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2 Paramagnetism
® Antifrromagnetism
* Frrimagnetism
® Frromagnetism
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! Exchange energy
2 Neel temperature
® Curie's Temprature



ed oo o (F-V) gabal ) 51 o1 ()l

-V

& 1 ” . \ e
ol JSg0 Glaa 2B B ()T 50 a8 el By pre mnly — 5555 98 @ Al

Sgdo oo gl blise (les gogdu0es iblise (5,55 sloo 3l puS slales sl
Sablie |5 lie A g3y Sasss iblika b SasS Jls o155 51 o pusboliing 2
Oldmme CLE 10 9 098wy, S a4 C eSS job 4 aS Conl Lall Sablise (g0 0>

IV] o5 o ol

L sl lising 15 )3 (ool cmmboliie 5l gl iF (ola LS oo 5l (Silad (V=) U 4o

é.ﬂ:' L_:"_“-’1_JT d‘g"‘“’ “\";1’.1J"!

rblde 52 Sed sk 0 5315 oo T ) T 0\ ’]‘

meboliies 80l Sole S5 o sy | 4 0\
Silseols 5 v v
. s R A
rbliie g5 Solendli 5 o e VIt 1
$ilyeok s

s bliie Slge 5 sadl pblise slo)sliiS sla S my V=) S

! Curie-Weiss law



L gil and jo LI el (gl ouls plxil s )5 3 (559 50 — T~

Ll 00U o)l...';':| Lib)lf U"‘ C"L‘" )‘ ;?ﬁ aQ FIARY

Lopsil 5 CILS slaprwsls cwsbline ols> asdllas 4 SglS 5 Isgl 1AVD Jlu o
5 by3 VAAP Jlo 53 sl poaivall goud 3 25y, Y oS @ SILS - S5 slasL]
VA Jlow jo iocs ol slapwyl S8 an  aubline oledbl s 4 3850 Ko
. 1 ol . .- f & . A “ . .
8 aalllas o) 0y ol Glapwgl bwgs sgae Sz o ios a0l8 ) Sen 5 ieple
o blie Slaarsgil ouwblie sla,lis,) o JEx> 36 o Sem 5 “S3l5 130+ Jlu o aisls
ot sbo,am gl b s ey sLid b olocdB i 4”55, 123 Jlo ;0 055, ey |,
lopesil slaas T el ay o)L Ken 5 ' culs VY Lo j5 cls 56 slaalsly See s
SLS> SiSs SeaS 4 ,tegil o3l L almo i b 0 sy B 59, 45 S 5 LS
5 GMR) S 51 sbline Congliin i1 sanlllas 4 o Som 5 ST VA9F Lo s aisls
5T ly Yoo s ol 5 ek S5l LB s, 5 COICU ol a¥ais slapawsils
BirTes 5srod cubline slopewsl 5l S 55 slabloyaes cpmwsl cla 4 ol San
YooV Jlu joassls acs, |, CATe lapewsil oo 5 (Sleg! Yo 0 Jlo o ozl

)

L] wzsls y ZnSe slopewsl o, & el 5 JISLS

! Kawai & Ueda
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® Haysmans

* Curling

® zhang

® Martin
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° Giant Magneto Resistance
9 Wang

1 Ehangi

12 Katkar & tait
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! George Brandt

2 Permeability

® Alnico

* Hexagonal close-packed
® Face-centered cubic
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! Michael Faraday

2 JUPAC (International Union of Pure and Applied Chemistry)
® Electrochemical Cell

* Galvanic

® Electrolytic
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! Oxidation
2 Reduction
3 Cell

* Complex
® Buffer
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! Convection
2 Standard Electrode Potential

Yy



ol Cblidl Y ool g p o Al g \‘5~>|)L‘§ RYHEES S

bid So s o,z Ol o as)ls RaSh b ol sl Ss 5 ($9 S slabls,

ol 09-B o ools JUEUI Layg Lawgs 0L,z acadg 2SN jo Lol el go JUESH Loy 2SIl Lasgs
L anb S (o )80 S8 o 1) (Sbym oS (alayg Sl slaws a8 el cnl o, 098 (Lo
Lol cenliie il oo 20l b GialeST o i8Il -9 281 S jiie Jad )0 a5 alayg sloss
S (oo o 60,8 ol ol a (0 Glgie |y T s 2SI ge S Sl 00 S 05 4 az g

| Jyo » UJ5S arfALY ).3‘).3 L)T o)’b.;‘ as

31 sladas] GISJljizjllf)t‘;o) a8 b aollsT STy SOy sl Jlsl Jb g S eslasl b
ms— (F-V) alal) sl oolaiwl L «(A) (iiSTy o axl coluw 0,5 jain b g (s 5 b,

13,5 i |y o0l 4500 b bl asl (1) cwls oles

t = 9 (f-Y)
nFpA

slasin g gol)ld el Foadl, Jasl oole JB> 5 Joo py> s g p g M alaly ol o

DAL 058 o basls Jpase Jgo o sl 4 a5 ol sla g 2SI
ceblil g, -V-Y

Ol 3 Sa 5 50 0)ls gy sl sl B9, 99 SReaSe 4 Gl g Sy (Sly 4 azxgi b
009y &S Jol o9y )0 9d o 6 S oslasil (6,500 9 99 0 28 Cull e 90 5 (So e,
1Y+ 18] 00,5 e (6 o5l alols o> 5 095 oo Jlael olt 5y o el T Silimgmnilsy

s L g oacd Jloel el ol o JK> oo eenl Gy yae | SLiulglgllS g, 40 48 K08 Ui,

! Faraday’s Law
2 potentiostatic
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! Anodizatoin process

2 Barrier layer oxide

® Porous

* Pre patterned-guided anodization process
® Self-organized anodization process
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Porosity

2 Open Pore

® Chromatography
* Closed Pore
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! Microwave and Hydrothermal Method
2 Template synthesis

¥ Amphiphile

* Micelle
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! Scanning electron microscopy
2 Resolution strength
® Electron channeling
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! X-ray Fluorescence Spectroscopy
2 Vibrating Sample Magnetometer
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Abstract

The aim of this thesis is growth and study of cobalt nanowires. Among the various
methods of growth, the electrodeposition method due to the ease in growth and it’s
inexpensivity has attracted more attention. Frist the aluminum oxide template with a
very high density of holes was made to accumulate and control the nanowires growth
direction. The multiple anodization of alumina template by means of acid solution is
applied to make the porous template. Several factors are involved to produce porous
template that we can increase the density of porosity and decrease of the diameter of
them by optimization the porous process.

The electrochemical galvanostatic technique was used to deposite nanowires. The X-
ray diffraction (XRD) and field emission scanning electron microscope (FESEM)
were used to studies of structure and morphology of the nanowires. The results
showed that the nanopores in template have uniform shape and density with diameter
of about 43nm. The studies of deposited samples are indicated that the cobalt
nanowires are grown in the direction of perpendicular to the surface of template.
Structural Study showed that preferred orientation of nanowires is (002) with
hexagonal crystal structure.

Study of the magnetic properties of the nanowires was done by vibrating sample
magnetometer. Investigation of magnetic properties of nanowires showed that the
saturation magnetization and residual magnetized are lower when the magnetic field
is parallel to the nanowires compared to tje perpendicular mode.

Key words: Anodization, electrodeposition, cobalt nanowire, hysteresis loops
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