.0015 0010

P BT (SR NN TN (RN T N PR PR (RPN MU | I (RTINS | 0
0 50 100 150 200 250 300 50 100 150 200 250 300
T(K)
keki2d (@Q€TABve (DEDTA kul | anél asps@rksFeOespineléerit e nen
nanopar -(akceerk@GpamdZ R C) soj ut ma al t ésnédcaa knhéekj naa
bajl e deji ki mi
Y¢ézey aktif madde dest ekl i hidrodegk glal S
sécakl| ekbharseam k| €] éna kadarzosrel-ayéeché baalzaén
doyum a)l,andckoyum méky atvées lkaal macsté )mMéEMepheebkn
kuantum dizayn titreki ml Oile®lderedithk k elldiB0y et 0 me t
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ke ki | 4. 33bdet gretr e zailane] rziodrelra yn@depérrileel | adne e
kull anél an gr af iyunpukoagkr a(meradyaoatr id)e miBoyrd be Kt i |
g° B € a ki ketiled.30kekil 4330 de verilen nanot onzgnaerr iik- i n
olarak¢i zel ge 4i. 36de veril
¢Cizel € AB. 3 e EDTA ehktezlerlempme ferdtn akotsoz | ar én 5
sécakl éejéndaki karakteristik manye
Sentezlenen Ms M;
nanotozlar HA(G)  H(C) (emu/gr) (emu/gr)
CrFe0Os 175.58 12819 0.1291 0.058
Cuo.sCro sFe04 43.45 8960 0.204 0.082
MnosCasFe0s  4025.5 15905.61 0.174 0.13
CTAB Clo.sZNo sF€04 125.41 13633 0.173 0.13
Mno.sCro.sF&0a4 0 23905 0.046 0.029
Nio.sCro.sF€04 225.33 24413 0.052 0.021
Co.5Cro.sF€04 5058.5 49697 0.261 0.098
Zno.sCro.sF&0;4 50.17 23470 0.245 0.112
CrFe0Os 210.04 23851 0.0142 0.0068
Cuwo.sCro.sFe04 358.69 19467 0.07 0.0267
MnosCaosFeOs 11237 23361 0.417 0.33461
EDTA CuwsZnosFe0s4 259.19 10616 0.75 0.489
Mno.sCro.sF€04 93.64 9008.46 0.2224 0.1648
Nio.sCrosF&04 0 9806.52 0.0211 0.0084
C.sCrosFe04 11220 40568 0.2507  0.1707
Zno.sCro.sF&04 57.69 9564 0.1555 0.0747
AK a] lkekila4d. 200 a ( a) CTAB ve (b)) senzdlehen Ck®s] aneéel a
(mavi)/CwsCrosFeOs ( k €r mée z &) spinel fecéerciakl e&hap ar
manyeti k histegepnagaejpui Pzearrid kal yeeagledoyeamnl ta n  ( F
al age (dbyum méekdhaveskahaeamdMmeédinrait léesrl iami n s
bajl é ged dtkivwvddr ( CTJAB ve EDTA kul |l a1 ar ak
(mavi) spinel ferrit nanopar-acék i-in a:
geni kl edi jdi. t@BAB t v e diEIDT Asentealeheh aGrtE®) ar a k
(mavi)/CwsCrosFeOs( k €r mé z &) spinel ferrit nanopar -
davranék sergilerken oda sécakl| épaferrd a SP

nan
Ayr
ol d
sSpi

éca,
ukil

nel

a

far kil
rch.

é

opar -aceéekl ar én
sécakl
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é k|l
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ferrit Hpvwved ] +ad e&dklilad j@a shdakpkl é
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4300a@gr afijin
g°d¢CTAB ve

ferrit

Hsd e] eninl3er0i akkdnd d¢kodai s@0 eKO y¢ ksek

belirlendi B® y | d o g um

kul |l ané

yakl akéek ol arak | ineer ol arak
spinel ferrit slaongoaprairt-naicke J @ | air-a kn
kull anéel ar akoCasta@uepi raknf €ur it
secakl ékla birlikte ¢stel ol
spinel ferrit

g°degl

53 CTAB (a)j N o j (b) EDTA

0.0 |-

CrFe,O,
Cu, Cr, .Fe,0,

M (emu/gr)

EDTA

al anénén

saiHkes méndal aar sBcakl ekl a
kKul | an edseerCakCrossegOndpirez | e nen

nanoparséaca&kll ak kba Fhinrglaizkatl ea oHdiar ak a

bi

dejerl e

s € c ak mékjedir. CKABv vet |l i

ar ak

|l ar ak Oafeenrt reiztl emamo gaazrfeedaacné ] £€ ¢ a ki Iné kM

@sCrdsFOsk e n C
aMt makt a
nazalanp ar - ac

ar@ar ken,

n@amiopay¢;kkseéekl aecakliaklIMar da

0.02
0.00
-0.02

] -0.04
14 0.09 ——+——+

CrFe,O,
Cu() Scr(! SFe?O~Z

H, (kG)

©
N

o
M, (emu/gr

o
[N}

0.1?J
Il Il 1 Il 1 1 1 1 1 1 ; L 1 L L 1 L 1 Il 1 Il
-10 -5 0 5 10 50 100 150 200 250 300 20 10 O 10 20 0 50 100 150 200 250 300
H (kG) T(K) H (kG) T(K)
kekid(a). 3CTAB ve (b)) EDTA ki(hamiyh €l ar ak s
CwsCrsFeOs( k er méz é) spinel ferrit nanopar-ac.:

manyetik

méknat éskamnwvmaskal EMe

EDTA

(sagthun

kul I anéfasfeOk (maviyCQuisZaczFe@sn e n
smarnalcéekémariem mwamré&p sécakl ekl ard
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(sols ¢t ynda bu ©°¢gHavkveMepral erHnin sécakl éj a
s¢tunda)kekl at.3l6de dv ETAB ve EDTA kull anél ar
MnosCa sFeO4/CuwsZnosFeOss pi nel ferrit nanopar-aceéekl a
manyeti k alana g°re yakl| ak&é&nel olarakrverilen s i me 1
°rnekler i-1in histerezis ejriler:i FM davr g
CwsZnosFeOsspi nel ferrit nanopar -acéjmektedda s éce
kekila6d4a3 CTAB kul | aMBokCatFe®s/CussBnnsfe®Ozspirein e n
ferrit a@khnhapai-aon od&KOygacalolj @juée nsdeacga k1 & k
e] minsart 6§ JEEDT A kul | anél ar akKnsFe@sndpiret |feerin e n C
nanopar-acéejé i-cd°mceséeaaklepk samtr ar kgl dr ke
sentezlenen MisCaosFe0O4s pi n e | ferrit chraarablpEg ré- abcedjiér |ie
CTABveEDTAKk ul | aneéel ar a ksCosfauseril reenle nf eMnr i t nano
azal an sécakl ekil ai mi g3t &it7é/aks EFABE0/E3.456 H

kG (EDTA)veHi - i n -21.37¥ k@(6TAB)/13.927.14 kG ( EDToA)d wajruas é
kekil 4.3b 6 de ger ¢l mektedir. Ayr éca CTAB ve
MnosCoosFeOss pi n e | ferrit:.dapenppanesxZngFaCempireluH
ferrit nanopar - acé]j.ehoe82hke (CHAB)OIRD.1IPeKGe r | er d
(EDTA)o | d u] wediltie spDTA kul | aneélogZma&d&Osspieaifertz | ener
nanopar - aaekam-sacakl ékla birl ukbedaht hee m
sonra logaritmik olarak azhlée ] € g° ¥gktdgkeéek ol arak 49.91
ol ukan bm daksamé&k manyeti k ol maflpm@) -1 nko
ge-i Ki ndedéjkéa ynarkd(@mmla- esrarBegdtdéen 210 d @dsme IHe r
MsMeJ rilerinin azalmaktsaédtteark Umkhlaabérzoklt ay
uygulanan mayetik alana daha kuvvetllarakb a joll &€ uj u t.€TARBvVeEDTAd i d i
kul | aneél ar akosCeneFe@/E€w¥nesheOns pMm el ferrit nanc
i -isveMe]TIrileri yaklakek ol arak séecakl éja |
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CTAB EDTA
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0 50 100150200250300
T(K)

Mn, Co, Fe O

0.5 05 274

Mn, .Co, Fe O
O8TTOS R4 Cu,.Zn, Fe,0O

05 274

o = N W »d 00O N

Cu,Zn, Fe,O,

5 5
3 3
0.15 § 5
0.12 = =
0.15 =
o )
0.12 3 o
£ £
0.09 & 3
0.06 = =
1 n 1 n Ll L L L L L L -0. FIRPU SPU TP RPN TP TP | L ! 1 1 1 1 1
-10 0 10 0 50 100 150 200 250 300 -40-30-20-10 0 10 20 30 0 50 100 150 200 250 300
H (kG) T (K) H (kG) T (K)

kekil(a). 3CTAB ve ) EDTA ksChsFegOn(@mdvidr ak s e
CwsZnosFeOs( k €r mé z &) inel ferrit nanopar-ac
manyeti k hi gsolegeundoe] adyEedogbgrdayinriné ( H
méknat éskhamnwmakal (EMé med&jnmit lesd amima ¢ &cakl é
sagfhun

kekil 4.320e CTAB Ve EDTA kul |l anelsEnsbelOs sent ¢
(mavi)/NiosCrosFeOs ( K ér m@ 2 @ ) | ferrit nanopar-acékl
manyeti k hi gsble ¢ eaa)n dv ee Klareiak tereigidsve Mre J r i | er i ni
sécakl ej a baj lsg dagneeridi.k i QT AB s&pul | anéel ar ak
MnosCrosFeOsve NigsCrosFeOss pi nel ferrit KR bdMpdavaaakk
sergilerken oda sécmbledtEPMAdak 8Pl daet anak s

