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\bslract

ln thrs thcsrs NrTnl'crr Nanowtres and Nt7.Fc:l Nanotub€s r\cre dcposttcd rnstde lhe homc

made anodrzed alumrnum o\rdc (AAO) templates The process ol deposttron \\as carflcd

oul b! DC clcctrodeposrtron mclhod 'fhc compostlton anal\srs and surlace morpholog)

\erc e\plorcd b) encrg) drspcrst\,c spcctroscop) (EDS) and scannrng electron mrcroscop\

ISI:l\r)rdspecrrych, Scanntng rlcctron mrcroscop\ pro\es lhal thc samplc prcparcd $lrll tn

dcsrrcd mrnncr Vcr\ line and homogeneous groNth oi Nr,6fc:r \_anowrres and Nr--Fc:,

\Jnotubes *.ls !onllrmed lunhcrmore StNl (rlculJlron pro!cs,r\er.rqc dr.rmclcr (l)) ol

rhcNrllcrr nano\vrrcs ts j0 nm and lcnglh (L) ol rhc Nrll crr nrno\!rra\ r\ l0 um Ihc

rlcragc dramclcr (D) ol lhc Nl.,Ferr nanotubcs rs 100 nm ,rnd lcn!:lh (t )ot lhe \anrc

\r,.fc.r nanotubes rs l0Itn ln order 1() e\amrnc rhc rnJgnc(rc pronenres ol rhe \rmplc \l-
Il !ur\.s \\ere obtatncd b) \rbrJtrng samplc mdsnetomclcr (!SN,l) al drllcrcnl anglc\

hcl\tccn thc \!trea\rs and c\lornal magnetrc tield Nl.H curres p()!e rhJt bolh n.rno\!rrc\

Jr)d naDotubcs h,r!c cas\ a\ts along the perpcndrculJr ol thcrr J\ts lo somc .\rcnl \hJpc

rnrsolroprc behavtor was also conllrmcd b) ilf-H curves ,\ticr rhts Ne trke these cur\cs al

lo!r tcmperalure l'=5K and found that thcrmal encrg) dccreascs ar lon lcmperaturc

lJusrnq an rncrcasc tn saturatton magnctlzatton (Ms) l'u(her \\c emplo)ed Fj\'lR lo slud)

\ome olhers magnctrc paramerers Wrlhthehelpof FMR \rc obtarncd rDtensr(\ \s ll ll.ld
cur!es Jnd resonance vs angle !urves ind found oul the resonancc ltne $ tdlh .tnd cJs\ u\ r\

J\ \\cll Results talen lrom rhcse cuncs arc conststent $tlh thc \l-ll Lur\cs ItnJll\ \e
rlr.l$ thc graph ol delta M curtes lor both nanorvrres rnd nanorubes Nlagnerosralrc

rnlcrJcLlons arc !cn r\eal Insrdc lhc NrrFe.r Nanotubes but on the contrar\ InaqnctoslJltL

rntcrJctronsordtpolartntcraclonsb€(EeenlhcNr-nl-e:rNanor.rres.rrercrrstronr.l
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lntroduction to nanoscicnce & technology

l.l Study at nano level scale

In n.rno sclcnce and lechnolog) all the studles and e\perlmentallons lre done at atomrc lerel fhe

reale ofnano can be understood b1 many wals From a \er! common detinltlon tl ts the one

hrllronrh pan ot a mcler Il-2] Onanother*a)onecanunderstandrtrnagoodua\'luslb]srmpl!

rhlnllng abollt a slngle hldrogen atom \!hosc atomlc radlus ts etpertmentall\ understood thal ls

0 05i nm No\\ rfrre place tivc (05) hydrogen atoms together rn a hne lhen the length oflhrs lrnc

rrrl! he refened to I nm almost as shot\Tl ln Ugure I

H
ai

lnm

Frgure I I fr\c [l alom tn a row males the lenglh of I nm

ln thrs uav \\'e can sa) thal lt ls the study ofmalter at alomlc ler el rrhere the srmple Neuton larvs

,locs not hold fhe quanrum mechanrcs rulcs play a\llal role ln lhe slud! ol ma(er Jt nano le\el

lhcrc .rre dr I Ierent nano slructures ol dtt_ferent dlmenslons w hlch are Iabrtcated 'rnd charactcrrzed

br Lhe nano scrcnttsl lor lhe betterment ofhuman s llle and lhelr nceds S!lenllsls and englneers

prcscntly \\orklng on man) nano slructures but the lerromagnetlc nano struclurcs and