NiosCrosFeOs s pi nel ferfeitsenawnemialre mPs edcakd &rké Kk
gostermektekulll @mnél &rTAK CodaQs eezNip£nsLes0s Mn

spinel ferrit nanopar - aca@&Krl az léaonvdeir(9d réozses il 3
g°sdi erBu -aprazlama °zellifji pozitif déek 1
anizotropiye atfeitldi. Bilindif5j.i czere nano °1 -ekl. |
gel mekte ve manyetik anizotropiyi akmakt a
spiny °r ¢ n-gle e(tXil exki miyle artarken, I ki kKut t
etkilenmektedir¢ apr az|l ama °zel | i 7] i goster aMaMshi st er
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( =R) Keklinde i1fade edilip buradda okesgsapl :

etkilekiminin varl ai éaemédlaneédil mam@Wamg, nvdr
oran&kn=2rm.5 ol mase et kil eki msi z nanopar -
g°stermektedir. R < 0.5 «kkarteéenda nanopar

baskén ol duju s°yl emokuk Ret>k i0 .ebkbidnai idsaeh ad
(Ahmed, 2010; Gharagozlou and Bayati, 2015 NiosCrosFeOs spinel ferrit

nanopar-acéeklara ait kal ecé l£ksfFedsspime R <
ferritlerde manyetostati k et ki bs€rgshe@ n bas

spinel f eacrékt in-arhno giaske- edtekjiilke Kk mesi ni n baskeé
CTAB EDTA
(a) o 0.2 — (b) 0.3
00| T7300K '\\ s
\ 5108 33&/ Jo2
\\ 0.4 g :g géoeso 0 50100
0.00 | \\ 10 ;’u 0.0} 1L §
- — H0.2 MnOSCrOSFe204 ;
003l MnOSCrOSFeZO‘1 B 3 5:CTosFe,0,
0sCrosF€,0, Joo 100
o N .t SO P H Y
0.05 - T=50K i
5 g 10
Eo.oo— d30 5
= lee =
005 | 122 *
t t t t t ———————+—+—++7 20 Hos _
0.05 | T=10K {005 & loz &
I g Jo.1 g
-4 0.04 S " =,
0.00 | Joos = 183 =
005 1 H\’\‘ o <
Ooo E_ 1 1 1 L 1 1 1 1 1 I-O.0 E
-100 ' -50 ’ 0 ' 50 ’ 100 50 100 150 200 250 300 -10 -5 0 5 0 50 100 150 200 250 300
H (kG) T (K) H (kG)
kekil(a) 3QTAB ve (b) EDTA ksCrhsFeOnraaviar ak s e
NiosCrosFeOs( k €r mézé) spinel ferrit InéGknlogradakaic
manyeti k hi gsolegeundoe] adyEedogbgrdayinmriné ( H
meknat éshamnwmakal (M é )nedxjnraltleesﬂlannlmra gMcakl e
(ssaidu

CTAB ve EDT A sektezlenemMi&iy seesOavie Nip sCrosFeO4spinel ferrit

nanopar - ag ekMsdMrejir-iilrerH nin sécakl2@de bajl é
késémda det aflT@&Bolivar EOTWe kiull d ia n&hsBesOa k s ent
ve NisCrosFeOss pi nel ferrit najhnoipair-azaekbaar séealk
¢ stel amatkenfEDKT A kul | anél araosFeOes spinad Zelrie n e n \
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nanopar - agcejkr iisd4i nsalbi t osGoeFe® dKABEDEA) ve Mn
NiosCrosFeOs(EDTA)s pi nel ferr it 4ed marstaan ascédkd kalre k I-

¢.stel ol ar asKrsFDa(CTAB)k e msreiH i s i azal an sécalk
azal mak ts£redeeiOsve NbaCrosFeOs (CTAB)s pi nel ferrit nant
i - i JejiM i azal an sécakl ekl a bi pCrpskelOeve | ogar |
NiosCrosFeOs (EDTA) s pi nel ferrit naeno@asr-akd &K laarb a

ol mayéep ner end & y.deh& s b0, (CTAB/EDTA) ve Nio.sCrosFe04
(CTAB)s pi nel ferrit nahnogpmal-anc éké @aaklieklna M i
ol arak | ineer biodrseOt(EXTA)G 2 $ eejriviirskie ns & cNai k |
bajéeémséz olarak sabit kaldéjée belirlendi

CTAB ve EDTA kul | an @sCrasFe®Dk (masi)}ZniCr£EeOe n e n C
(kérméezée) spinel ferrit nanopar-acékl ar eéeén
(sols ¢ d@an ve bu SHsMeveMe] ei Aeti Hin sécakl éj a
s ¢ Wa) a k a ki &ekih 4.330 @ verildi. CTAB ve EDTA kull aneéel ¢
C.sCrosFe04/ZnosCrosFe0s s pi n e | ferrit nanopar-aceéekl a
birlikte histerezis e(irGTABeveiERTAkk ubkeanel ada
sentezlenen GeCrosFeOs spinel fe r i t nanovpearri-laecné k $ eV a k | é k |
davranék sergilerken, CTAB Znvsroseaspinelk ul | an
ferrit nanopar-acékl ar d¢ K¢k sécakl ekl ar
sergil emekt edisrélceark.| eXy raércdaa kfi arbkilté n hi st er
alana g°re si metEDTAk wll ldaurkd laa réa kgCraseeO5 e z | e n «
spinel ferrit0 nkthbegp ahri- atceerkd mirs ajsahipbg i ni n ¢
ejriye dondkt ¢eBw dlrEH osCasdalk Isginelt territ Co

nanopar-acéjén en yiksek dFMB® ylef£igseelOC s er gi

spinel ferrit nanopar-acékl ar hi sterezis
g ° smeldedirler Manyetik hiser ezi s ejril erindeki geni kKl e
il e lgi | ol @aigruazd¢ @ynlae n%zall liir]. i gostere
sentezlenen GaCrsFeOss pi n el ferrit nanopar-acéj én

oraRmme< 0.5 ol aBakl besappanegé. ferritlerde
baskén olduju Bwn@eehbai wadel dEanyeti k ani
Manyeti k hiisdneldeedlens HeNlsMieljerri | ecaa Kk d frakid g | &

43%0asaj kéesd.md@aTABRrvéeé EDTA kul | @aGrgHe@r ak se

spinel ferrit nenpopai - aza&ak laamr sié-ciark | Bkl a
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4.6MikrodalgaSoj ur ma ¥zel l i kl er i Anal i zi

CTAB ve EDTA kul | an éQsainaCosFe@ MneCrokFe®e n Cr F

NiosCrosFeOs ve CasCrsFeOs nanot ozl arén poliakrilonit
ol ukturul ar ak hazeéerGQTaAmBMEEKD T A u nkwinl d laenréilmr ale
CoCrsFe04dCrFreOs nanot ozI|l arén Polianilin (PANI)

hazéerl anméumni kumuwraé Igar jisdodjau rknedksi£€l0 @4k.a3 v er i | d |
edilen spinel ferrit poli mer nanokompozi't
8218 GHz frekans araléjénda Anritsu MS2028
il e yapél de.

kekil 4. 34ad6da CT AtBzeRreA ChsCk sFdQsspineéférrd polarler s e

nanokompozitn 82 8 GHz frekans arméd(RjL§n pa kylare§ ema
dB ol arak tespit edi | di . EDTA+PAN kul | ané
spinel ferrit mianumno yanosnepnoaz | k a yib-&é nd enjier i 17.
dej er i-40 d olarak elde edildBu i Kk i dej er kar kél akt ér €
maddes.i kot édrainnb@amakadek!| ar € nl7 GHejfrekanma pi k

dej er t/vdBelarakd aha b¢y ¢k ol duju bulundu.

CTAB EDTA
0 (@) Co, ,Cr, ;Fe,0, (b) 0

RL (dB)

9 11 13 15 17 9 11 13 15 17
Frekans (GHz)

kekil(a). 3GTAB ve (b)) EDTA &QdsAe@n &1 ar ak s
nanotozlarén poliakrilonitril (PAN) 11 e ki
mi krodal ga sojur maseé@
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CTAB/ EDTA+PAN kul | an ékCagFa® spme fietrie golmern e n M
nanokompozitlerin 82 8 GHz frekans aral é&jénda yanser
4 . 3 5uvenlde Maksi mum yans élnva. 2 k aG/Hzé fdree kearnis (
EDTA+PAN kull anél arak sentezl ebbedBolasagi nel

belirlendi Bu n a kar Kén CTAB yézey aktif madd
nanopar-acéjén sojurmasé ise EDTA 1RKul |l ané
GHz fr ekansbOdBdjaédrai dgex ¢k ol duju g°zl endi

CTAB EDTA
o | (a) (b) ] °

RL (dB)

9 11 13 15 17 9 11 13 15 17
Frekans (GHz)

kekil( a) 3GTAB ve (b)) rebdnén MasChsFesOn €1 ar ak s

nanotozlarén poliakrilonitril (PAN) il e ki
mi krodal ga sojur masé@

kekil 4.366da CTAB+PAN oiCydaOaspigel farit polkmers e nt e z

nanokompozitin RIL kdéiek] evrel legriilk of ebizuekf-rae~k ans d

-40 dB ol arak tespit edildi. EDTA+PAN kul |l

spinel ferrit nanokompozi't iI17.2 GHz frekadns i mu m
dej eriShdBelarakeldeedildBur ada da EDTA y¢zey aktif

sentezlenen nanopar - acyekzledyrtd nmf smajdudrersa s eknuél
hazéerl anan nanopar-acéklarén sojurmaseéna

Ancak bu dur umun et ki sndan wmiyadeg gnaleegnenina k t i f
kompozispn undan kaynakl andée] é& dadGosFe@s:é€ ke kb mal
4. 34) ncaklbpadaadurum bur adaks ojdiemmdad ad &K | ¢y
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aktif maddel er i il e nanopar-acée&kidaremekbh
sonucuelde edildi

CTAB EDTA

RL (dB)

9 11 13 15 17 9 11 13 15 17

Frekans (GHz)

kekil(a). 3G.AB ve (b) EDTA ksCrhsFe®Onél ar ak s
nanotozlarén poliakrilonitril (PAN) il e ki
mi krodal ga soj ur masé@

CTAB/ EDTA+PAN k uezlénenn &jiCmsFesOk spirsele fertit polimer
nanokompozitlerin 8- 8 GHz frekans aral éj énda RL
go°r ¢l mektedir. Maksi mum yanséma kB30ylBe dej

olarak elde edildi.
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CTAB EDTA

o | (@) () | o
-10 -10

—~ 20 -20

m

B 30t -30

—

X 40 [ -40
50 | -50
60 i NIO_SCrO_sFezO4 1 60
-70 1 1 1 L 1 1 1 1 1 1 -70

9 11 13 15 17 9 11 13 15 17

Frekans (GHz)

kekil(a). 3CLAB ve (b) EDTA Jd&nkFfe@nél ar ak ¢
nanotozlarén poliakrilonitril (PAN) il e k.
mi krodal ga sojur maseé

kekil 4.386de CTAB/ EDTA+ P AMxusginelfdrriapolanera r a k s
nanokompozitlerin 822 8 GHz frekans aral éjénda RL de
yanséma kaybeée dejeri CTAB+PAN kull X&Wnél ar a
GHz fr ekans -70 d§ ddarak tespbie edildiB® y|l ece bur adaki

CoosCrosFeOs( kek.ild4) il e genel g°rgegme&kt@&s ehdai

ul akél de.
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CTAB EDTA

0 (b) | o
-10 | -in
—~ 20 20
m
B 30 4 -30
|
X -40 1 -40
-50 1 -50
-60 1 -60
-70 1 -70
9 11 13 15 17 9 11 13 15 17

Frekans (GHz)

kekil(a). 3TAB ve (b) EDTA kxXinlaamméloarl aak éxe
poliakrilonitril (PAN) ile kompozit ol ukt
Ssojur maseée

CTAB+PANI kul l anél ar ak s ensCtosfFeeCs spme rferritk e k i |
nanokompozitler i -in maksimum yanséma Kkay
44.14 dB i ken, EDTA+PANI kull anélarak sent
nanokompozt i -in maksi mum yanséma kayb-8 dejer
dB olarak elde edildBu numune i -in farkle PANIOalans
PAN et kisinden ayaréetka eajéec@&hGelnaedld liodéao lakr sk
ejrilferealars!| ar daki kaymal ar sojurucu mal :
spinel ferritlerin amektedindeBu gpedeérkem
pi kIl er i potansiyel ol ar ak °miedwr netamglat e y g lu d

syl eaenebili
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CTAB EDTA
a b
ok (@) Co,.Cr, Fe.0, (b) | 0
-10 41-10
o)
< 20t 1-20
-1
T 30t 1-30
-40 | 4-40
501 41-50
_60 1 1 1 1 1 1 1 1 ! _60
10 12 14 16 18 10 12 14 16 18

keki |(a). 3@TAB

nanotozl ar én

kekil

nanokompozitlerin 8- 8
ve 1®Bi KGHa e jf e reik a-84s35 dBeojarakrtaspit @dldBurada

de¢ K¢k

4. 40606da

vV e

frekans

da CesCrosFeOsmal z e me d e

PANI
farkl e

ay rreekctee

et ki sinden

ol duj u

Frekans (GHz)
(b)

Pol i ani
mi krodal ga

i n

ol duj u
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frekans!| ar da
° z etéspitiedildiol duj u

EDTA ksQrdsHe®sn
i

(PANI)
Sojur maseée

CTAB/ EDT A+ P A Nuspikeuférit palimé | ar a k
GHz

aral ejéenda

gi bi

.2 zfankksi
anl akél de.

Sojurmaneéen

Beyl ece

ol masé P /

él
e kompo

Nl N

yanseém



CTAB EDTA
ol (@ CrFe,O, ®) 1,

RL (dB)

10 12 14 16 18 10 12 14 16 18

_60 1 1 1 1 1 ! _60

Frekans (GHz)

keki |l (a€TABOe (b) EDTAKUl anél ar ak sOmtaemmdlt®@zdémr @mtF
Polianilin (PANI) ile kompozit olukturul.
Ssojur maseée

Mi krodal ga sojurma °I|l-¢m sonu-|laréndan g°©
mal zemel er geni K bpanhséamaal eaghéeadejygklsek
mal zemel er i -in el ektromanyetik uygul amal
gerelte giderici, ekranl ayécé mal zeme ol a

Ayréca bu sonu-1 ar a gzt numunelerin, dedektrenthnyétie n n a
u

sojurucul ar i -in i stenilen oranlarda ve
s°ylenebilir. Bazé I|iter aZmiFeOsRkanekl|l akt érnn
yanseéma kayb®7 die(Vezmai vdi, r2002~ev 2003), NisxZnos.

xM(Co,Cu,Mg)FeOs° r ne k| er i i -1 n yatMsR (Peng Vd.a30be de] ¢
NitxyZnyCoFeOs° r ne k1 er i i -1 n vy ad0dBagXead. R@Y)ME dej er
ZnFeOs° rnekl eri i -in yalbs®(hea vdka0y)bNeZnFa@4) er i n i
°rnekl eri i -in yarfse ndaB k(aLyibnea dved .e,r i 20 8 )~
Mi krodal ga Soj ur ma °l -¢m sonu-1|ar é i ter
karkél akteéeréldéekl arénda tez - al eklnaswerdiani
ol dukl arée g°r¢l mektedir (Shi mba vd., 201
Jazirehpour and Ebrahimi, 2015; Liu vd., 2015; Sutradhdr. |, 2015; S°zeri
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B¥L! M V

SONUC¢

Bu tez -alékmaseénda, (QTAEEDYA) hidtaternial sentezd d e d
y°nt emir eiyert gesils pi nel f erriéry anpaénsoapla,r - ma& @ K ¢ t
mikrodalgas o] ur ma °dzd lalytdediaiidrotermal sentezy ° nt iB,mi n

y ¢ ksek safl ekt a P ar -haoengokj eemll @ rkmheesilenedd @ 0 k u |

sent ez | elemnadenpifiodije@ms onucdiéna var él

NanokompozitlerinSEM, XRD ve FTI R gi bi tekni kl erl e
yapgé&lerrit nanopar-acékl aréeénnmBEMogltugerr st ¢ v

CuFeOss pi nel ferritlerin homoj eedlrlerndi SEM mor f ol
gor¢é¢nt gl erin€TABakkeudEpaRUaCurdkOs weeEDTA z 1| en e
kul |l anél ar aZkosCrssEefOf reazn cemmeernd iajc €k | aumunel er e ¢
b ¢y ¢thnecik v e k¢ mel enme neektadifler nBi u gho¢syteéekrl ¢ kt e
nanopar-aBGEMI ggrrrgnt gl er i mekani k ol ar ak i
karakteristik ©°zellijidikrmeNammeasrn - adkaklear
momentin hame o r.Zm&EDELsOst | p i spinel ferrit nano,

meknat ésl anmek Bweruk ¢ delkemmdiakt ippar - acékl ar ¢
bakel dddjFemadmopar -acéklaréen ke¢reseBunlakeki | de
arasEDBDdA k udklsanteBdnenrCok@s ve CasCrosFeOs spinel ferrit

nanopar-acéklar genel ol arak homopPmm bir
olarak bulunu.Te z - al & k ma s-BeOgnau munrceell eerniem sUpi nel y e

XRD sonu-laréeyla tespit edil di

NumunelerinFTIR spektu m| aprién ed demir ok silar aylagpjeesmecalk
Soj ur ma bandé tet mabed dyainl keasmeém aondaki en
titrexki merkek ZOK Zdmkakr ag eéljié nd ak i d¢kKéek sojurm
késéml arOdaki t rredieinml| & iy n bekrlendin 8T18H &nyalleri,
nanopar -daecn& krl aorkésni t iolan margetit KFe@s) vé rhaih efma 28 n (o
FeOs;) ayért adai k ubdits(@mué 2042)B° y | €ocCexFeOs (x=0.0,

0.5, 1.0)numunelerinFTIR sinyallerinderb as k én demi r vyetk(FeOt) f az én

ol depaucud@a var él
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Spinel ferrit nanokompozitlerin ES8inyallerio d a s é c a k | &if @Genrdiakzlga y d e
geni kKl ijJinsi sywdalilperESR n tetrahedr al ve 0
antiferromanyeti k et ki ludaikdnijtligezrtifveC® ki | i
i yon kat kel & sncapneorp adrle-fiakckéekt |ka rl ek ve @i iyanz al ér k
opar - atcoekkul ka renirclriad Segkd dnii le.iCod € 7 ekl i
i'yon kat kél é srperka marm! aad é¢kelra r®ah @ k Igdeurifeuk g ©1l ¢
g ° z |. MasfinbsFe0s (M=CU?*, Mn?*, Ni?*) nanokompozitltn ESR s pekt r uml a

kat kél & nan

manyetik olmayan Zii yon kat kel & di ESRsenyallesindendaha - a c é k
geniark bolunduNanopar -acék i-indeki ?bipifldrar ma
taraféndan keéeré#ivdyéepekdakhéelde ! agal o pndine-pagke ] ér
g° z| @mdiiy.on katkéelé& nanopar-acékllegea@gaspe
geni Kgdgjewleeri genik ve da’fveE&exomluat ayl
i | i kK ki ltespit edilddGeipelolarak, ESR sinyallerinin teor i | e uyum saj

sonucuna ul akeéel de.

En keogdekerl eri EDTA kul lo&nsfEdla (gll042)sve nt e z |
CooLCrogFeOs(g=0. 941 7) nanopar diaESR KRilyalerinini serbest k ay d
elektronung-d e er i ne g° r eantknypvegl®kr ekclleahmis @ mk b na gi say

t emel oitb.uktur abi |l

gde]j erbitalve spin manyeti k momenstsietemdenaka

moment umu yalnézca spin a- égdael] ema meinztout ntdoap

sayédealeri oRuOO2B]jer nanopar-acék i-indeki
yerl exktirilirservegdgdregnegrei eanne rBaikskia pkbd&yrao li d ra .
detrtiokk uk et ki | exki mi ndneonmednotllaeyréi sbpiirnbivrel noer b
sistemin manyeki momentiartarveg-d e j er i 2.0023 dejerinden |
etkilekmesindend o | ay é spin vV e orbital manyeti Kk |
y°nel i r manyetikonpnhentinz avegedre j er i 2. 0023 dejeri nde
t ez -al eRothasyoomdakat kel e spi neda Coblembr i t n
et ki Ineetkireotabile c e ] i sonuGotive@ ivao e | at kel & spi

nanopar - adefkleat @niiyorCo kat kha nRakeaaé&t adeéer
CmsCroFeOs, CwslrosFe0s ve CaeCrdeOs nanoparé-ngadejkd ralrer i

89



Sér aseylo00de.1.90850bupy °r ¢ ngelernseynelnltak €k eol ar ak
olarak hesaplah@8.u ° r neddeejreril-earninin 2. 002306den kg -

et kil ekimine adGreFeO:vael CasCrodegd:aamunedclogr i -in
dejerl eri séraséyla 0.9417 ve 1.0420 ol ar
etkil ekmesine ek ol ar alabilim kil kaantunvduramumak et ki

kuantum deni pkgglkeijtepy R er i ne s aéhoidpa nsaéncoapkalré-jaé
kuantum bilgisayar ve relativistik kuantum bilgisdgadak ul | anél abi | ece]J i

ul akél deé

Tez - al éxkmasea akkd peg aymdomad & € ysna n°slo-jeuniieleear i( al @
coolingFC)vwe al ans gzerofeld ¢oalingi& C) ol mak ¢zere i ki
alde@a&aDTA kul l aneéel MmLhsFesCasnpgierzd le nfeenr r it nanop
ve FC ejrileri ar as ém-dla3 5t ekK)si p smeEDTASaE ca k U
kul l anel ar ak osGogFe®@serzd rempeanr - 20 € k i -in CTAB
sentezlenen 3CrosFeOsn a n 0o p a r - appiles] éac agkPartae ugjolanan alanla
birlikte d¢k¢gk sécakl @kl ara dojru kayma ol

Di ftear af t an,l gkl X ¢ e s & dnaldkig360Kpahistereziif € ° | - ¢ ml er
sonu-| ar e K@aki gényetdzasyon derinin 300 Kd&aki manyetizasyon

dg eri nden d a hau tdspity eddi. Histerdzs | § rilerinden yola

-ékarakhesap!l a(g dgekeannrEsDTFA akluan anél ar ak S
CwsZnosFeOs s pi nel ferrihtarinanapdgre+actekm numune
sécakl| ektsae&rc alp prelp @ & zdaol mja bulgrtis EBT AT kul | aneél a
sentezlenen GuwZnosFeOss pi nel fecartansietc aikd ekl ld birl i kt e
bir dejere varéyor sonra | ogaritmik ol ara
dejerinde olukan bu maksi mum davranék man)
flop (SF) ge-i Kinden kaynadkdAaymr ceécjaé CsToArBu ckimlal a

sentezlenen MyxCrosFeOsve NiosCrosFeOss pi n e |l ferrit nanopar -
ejrilerinde 50 Ko6da il gi p-velri)r °°zzH Buiijk olge
- aplraama °zel | i 7] pozi t ksék margetokristal anyzetropiyk al a

atfedilebilir. ¢ apr az |l ama czet kiafkeéelczelnlainkid ez CP r ne
sécakl ehiéesntdearkeiz i s e fir Buerfianrdkel € g°°4 elnl i k
nanopar-aceéekl ar e teknolojik ekecibi kémemdKk k

Hi sterezis ejrilerinde en °nemli). Germer ametr

90



ol arak CTAB kul | anfhsBesOakp isneent efzd rernietn hCeor i
Czel li7Ji gesteren °rnekl er i rbelirldngdik GTRB koer s
kull anél ar akoCogaQs splienreen f@aoritin 50 K s
koersivite dejerini -grrkitte raneksiilng mimesibredd m i
bokl ukl ar &@iyenlakémé@oy¢ksekiormhalry at skorniusctu
vade@lAyréca CTAB kul lopagOnébs pknekenf ezt enedi

ferrit nanopar-aceéeklarla kéyasl andgj] énda

~

¢caprazlama °zelliji g°steamré Nhibesaptiasndeé]
Bu oran par - ateékelutekri |evkamdenjdanf @ kkaneéetl amak
(Wang, vd., 2008 . Kal écél=®2k. Soralnmaaén &Rt Ki | eki msi z
rastgele y°neldijini g°asteparkdecd@kilrar Ra <mé&
et kKiihbeaxkdgdmedhuj] unu g°stermektedi-trok RK >et0ki5] eI
etkin ol ma k t Ahmhezl,r 2010 Gharagozlou and Bayati, 2015 CrFeQsa,

Nio5CrosFe0s, CasCrosFeOss pi n e | ferridai hakRapacéebee&kloasl
olarak hesaplahéB®° y| e pe nel ferritlerde manyetostat
sonucurda&Mnys@rgseOs s pi nel ferrit nanema&ru-ka c é k

etkil ekmesinghr phdkén ol duj u

Ferrit na@ migradalgaa c g Ut ma ° | serpastl odanfiree-Space) n
y°ntkuril anéel de. Denekaid8ll | GHaAa ka rEaMISé j°&red d |
Ferrit polimer nanokompomektedrlerryanyé mab i k a EWDW
(RL,dB),( EDT A 8i218GHYy fr ekans 82dnBd & eanr aladéanfké dd,x ¢ |
kaydedildi. Spinel ferritlerin 88218 GHz fr ekans bandée aral €] én
dejerine sahim Spidekl!| dreeérgttke geswk Kk fre
elektromanyetik radyasyn snoaj kutra.dBu | & g rkompozterio - evr es el

dayanéemé y¢i¢ksek, genik bant aral éjéna sahi
gi deri ci (EMI') mal zeme ol arakiraskeri ve si
Sonu- ol ar ak, CTAB ve EDTA y¢zey aktif I
nanopar-askeée&t ar egnilvgeinl igdlvesktil rigni k cihazl ar
karakterizasyonub i | gi depol ama, kuant um bil gi say
bil gi saylagjlialreér itrekemokul | anél acak nitelikte

91



KAYN AKLAR

Agiotis, L., Theodorakosl., SamothrakitisS., Papazoglol$., Zergioti,l. and Raptis

Y . S Magnetit manipulation oSuperparamagnetic nanoparticles in a microfluidic
system for drug delivery applicatiamglournal of Magnetism and Magnetic Materials
401, 956964,2016.

Ahmad, R. , Gul , I . H. , Zarrar, M. , Anwar ,
electrical propdies of cadmium substituted cobalt ferrites ngaoticles for microwave
app!l i cdautnal of Magnetism and Magnetic Materiald05, 2835, 2016.

Ahmed,Y.M.Z,iSynt hesi s of ma nigtandaedsaav materials usinge f r o
cer ami c tCeranh Inti36, 868957,2010.

Albuquerque A.S., Ardisson J.D., MacedpW. A. A. , L-pezR®dL. , P
PersianpA. | . C. , AStructure and magniéerci tped,p
Journal of Magnetism and Magnetic Material226, 13791381,2001.

Al-Heniti, S.H., Umar, A., Zaki, H.M., Dar, G.N., Whamdi, A.A. and Kim, S.H.,

ASynt hesis and characterizations of ferri/
sensor a p journalc ch Nanasaieaceé and\Nanotechnologyl4, 37653770,

2014.

Al-Moayed, N.N., Afsar, M.N. Khan, U.A. Mc Cooey,&dOb ol , M., @A Nano
Microwave Complex Permeability and Permittivity Measurement by T/R Tecnique in
Wa v e g ulkEEE &rans. on Mag 44, 17681772, 2008.

Ander sson, D. A. Midng dnd Sofistoicheéoknetry i€ FERIT Cri ZnifiO

spinel compounds: densi tBhysfCaemcGhenoPhgsb, t heor
1555015564, 2013.

92



Arshak, K.I.,Ajina, A. andEgan,D.,i De v e | o p meTprintedgpélymser¢hiclefienn
planartransformerusingMiZz n f er r i t e &Ixroaeotnorel.32a1B8,2001. al 0,

Asl i bei ki, B., ANanostructural, mégiteetic ¢
nanop a rCuriet AppledPhysicd4, 16591664, 2014.

At ek ,REMUMet i |l benzilamin ile fonksiyonlandé
sent ezi ve karakteriz®sgbprpu, nY¥yksekt easgisal
Enst jDig¢ysag @ a3k2012.,

Atherton, N.M., Electron Spin Resonance Theory and Applicalmm Wiley and Sons
New York, 1973.

Atif, M., Hasanian, S. K. algdpreNaed eire farfite M. , 0
nanoparticl es: Ef f ect sSolafState @Qommunisationdd8, and p «
416421, 2006.

Balanis, C.A., Advanced Engineering Electromagneticslohn Wiley&Sons inc.,
3521388, United States of Americd,989.

Baykal, A. Kasapoj !l u, N. , Keseoj Il u, Y ¢
fi C T AaBsisted hydrothermal synthesis of NiBgand its magnetic characterizaton
Journal of Alloys and Compound464, 514518, 2008.

Bayrakdar, H. and Esmer, KCo hefOanedrystalst r i ¢
thin film over abroad fJownglofdpptiey Physecddgd,e (1 N
044102, 2010.

Bayrakdar,H., BaTiOs, NixZni.xFe0Os, CoZnixFeOs, MnZnixFeOs, CuNiixFeOs,
CwCorxFeOs ve CuMnixFeOs4 °rneklerinin elektromanyetikso J u r°pediklerinin
incelenmesi, DoktoraTe{,ocael i | ni ver si t e sKocaéliesnd7,Bi | i ml
2011a.

93



Bayrakdar, H. , ACompl ex permittivity, c¢omg
properties of ferrit eloupalofMéghetismampddbgpetie r ¢ o n
Materials3 23, 1882711885, 2011b.

Bayrakdar, H. ,propagatioa anthsoobm@poppeeyt difecritd polymer
nanocompositest r u ¢ tProgres® In Electromagnetics Research Rb, 269281,
2012.

Bayrakdar, H., Yal -é&n, O., Vural, S. and
structural, morphological and magnetic properties for Cu doped nanoscale spinel type
f e r r JowrrealsobMagnetism and Magnetic Material8 4 3, 8671 91, 2013.

Bayrakday H. , Yal -én, O., Cengi z, Uu., ¥z¢:m, S
effects and electroffe&ppnnekesboppacéeest ute:«
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscd@gg, 160 1 6 4 ,

2014.

Benzid, K., Muller, D., Turek, P.and Tribollét,i Spi n wave free spectr
field gradient of nanopatterned planes of ferromagnetic cobalt nanoparticles: key
properties for magnetic r eEuwkPhgsnkk B33, BAH sed (q
2015.

Berger, R. , Bi ssey, J. C. , KI'i ava, J. and
ferric i ons i n dddurnakof Magnetisrh ahd Magrete Materiglsl a s s 0,

167, 129135 1997.

Berger, R. , KI i ava, J ., Bi ssey, J. C. and
anneal ed i r on c¢ oJnRhgsi @onderns. Matet0a865885¢211308. s 0

Berger, R. Bissey, J.andKliava, J, fiLineshapes in magnetic resonance spectfa
Phys.: Condens. Matterl2, 934760, 2000a

94



Berger, R. Kliava, J. and Bissey, J.C. iMagnetic resonance of superparamagnetic
ironcontaining nanoparticles in annealed giadsAppl. Phys87, 73897396 2000b

Berger, R, Bissey, J.C.Kliava, J, Daubric, H.and Es t o u r ,niikesperat@e
dependence of superparamagnetic resonance of iron oxide nanogartldasnal of
Magnetism and Magnetic Material234, 535544, 2001

Berkowitz, A.E., Lahut, J.A., Meiklejohn, W.H., Skoda, R.E. and Wang,M. , A A Hi gt
Speed MagnéeBEEE GranB.oniMag erl®, 1796711803, 1982.

Boehme, C. and detegian ofspiKco hieEleeamcter PhpaRev. | i c on
Lett. 91, 246603, 2003.

Bozkurt, E, B a reteametilamonyuntu z | a r @enkén i HriRiétenimese Doktora Tezi,
Ondokuz Mayés | niversi,t eSamswem, Bs.l i21@7e3 3, E

Bozorth, R.M., Magnetic Properties of Metals and AllAs)erican Society for Metals,
U.SA, 1959.

Buschow K.HJ. and De Boer R., Physics of Magnetism And Magnetic Materials,
Kl uwer Acade meEwYoKWLOOU.i sher s

Bhi mani, Z. and Tll@gthssaesmalliaiylexiraySchtieringanalgsis e
onmaghemitena n o ¢ 0 mp lmasLukr Eribo] 49, 288290, 1997.

Brion, E. , MBIl mer , K .computirty wisheolieftiveansembles, fi Qu a |
of multilevel sy s t e PhgsORevLett. 99, 260501, 2007.

Cantor, B., Allen, Q\., Dunin-Burkowski, R , Gr een, M. H. , Hut chi n

K.A.Q., PetfordLong, AK., Schumacher, P., Sl oan, J. and
of nanoc oScripta Blateriadiagl4, 20552059, 2001.

95



Celinski, Z.,Urquhart, K.BandHe i nri ch, B., fiUsing ferromag
t he magnetic mo me n Josroaf of Maghetismtahd Magnétic | ms o,
Materials 166, 626, 1997.

Cory, DG., Fahmy, A.F. and Havel, F.. , AEnsembl e guantum
NMR s p e ctRroz.NatloArgdoSci. USA4, 16341639, 1997.

CokkunBaazignopar - aeatézkemanyetik °zelliklerinin belirlenmesi,

DoktoraTeziHac et t epe | ni ver si t eAnkaraFse ABOROID.i ml er i

Cullity, B.D. and Graham, O©., Introduction to Magnetic Materials, 2nd Edition,
Wiley&Sons Inc. Publication 2009.

ChenD.H.andHeX.R. , fASynthesis of nicigell fmethiotde®
Materials Research Bulletir86, 13691377, 2001.

Chen D., Chen D., Jiao X., ZhapY. and He M. , AHydr ot her mal Sy
characterization of o cRoaderelechnalbgy3ds,i24rkse,l f er r

2003.

Chen, N . and Gu, M .micrdwddle asopoh praperties) of e and
YTSubstituted NZnfe r r i Qpendaurnal of Metal2, 3741, 2012.

Chuang, I.L. and Yamamoto, Y., Simple quantum computed, Phys. Rev. A52
3489 3 4 PO85,

Chung, D. D. L. mtErfererce shieddm@ ¢factveness of Carbon
ma t e r Caabbns39,,279285, 2001.

¢ al ek kGamax eéBr.| &imyasal&ddiyokimyasal°rneklerdeol u k t userliest] u
radikalha s a r | dekt®ms@mrezonans ves m¢, | ay8 n © B rbeligehneesi ve

96



ant i oKk s iradikaimd saa &dermeocléns® n d ¢ etkiecingn incelenmesi, Doktora
TezbiAnkara | niver sit esi Ankagans. 4816,2006n!1 e r i Ensti

Da Silva, J.B. and Mohaie, N.DS . , APreparation of compos
di sper sed i nousal bf MagaetismandrMagnétic Material226230,
13931396, 2001.

Dar , M. A. , Maj i d, K., Naj ar , M. H. , Kot ne
characterization otfiosFe sxGdOs ferrite nandparticles as a potential candidate for
mi cr owave dev iMaterialagngDesigeba, 443468, 204.6.

Dauwen, J.M.A., Chiral Absorbing Structure, USA Patent, No: 5229773, 1993.

Deardol f , D. D. agndicrelrigematiosde n ¢ | D pTiDA Rrégfdss
Report4278, 4958, 1984.

De Biasi, E. , Ra mo s, C. A. and Zysler, R.
ferromagnetic resonance in dislamasofd mag
Magnetism and Magetic Materials2 6 2, 2351241, 2003.

El shahawya, A. M., Mahmouda, M. H., M&kh!l ouf
substitution on the structural and magnetic properties dfedie nanoparticles
synthesized by the microwaeo mb u s t i o nCeramécs hntechdational 41,
11264111271, 2015.

Esmer K. and Yeniyo] M. , A Traltage ehartacteristics and aging of sepiolite
oriented by Mar@alnietters3s, 44544% 198% ,

Faham, M., Shokroll ahi, HG.decoratenblycsnechpped G. ar

MniFerrite nanoparticles synthesized by coiprecipitation method for biomedical
ap p | i c Advanaed Materials ResearddR9, 274278, 2013.

97



Falcaroa, P., Riccoa, R., Yazdi, A., Imaz, |., Furukawac, S., Maspochb. D., Ameloot,
Rob., Evans, J.D. and Doonanf , c.J., AApplication o]
nanopart i cCoerdir@dOChentisiry Reviewd07, 237254, 2016.

Fang, J., Shama, N., Tung, L.D., Shin, E.
Wiley, J.B., Spinu,L . and Tang, 20sdpowder faliditated faom keveFse
mi cr oe mul s iJaumal gf AppliecePhysicd3, 74887485, 2003.

Forestier,T., Mornet,S., Daro, N., Nishihara, T., Mourl,S. , Tanaka, K. , F
Freysz, E.IF ajiilNtciesbomsondll) spidc r o s s ©here. Cammun.
36, 43279, 2008.

Forestier,T., Kaiba, A., Pechev, S., DenuR,, GuionneauP., Etrillard, C., DaroN.,
Freysz, E. TRmNa nlo@®taa rt d ,c [Téz)8]Bra3H20 [(NHAt(z N-H 2
2lamincl1.2.4triazole) prepared by the oalle technique: influence of particle and
coherentdomain sizesonsfnr 0 s s 0 v e r Chem. &yr.d.15¢ 611226130 2009.

Flaifel, M.H., Ahmad, S.H., Abdullah, M.H., Rasid, R., Shaari, A.H-Skleh, A.A. and
Appadu, S., APreparation, thermal, magnetic and microwave absorption properties of
thermoplastic natural rubber matrix impregnated with NizZn ferrite nanopagicles
Composites Science and Technologfy, 103108, 2014.

Fr°hD,i cthSpin or, Acatnutaul m yS tSaBmpii smtaiiaonsell, Qai n c a
1-60, 2007.

GharagozlouM. and BayatiR.,AiLow t emperature processing
of zinc f er r Buperlattices Miorpsauct?8i 100260 2@15.

GazeauF., Shilov, V., Bacri, J.CDubois, E., Gendron,F., Perzynski,R., Raikher, Yu.L.
and Stepanow . | . , AMagnetic resonance of nanopa
t her mof | uct udhMagmMagn. Matef. 202 535546) 1,999.

98



Gershenfeld,N. A . and C h u aspirgresondncedquanturit @ uripkut at i on o

Science275, 350356,1997.

Gorter, E . WhagnetidaBoa andrystalchenoistry offerrimagnetioox i d e s 0,

Philips Res. Rept9, 295298, 1954.

G¢nekgNFeMumanyeti k nanopar-acékhamgn| el dessi

Fen Bil i ml evalatyaEsn2g,200T. ¢ s ¢

Gu,S., HeW., ZhangM., Zhuang, T., Jin, Y., EIBidweihy., Mao,Y ., DickersonJ.H.,
Wagner, M.J., Torre, E.D. and Bennett, L.Hi} P h y sjustdiation for negative
remanentmagnetization inhomogeneousia n o0 p a r SdientificeRepbrts4, 6267,
2014.

Gubbala,S . and Misr a, R. D. K., AMagnetic behav

Part 2 Ef f ect o Matatialsl Scitnde @md orechnology.ondon 22, 84%851
2006.

Gu o, J ., Duan, Y., Liu, L., C h raicrowavd. . and
absorptionproperties of Carbonylron/Fe1Sis composites irgigahertzra n g &oornal

of Electromagnetic Analysis ané\pplications3, 140146, 2011.

Gupt a, S. C. , Agrawal , N. K. a baddthibisheet t any a
absorbers for BCI; X-;and Kuiba n dJsusnals of IETE 39, 197200, 1993.

Gupt a, E. and Yadav, Mr . R. R. , fagh&qgmetere Si m

Ci r c ulntermatona) Journal of Engineering Research & Technology (IJERT)
2, 25712576, 2013.

G ¢ r e 1 DesigB .andcharacterization ofelectromagneticwaveabsorbing structural

composites,Middle East Technical University Natural andipplied SciencesThe
Degree of Master of Scienc&nkara, s. 26, 2010.

99



G¢ t | R, Ghodwin H.A., editors.Spin Crossover in Transition Metal Compounds
[Tl 233, 234, 235. Berlin, Heidelberg, New Yo8pringer Verlag, 2004.

Ghasemi , A., Sepel 8k, V., L absorptionproperies d Mo r
of MniCaSndoped Bariunferritena n o p a r IEEECTlaresactions on Magneticgb,
24562459,2009

Ghodgaonkar. D.K.and Var adan, \Spade Measirémerd eof Complex
Permittivity and Complex Permeability of Magnetic Materials at Microwave
Fr e q u elkEE Teussoon Inst. and Meas39, 387394, 1990.

Gleiter, H. , mait ea MdeantedMatariaist, £7d481, 1992.

Hadjipanayis, & . , fA Nan o p h a s & Maga. Mdgn. iklater.206, t358801,
1999.

Harneit, W, i Ful | ereneil based el ect Phygsn Rev.pA65) quan
032322, 2002.

Hashim, M., Alimuddin, Shirsath, S.E., Kotnala, R.K., Mee®&., Kumar, S., Roy, A.,
Jotani a, R. B. , Bhatt, P?* substitution ¢huthe atnucturalR . A
dielectric and magnetic propertiesofiCud f er r i t e Joumal of pllaysand c | e s 0 .
Compoundsb73, 198204, 2013.

Hashimoto, O., Introduction to Wave Absorbgrikita Publication, Tokyo, 1997.

Hashimoto, O., Technologies & Applications of Wave AbsorbeZMC, Tokyo, 2003.

Heegn, H., Trinkl er , fdvmation andolids@atasyustere am, H. ,

calcination of anickel ferrite acetatepr e ¢ u rCeystal Research and Technolo@p,
255264, 2000.

100



Hochepied, J. P., Bonvill e, J . Fzinc fexrited Pil e
nanocrystal s: unusba magretec precp ea dodirmak af , Physical
Chemistry104, 905912, 2000.

Hoque, S. M., Hossain, Md. S., Choudhury, ¢
characterization of ZnE@snanoparticl es and i tMateriBls omedi
Letters162, 6063, 2016.

Hui, H.T. andMember, S., IEEE and Mirzaei,H., i T h e o rcaldulationadf the
magneticresonancdrequency of thelectron spin embeddednside asilicon host for
solidistatequantumco mp u t leee grans. Elec.Deb 8, 5121516, 2011.

Hwang, Y., @ Mngprometies ofdliZrierhts synthisized from waste iron
oxi de dateriald Leteenssd, 32773280, 2006.

| mamoA.] uCavi t yase® Biixollective magnetic dipole coupling: Spin
ensembles abybrid twollevelsy s t e PhgsoRevLett. 102, 083602, 2009.

IsfahaniM.J.N.,Isfahani,P.N.,Da Silva, K.L., Feldhoff, AandGe p e\, 86t r uct ur al
and magnetic properties of NiFeRIxO4 (x= 0, 0.1, 0.15) nanoparticles prepared via
sol 1T gel Caraentlit.87¢18051909, 2011.

Jazirehpour, M. and Ebrahi mi, S.A.S., nEf
percol ative and microwave absor @duinadof pr ope
Alloys and Compound§38, 188196, 2015.

Ji, X. Lu, M., réparatiorFandesearah onZtiielectrgmag@etic n P

wave absorbing coating with Coiferrite and Carbonyl Irorpa r t i Jddurea of,
Materials Science Research 111115, 2013.

101



Jiang, J.Z., Wynn, P., MBrup, S.evo@dénada, T
in mechanically milled nanostructured Zne p a r t i Nanostractured Materials
12(5), 737740, 1999.

Jiang, W., Yang, H.C., Yan S.Y., Horng, H.E., Hung,@., Chen, Y.C. and Hong, @.
APreparation and pr oper tpartieless withf narrsw pizer par a
di stributi on d.mdgnkdvagncMater2&st2l0B14, 00D4.

JonesJ. A.,Ai NMR Qu eomputatian: Acritical ev a | u aRoithechroPhys.48,
9091924, 2000.

Kalathi, J.T., Yamamoto,U., Schweizer, K.S., GrestG.S. and Kumar, S.K,,
A N a n o p difiusion iopolgmerna n o ¢ o mp BRL 112,438380]1, 2014.

Kal e, A., Gubbal a, S . behavibr oManscrystallineitkeD . K.
ferrite synthesized by theeversemicelle te ¢ h n i #purmalo of Magnetism and
Magnetic Materials277, 350358, 2004.

Kameya, H., Nakamura#]., Ukai, M. and Shimoyama, Yfii St udi es on el ec
resonance spectroscopy of biradical molecules contafii@® and>NiO moi et i es 0

Spec. Acta A M6ILBAIFILEDD!I . Spec.

Kami yama, S. , Okamot o, Kregulating dharaCieristios eof T. ,
magneticfluid activeda mp eEneargy Convers Managé3, 281287, 2002.

Kane, B.E.LA A s iblaisceadn nucl ear s piNaturgd93 a3B UM 7¢ o mp
1998.

Kartopu, G. and Y alApmicatjons OfMetal Naaolwire Arcagst i on a
Electrodeposited i®rderedPorousTemplates, Nicoleta Lupu (EdIjyTech, 2010.

102



Kaynar , M. B. , Met al HeEeréeri anlNasa®pae- &cekkasa
Kncel enmesi , Y ¢Hasceekt tleipseanijsni Veezis,i t es i Fen
Ankara,s. 3-37, 2007.

Kaynar, M. B. , Ferrit Tabanl é Nanokompozi
¥zelli klerininArakthka@d tnaes@Ee Droikv ogreai t Es 2 i
En st jAnkams,g 82,2014.

Kielpinski, D., Monroe,C. and WinelandD.J.,i Ar chi t ecture for a | a
guant um cNatoredult7e,r 06,7097 711, 2002.

Ki m, D. Y., Chung, YrC . Kang, microWave and K
absorbingproperty orferritevolumefraction in MnZnferritadrubberco mp o s ilBEE s , 0,
Transactions on Magnetic82, 555558, 1996.

Kittel C.,Kat € h al FiBz il jgii n & e G RXY34 5 kesnt cacthDBuk|

Koksharov, Yu.A., Gubin, S.P., KosobugsK.D., Yurkov, G.Yu., Pankratov, D.A.,
Ponomarenko, L.A., Mikheev, M.G., Beltran, M., Khodorkovsky, Y. and Tishin, A.M.,
AEl ectron paramagnet i c Tglass wans#tiondreironsogidec t r a
nanoparhhys.ReveB30012407(1P12407(4), 2000.

Koksharov, Yu.A., Pankratov, D.A., Gubin, S.P., Kosobudsky, I.D., Beltran, M.,
Khodor kovsky, Y. and Ti shin, A. M., NnEI ec
nanop arltAppt Phgss89 22982298, 2001.

Kosaka, H., Kiselev, A.A.Baron,F.A., Kim, KW.a n d Yabl onovitch, E.
factor engineeringin IV s emi conductors for Hegtmmt um c
Lett. 37, 464465,2001.

Kumar , V. , Pant , R. P. , Rana, A . and Ku mée

CobaltironNandA | | olgtern@tjonal Union of Radio Scienc€hicago, 2008.

103



Kumar,A. and Alegaonka?.S.,i P r o p e pih bath efgr cafp hlikem&n ocar bon o,
International Journal of Innovative Research in Science, Engineering and Technology
(JIRSET)3, 140497114055, 2014.

Kumar, H., SrivastavaR.C, Singh,J.P., Negi, P, Agrawal, H.M., Das, D. and Chae,

K.H. , AStructur al and magnetic study of
nanop a rJaurna of Magetism and Magnetic Materiald01, 1621, 2016.

Kunihiro, S., Superwide band wave absorber, USA Patent, No: 3623099, 1970.

Kurien, S,iAnanl ysi s of FTI R SpecDg SrALOsfand Na n o p ¢
NiAl2040 Shodhgangainflibne2010.

Kl encs8r, zZ. , Tol nai, tGy,. ,P.KorQsc&n, LJ.,, SM
Kuzmann, E. ACation distri bxdmikeO2 spiaeshd r el
nano p a rSolid $tdteeSsiencez4, 94100, 2013.

Lan, N. T. , Duong, N. P. and Hi en, éffed®. , Al n
on magnetic properties of coprecipitatedEe f er r i t e Joumal af pllayst i c | e s
and Compound$09, 59195925, 2011.

Langevin, P., fiMagnet iAsnalesdeGhimie bteloRhysiqgued e s ¢
5, 70127, 1905.

Lee, S.P., Cher¥.J., Ho, C.M., Chang, C.RndHo n g, Y.S., AA study
characterization of the coshell materials of MmZnFeO4p o | y a nNlateiials e 0 ,
Science and Engineering B43, 16, 2007.

Lian, L. X., Deng, L . J .electeomapnetid amdbsorpiion, A Mi

properties of NaFe14B/TFe nanocomposites in the 03B and 26.810 GHzra n g €s 0 ,
App. Phy 101, 09M520, 2007.

104



Lima, U.R., Nasar, M.C., Nasar, R.S., Rezende, Ma@d Ara% o , J .M. , i Ni
nanoferrite for radafabsorbing mate r i ddurdal of Magnetism and Magnetic
Materials 320, 16661670,2008.

Lin, M. , Zhao, Y. , Wang, S. , Liu, M. , Duan
advances in synthesis and surface modification of lantha@luiged upconversion
nanoparticles f or Biotechnaody Adeahces,plpslilis6l,at i on s
2012.

Liu, R, Yao, Z4 and Zhou, J ., nPr e
oxide/Nb.4Zno.4Cao 2Fe0s nanocomposites and their excellent microwave absorption
pr op e Cdramessiniernationadl, 1340913416, 2015.

Liying, H., Yumin, S., Lanhong) . and Shi kao, S. . ARecent
nanoparticles in synthesis, luminescence and biomeslitau d i e s : Jouanal ofe vi e wo
Rare Earths33, 791799, 2015.

Long, G.L. and Xiao,L . , AParal l el guantum computing
c 0 mp uPRhgsrRey. A9, 0523032004

Malhotra, S., Chitkara, M. and Sandhu,. S . , A Mbsarptienwwdy @& nano
synthesizedstrontium ferrite particles inx ba n dlaternational Journal of Signal
ProcessingImage Processing and Pattern Recognition, 8(10)12052015.

Mat sumot o, M. a nvehve Bbsoybardordgajningéarbonylfroh particies
surfacatreated with a couplingg e n fJourdal of the Magnetics Society of Japaz?,

885888, 1998.

Mayes, E. L., Microwave absorbing structure, Patent: EP 1258055 A1, 2002.

105



Meshram, M.R, Agrawal, N.K., Sinha, B. and Misra, PR8ac. of APSYM 2000at the
department of electronics, Cochin Unv. of Science and Technology, Cochinj222,18
618 December, 2000.

Mirzaei, H. and Hui, HT.A El ect r omganetic field contr ol
resonance frequency in silicon donors for deligteq u ant um c U BpNCt URGD ,
National Radio Science Meeting (APS/USNARSI), Spokane, USA, s. 1601604,

2011.

Mcgarvey, G. B. and Owen, D. G. , AContr ol 0 1
ni c k el Joureal af Mategais Science3, 3540, 198.

Mor admar d, H. , Shayest eh, S. F., Tohidi, P
magnetic and dielectric properties of ma g
Journal of Alloys and Compound§50, 116122, 2015.

Moussaoui, Hel.,, Mahfaud, T., Habouti, S., Maalam, Kl., Ali, M.B., Hamedoun, M.,
Mounkachi, o. , Masrour , R. , HI i |, E. K. an
properties of tin s piJoumnalofMagnetismtareddagdediqppo e d ma
Materials 405, 181186, 2016.

Munj al, S., Khare, N., Nehat eOsn@hoparticess Ko ul
with i mproved coll oi dal s t Jawnallof Magnetisror bi o
and Magnetic Materials404, 166169, 2016.

Murali, K.V.R.M., SinhaN., MaheshT. S., Levitt, M.H., Ramanathal{,V. and Kumar,

A, AiQuantumiinformation processing by nucl
implementation of halh d d e r and subtractor operati ons
sy st Phys Rev. A6, 0223132002

NadjiPerge, S., Frolov,S.M., Bakkers, E.P.A.M. and Kouwenhoven, L.P.,
ASparnbi t qubit i n a bBauedssdosdlody,20dd. nanowir e

106



Naito, Y., Electromagnetic Wave Absorber, Ohmsha, Tokyo, 1987.

Naito, Y. and Su e tfarikedodectkomagnefistapepblsarberandi o n 0 |
itsch ar act eEEE dransactois,on Microwave Theory and Techniqud®,
6572, 1971.

Naseri, M.G. and Saion, E.B., Crystalizatiorsinel ferrite nanoparticles, Advances in
Crystallization Processes, Mtai, Y. (Ed.)InTech, 2012.

Neel , L., Al nfl uence des fluctuati ons de
magnet i gu e dnnales de Physiqu§8s501932.

Neel, L., AProprietes magnetiques de&s ferr
Annales de Physiqu8, 137, 1948.

Noginov, M.M., Noginova, N., Amponsah, O., Bah, R., Rakhimovail Atsarkin,
V. A., AfMagnetic resonance in iron oxide n
s i zJeudnal of Magnetism and Magnetic Material320, 22282232, 2008.

O'Handley, R.C.Modern Magnetic Materialdohn Wiley&Sonsinc., 25170, 178250,
New York,200Q

Ok ada, M. and Matsumot o, T.,ASynthesis an
use in dent al a n dJaparestDeata Scierce Rdviewl,a88950 n s 0,
2015

Ozin, G.A., ANanochemistry: Advanudd Ma&esialss i n d
4, 613649, 1992.

Panda, J. and Nat h, T. K., Al nvestigati
C0.65ZN0.3F€04/pIS i heterostruct uAlR Cofhfo Proc s1pl2,nt r oni
11201121, 2013.

107



Parkin, S.S.P., Hayas hidomaiWwvall racetckiielmomay ,, L.
Science320, 190194, 2008.

Peng, C.H., Hwang, C.C., Wan, J., Tsai, &&dCh e n, S. Y. Jabsdibihg cr owa
characteristics forthe composites of thermaiplastic Polyurethane(TPWonded
Nizniferrites prepared bycombustion synthesis method,Materials Science and
Engineering B117, 2736, 2005.

Prasad S. and Quatic btidiesy & nahbsiZed nickeh féfrateg particles
synthesized by t he doutnalafAlleys grnd Gompoursl®3, t ec hr
8792, 1998.

Praveena, K. and S apdpartesofZnEubstitutéphe ferritesma gn et
for high frequencyap p | i c alttdrnatiorsloJpurnal of Scientific and Research
Publications5, 1121, 2015.

Rabl, P., DeMille, D., Doyle, J.M., Lukimh).D., SchoelkopfR.J. andZoller, P., iHybrid
Quantum Processors: molecular ensembles as quantum memory fata@lidircuits,
Phys. RevLett. 97,033003,2006

Radu, L., Caruntu, D., White, M., Wiley, J . , O 6 CJd.ramdoHanson, P.,
ALi glaenpdendent changes i n the Sadh&ech®f magn
279282, 2006.

Raghasudha, M., RavinderD. and Veerasomaiah, P.AChar acteri zat.i
nanol structured magnesi umi chromi um ferri
combust i oAdv.MattLéttald2), 910916, 2013.

Raikher, Y.L. and Stepanow.l., i Fer r omagnet i c resonance
singldd o ma i n pRhystRew B0 62906359, 1994.

108



Ramankut hy, cC. G. and Sugunan, S., ASurf a
ferrospinels of nickel, cobalt aApplecxopper
Catalysis A: Generaf18, 3951, 2001.

Ramimoghadam, D., Bagheri, S. arta mi d , S.B. A., AProgress
synthesi s of magnet i ournarobMagnetisnm ahe@ Magretico p a r t
Materials 368, 207229, 2014.

Rana, S., Rawat , J Imiceobia activé compmsite nenogrtidtes , n A
with magnetic core and photocatalytic shell: iliFeOsbi o mat er i Acta sy st €
Biomaterialial, 691703, 2005.

Rana, S Rawat , J ., Sorrenson, M. and \Y
Nd**idoped anatastitanidcoated nickel ferrite composite nanoparticles: A biomaterial
s y s t Acta Biomaterialia2, 421432, 2006.

Rana, S. , Gall o, A, Srivatsava, R. S. al
nanocrystalline ferrites as a magnetic carrier for drubively: Functionalization,
conjugation and ActaBigmateraliag a3d212, R00OM et i ¢ s 0,

Rao, S.S., Padmanabhan, B., Elizabeth, S., Bhat, H.L. and BhatiSWa gnet i c,
electron magnetic resonance and optical studiesggPBrsMNnOsnanoparJti cl es o
Phys. D: Appl. Phys41, 155011155019, 2008.

Rashdan, S., Roselin, L.S., Selvin, R., Ler
for biomedical applications: c Biomaterrals st at
and Medical Tibology 11132, 2013.

Rasheeda, S., Aziza, H.S., Khan, R.A., Khan, A.M., Rahim, A., Nisar, J., Shah, S.M,

l gbal, F. and K hi@udpping onRtructurafj &efctfical artd magheticL i
properties of ¢ ob &dramicd Itarnaional 42, 366H36R2p2a16.t | c | e s

109



Ravi, S., Karthikeyan, A., Nesakumari, N.A., Pugazhvadivu, K.S. and Tamilarasan, K.,
AMagnetoresistance in sil i conCuteatdAgplled f er r i 1
Physicsl4, 259263, 2014.

Rawat, J., Rana, S., Soses 0 n , M. M. and Micsobia activigy.oD . K. |,
doped anatase titania coat e dMatariScikilechnolf er r i t
London 23, 97102, 2007a.

Rawat , J ., Rana, S., Srivatsava, R. S. an
composite nanoparticles consisting of titania photocatalytic shell and nickel ferrite
ma g n e t i Materaks Sceelice and Engineering €7, 540545, 200b.

Razzitte, A. C. | Fano, W. G. and Jacobo, S. E. , nE
ferritep ol y mer ¢ @hygica B3b4t 228231, 2004.

Reddy, K. M. , Satyanarayana, L., Manor ama,
study of the gas sensing behavior of estructured nickel ferrite synthesized by

hydr ot her mal and r e v daterials Researeh | Bulletin3®,e c hni q
149111498, 2004.

Rinkevich, A.B., Korolev, A.V., Samoylovich, M.l., Klescheva, S.M. and Perov, D.V.,
AMagnetic pr operited mased enf opain matrioes avithp emnbedded
ferritels pi n e | n a Jdaumad oft Magnktisns and Magnetic Materials399,
216220, 2016.

RocchiccioiDel t chef f, C., Frank, R., Cabuil , V.
interactions at thesurfactafima gnet i ¢ i r on Jaumal dfeChemistty e r f a c ¢
Researclb, 126127, 1987.

RozenbergE., Shames, A.l., Jung, G., Mukovsk¥ia.M., Sominski,E., GedankenA.

and Lee, CE,AiMagneti c inhomogeneities in cryst
Lap.Ca3aMnO3z: E SR pRhysbStan $ob (244, 45544557, 2007.

110



Sahoo, B., Devi, K.S.P., Dutta,S., Maiti, T.K., Pramanik,P . and Dhar a,
Biocompatible mesoporous silic@ated superparamagnetic manganeseferrite
nanoparticles for targeted drug delivery and MR imagingapplicatiqimurnal of

Colloid and Interface Sciencd31, 3141, 2014.

Salunkhe, A.B., Khot, V.M., Phadatare, M.R., ThpMD., Joshi, R.S., Yadav, H.M. and
Pawar , S. H. , ALow temperature combustion
of CdMn n a n o fJeurnal ioft Magneétism and Magnetic Material852, 9198,

2014.

Sanchez, c. , Juli 8n, 1B.,M.Bel i Apjbideat iFRo.n
organidinorganicna n o ¢ 0 mp & Mater. €lseiml5, 35593592, 2005.

S8nchez, WWuDntelLapeM. A. IPRnecds, A., GamazHs
A.J., Ramo s, C. A. , Zysl er, R tidd .and &lectton Ri b e i
paramagnetic resonance of Co cloursatdr s e mlt
Physics: Condensed Mattdrl, 56435654, 1999.

SankaranarayanarV.K. and SreekumarC. , APrecursor synt hesi

processing of nickel ferrite napoa r t iCartert Applied Physic8, 205208, 2003.

Sardar,D., Neogi, S.K., Bandyopadhyay, S., Satpati, B., J&n, Gopinath, C.S. and
Bala, T,AA facil e met hod TtoceAusthied | s yaNdwddyibs i dbD
Chem.38, 41074114,2014.

S2i landAnk.ti V., NSt udi especuanReffeptigtiesudf Radar a nd
Absorbing Materials (RAM)R3AIits SudmibSBdp onrett r @
59, 2003.

Saito, A. , Ogawa, M. , Tsutsui, K., Endo,
electromagnetiavaveabsorberubbersh e eMateria Japan38, 4648, 1999.

111



Sepelak V., Menzal M., Bergman |., Wiebcke M., Krumeich F. and BeckerK.D.,
AStructur al and magnetic properties of n
Journal of Magnetism and Magnetic Material272, 16161618, 2004.

Singhal, S., Singh, J., Bart hwaharhcteriz&onK. anc
of nanosizenickelisubstitutedcobaltferrites (Ca : NixFeOs) Splid State Chem178,
31833189, 2005.

S°ree, H. , Gen -, F.., P nal |, B. , Baykal, A.
microwave properties of Mo substituted NZnogxFeOsn a n o p a rJouinal bfe s o,
Alloys and Compound§60, 324335, 2016.

Sun, X.1G., Gao, M., Li, C. and Wu, Y., MicrowavAbsorption Characteristics of
Carbon Nanotubes, Carbon NanotuBgsmthesis, Characterization, Applications, Dr.
Siva Yellampalli (Ed.)InTech, 2011.

Sunkar a, B. and Misra, R. D. K., fldoped a nc e d
titanidc oat ed ni ckel ferrite composi tActananonp:
Biomater.4, 273283, 2008.

Sutradhar, S., Das, S., Roychowdhury, AL,
property, M ssbauer spectr osc opyhendta d mi c
nanopariFeOgl essnc(apsul at ed i Matertals IStieoce anda n ot u

Engineering B196, 4452, 2015.

Shames, A.l, Rozenberd;., Gorodetsky,G., Arsenov, A.A., Shulyatev, D.A.,
Mukovskii, Ya. M., G e HextrohmagnetiaoeSananestudiesd? a n g , (
magneticinhomogeneitiesn crystalline and nanosizedpowdersof La; 1 SkMnOz0 J.

Appl. Phys91, 79297931, 2002.

112


http://scitation.aip.org/content/aip/journal/jap/91/10/10.1063/1.1446129
http://scitation.aip.org/content/aip/journal/jap/91/10/10.1063/1.1446129

Shenhui, J. Ding, DandQu an x i ng, J ., AMeasur ement of e
materi al s using transmission Asia-Rasific | ect i

Conference on Environmental Elecromagnetics CEEMov. 47, 590595, 2003.

Shenoy, S.DJ oy, P. A. and Anant har aman, M. R. , A E
structural, magnetic and dielectric prope
Journal of Magnetism and Magnetic Material269, 217226, 2004.

Shi Y., Ding J., Liu X. andWa ng J .20 ulfrafirie Fparticles prepared by
copreci pitati on/ ndeucnhl afiMiagnetism aad Magngtic Magedals
205, 249254, 1999.

Shim H., Lee S., Park J. H., Han S.J., Je
ferrimagnetic and angfromagnetic ordering in Haverted zinc ferrite investigated by
N MR &hysical Review B3, 064404, 2006.

Shi mba, K., Furut a, K., Mor i mot o, N. , Te
absorption properties of polymer modified NiiZn ferrite na n o p a r Materihlse s 0 ,
Transactions52, 740745, 2011.

Shi mba, K., Tezuka, N . and Sugi mot o, S. ,
properties of polymer composites with amorphousBAdiiZn f err it e nanop
Materials Science and Engineering B77, 251256, 2012.

Skoog, D.A., Holler, F.J. and Crouch, S.R., Principles of Instrumental Analysis, 6th Ed.
Thomson, Belmont, California, 2007.

Steane, A., AQu ReptPuom Prg®Inpluly3 1898.0 ,

Tanasoi u, c. , APreparation and magnetic p
mi cropowders obt ai ne dMagneticse lEEEeTradsactionsi?e t mi |
9801982, 1976.

113



Tartaj, P., Morales, M. P., Veintimill@gerdaguer, S., Gonzal&zarrero, T. and Serna,
c. ., AThe preparation of magneti cJauraahopar ti
of Appied Physic86, 182197, 2003.

Teker eKaMn8izak a kK € memoéma r - mangekklveya p a°zdlikleri,
Y¢é¢ksek LiAskamaisniTeen sitesi F e pAnkara,ls.i3Bn 2067 | Ens

Tomb8cz, E., Turcu, R., Socoliuc, V. and \
Recent trends in design and synBiothenscals of n
and BiophysicalResearch Communicationd68, 442453, 2015.

Thiele, S., BalestroF., Ballou,R., Klyatskaya, S., RubeM. and Wernsdorfer\v.,
AEl ectrically driven nAnuccll eecaur! es Poeampddéet ssoon, a n
11351138,2014.

Tribollet, J,AiHy br i d paramagnetici ferromagnetic q
el ectron spin arrays abourdPhys. JfB87r 187 Madgnet i ¢

Tsay,C-Y., Lin,Y.-H.and Jen, SU.,A Magneti c, magnetostrictiwv
properties omanganese substituted cobalt ferat€deram. Int.41,55315536,2015.

Tsuji, M. , Kodama, T. , Yoshi da, T. , Kitay
CO2methanatioractivity of anultrafine Ni(ll) ferriteca t a | Jgusnal of Catalysisl64,
315321,1996.

Umut, E, Magnetikna n o p a r - anageekidzalikl&inve spindi nami J i , Dokt
TeziHacettepe | niver sit eAnkaraFseldia1B,i2012. ml er i En
Upadhyay, C., Verma, HGndAn an d S. , ACation dZnstri bu

f er r Jourrelso® Applied Physic®5, 57465751, 2004.

114



Venkatasubramani an, R. , Srivastava, R. S.
antimicrobial and photocatalytic activity in titania encapsulated composite nanoparticles
with different dopah sMaterials Science and Technologyondon 24, 589595, 2008.

Verma, R.G. MendirattaGoel, T.C. and DubeD.C., i Mi ¢ r ctudéesy @strontium
ferritebasedab s o r hl.eEtestroceramics8, 203208, 2002.

Verma, A., Saxena, AKandDu b e , D. C. ,permithilitycandpenreabity of
ferritd @ymerthick fi | m»3®uwnal of Magnetism and Magnetic Material263, 228
234, 2003.

Vrijen, R., YablonovitchE., Wang,K., Jiang,H.W., BalandinA., Roychowdhury, V.
andDiVincenzo, TM.D,fiEl ect ronl spi niresonance transi s
siliconl ger man iothys. Rey.tAR2,10023806,200@.t ur e s

Wang, Z.L., Liu,Y. and ZhangZ., Handbook of Nanophase and Nanostructured
Materials, Materials Systermrend Applications |, vol. lll, Kluwer Academid®lenum
Publishers USA, 2003.

Wan g, J. ., Chen, Q. w, Z e nfigldlind@cedgramthdof Ho u
singleicrystalline FeOsna n o w i Adveiscéd,Materialsl6, 137140, 2004.

Warren, W. S.,AThe usef ul rSeiense270 1688AIIR g u a nt
1997.

Wei s s, P., fALa variation duCdmptesRendusdes et i s
Sceances de | 6Acld3] E3p1189, 1®@6s Sci ences

Wertz, J.EandBolton, J.R., Electron Spin Resonance Elementary Theory and Practical
Applications,Mc-Graw-Hill , New York, 1973.

115



Wesenberg].H., Ardavan, A., Briggs, G.A.D., Mortod.J.L., Schoelkopf, R.J., Schuster,
D. I . and®&., M@u anretmputing with arelectronspinen s e miPhys. Rev.
Lett. 103, 070502, 2009.

Wohlfarth,E.P., Handbook of Magnetic Materials, Volum&®rth-Holland Publishing
Company 1982.

Xie, J.L., Han, M., Chen, L., Kuang, BndD e n g , L . , abosdvhingpropeviesyv e
of NiCoZn spinelfe r r iJouenal of Magnetism and Magnetic Material314, 3742,
2007.

Yadav, R.S., Havlica, J., Hnatko, M. , G a PP.,g Aldxandter, C., Palou, M.,
Barton#l kovB#,.h,8| Fr ak. kMasilkoy]s.,, Z khr Kaling, L.,
Haj d%chovg8, WiAMagdetine v p riedpleeiOs spiees ferriief Co

nanoparticles synthesized by staedsisted sofjel autocombustion method and its ball

mi | | Uowrgabof Magnetism and Magnetic Material878, 190199,2015.

Yadav, R.S., Havlica, J., Masil ko, J., Kal
V., KuSitka, |. and *KcCgre® spind ferrt@nanopaftitlesp a c t

on cation distribution, 3oturnabof Magnetsrh and nd ma

Magnetic Materials399, 109117, 2016.

Yang, J. M., Tsuo, W. J . uJrafine nicka frerrite ppwd&s AnPr
usingmixed Ni and Faga r t r dotreakobSolid State Chemistrg45, 5057, 1999.

Yal - éiKno0Og a meidds (Guepe@si st eml erde ESR tekni]

incelenmesi,Doktora Tezi,Ge b z e Kl er i teknol oj i Enstit
Bi |l i ml er jGelZzass5R,i2004, s ¢
Yal - én, o. , Er dem, R. and Demir, Z11/2 fdA Mag

and Spinl Models of Corssur f ace Nanoparticl es Smant Di f f ¢
Nanoparticles Technolog$41560, 2012.

116



Yal - én, o. , Bayr ak didap trandition, rmagnetic ¥nzl giotowave . , i $
absorption pReOpepitn els toyfpeU f erJourndleof nanop
Magnetism and Magnetic Material843, 157162, 2013.

Yeh, Y.C., HuangC.W. and LueJd . T . , AREl ectrical resistivi
with magnetic domain walls and magnetic properties of®&alloyt h i n  Appliedns 0 ,
Surface Scienc@54, 34203424, 2008.

Yoshi da, S. , Sat o, M. , Sugawar a, E. an
electromagnetiinterference characteristics of 1B&Al alloy flakedpolymer
c 0 mp o Jourhakad Applied Physic85, 46%, 1999.

Yung'Young, K., WangSup, K. and Suiy o n g , H. , AA study on
|l ami nated el ect r onlBHEEArans.iMag 28,2134, 19 sor ber 0,

Zabet aki s, D. , Di nder m&oatedcdMulosefibers fdrus€io h o e n |

compositesapplicable tomicrowavete ¢ h n o lAdv.gVater,17, 734, 2005.

Zhang, J. and Mi s r a Jtarg®ingDcarder encafisMategl nvtht i ¢ (
thermosensitive smart polymer: Ciakell nanoparticle carrier and drug release
r e s p cActa BRiaingerialia 3, 838850, 2007.

Zhang, J ., Srivat sava, Idhll BagnetienatopaMiclesr a , R
surfaceencapsulated witsmartstimuli-responsivgpo | y me r : ch&acterizatians i s ,
and LCST olviabledrugitargetingdeliverysy s t d.amgmuir 23, 63426351, 2007.

Zhou, Z. H., Xue, J. M., Wan g, J., 20han, H

nanoparticles formed in situ i dourrmliofi ca m
Applied Physic®91, 60156020, 2002.

117



¥Z GEG¢MKK

Song¢l 1$84myél &nnd aAltaocraum | - esi nde doj du.

Gazi osmanpaka IBdne bvieyrasti t Feaski ¢ | Fteens i Fizi k B°l
zamanl e olarak bitirdi. 2008 yélénda Bozo
Anabi |l i m kDad dénjdéa ek sek i sans °Jreni mini
yél énda Nijde | niversitesi Fen Bilimler:i
prograména bakl adeé. Manyeti k mawetiloyear - acé
mikrodalgaa nal i z i k|-earléxkrma k;tzaedr & rn.e

118



TEZ¢ALI k MASI| REA KLESHRLER

Bu tez -alékmaséndan, 1 (bir) adet wulusl ar

Bayrakdar, H., Yal -é&én, o. , Cengi z, u., ¥z,
effectsandelectroas pi n resonaiFetks st neli esypé Uerrite
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscdgg, 160 1 6 4 ,

2014.

119