\cmtronduclors are most promtnent lor dlllerenl dala storagc de!lccs and energy storage der tces

rc.,pectrr cly

1.2 High surface to Yolume ratio

\s comparcd to bulk malenal hlgh surface to \olume ralto of nanomalcrtals ts also rcrl' tmponanl

rcgJrdlng thelr chemlcal reactlvltv TltrstsbecauseofthearallablllllolgreJternumberofaloms

prcsent at the surface oithe naromarertals Actually the atoms are unerptrsed at bull ler'el spectalh

lhL)sc.[oms $hrch are rnsrdc the malcrlal bul al nano lc\el ma\lmum rtoms harc opponunrt\ lo
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react bccauss ot

\\hrch lhe) ha\e

lnlroduclron lo nanosarence & rechnolo-e)

larecr surtace area lhe aroms lnsldc the malcrrJl are no\\ lacllng thc ro\enng

rn bulk torm fhe whole phenomenon {j] rs sho*n rn l'igure ?

lrgure M)asrc comparrson ol slrri'ace arca bet*een bull and nJno n)dlenJl

I' p\s$ hh! !oulnh\r,lse!ahrt!\'z.s!r!nL.lt!mtrdrrh,ho'!c\n,uu!Lhnoo.r(!,rrnrl

\ll lhose malcndls ,,rhosc one drmensron rs at least r.rnges lrom one nanomcter to hundrcd

nJnomcters .lrc cJllcd nano miltenals and lhe sctence and tcchnolog\ concerned * rth thcm ts !Jlled

n.tno scrcnce and lechnolog) Such malefl.lls are labncaled svnrhcsrs or manulaclured b) l\\o
Jrll_erent.lppro.lches usuallv kno\\n Js lop down and botlom up.rppror!h

1.3 Surface cnergy

'jurlace encrg! rs almosl drrectly proponronal to the surlace arca.lnd lhe materrals surlacc areJ

dcpends upon lhe drmenstonallt! (,tt nano level) of thc mate al l-he surl,tcc Jrca bccomes

promrnent Jt nano dtmensr(rns that lnlem tncrease lhc surlacc cncrqr as $cll lhrs rs.rctu.rllr

bccause ol more number of .iloms c\posed on the strrtace of atoms bccause of nano dtmenslons

I-hrs phenomcna crplarned bv rhe iigure I 3 gt!en beloN fll

- .llin\lanrrllclsr: { cJI-
Ldlc! lr€a ol re (JDa

: : -fi , r.nr,, i lr.as : :l c.

ll cnF r r clt.s : 112 cm.
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Inrroducuon to n$osLlence & technolog\ahapter l

l'rgurc l he percentage of surtace aloms changes \\rth the palladrum clusler dlametcr

fhe graph sho\r'n tn the ligure 03 rltustrates lhat when lhe slle ol lha Panlclc squccTcs lo n'tno

r.rnge trom um scale then a \ ast lncrease In percentage ol atoms c\Poscd and thc \urlacc cncrg)

hccome larger lo thc c\lenl ol seven orders oflhe magnttude

ln lase ot srngular surtace as shou n ln flgure 04. lo uhlch t!e $ anl lo \ubdlr ldc rnlo t\\o surlales

rrc nced the tbllowtng amount ot energ)

1

'2
\\ here. Nh rs the number of broLen bonds- po lhe atomlc denslt! ol atoms pcr \oriaLe nnd € the

bond strcngth ol the mJtcrt.ll

!'rgurc I { schematrc sho\\rng t\ro new suriaces belng creatcd b) hrcaklng a re(tJngular \olr'l

lnto 1\\ o preces
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l.-l ll.eview of nano mtlestones

Introductron to nanoscrence & technologr

\wordrng to hrstorl pornt ot \tc!\ ol_ nanotechnolog) thcre are manl mtlestoncs hartng grcat

\\onh E\er)one have a srmple quesllon rn thelr mlnd that ho$ log nanotechnolog) been utlllzcd"

ll we look back to the thousands ol_ )ears then \\e *lll come to know that potten rs one ol the

m4or branch of tndustry that unconscrously ustng the nano parllcles Such l)peolIotler\ oblect

rrrs I-rcureus chalrce ln thc late lounh ccntury AD and rlght now thls nano based oldesl challce

lan bc seen ln the Brrttsh museum l_hr s Roman chaltce w as tamous bccause o t tls t\\ o colors green

.rnd lranslucent red l_he appearlncc ot grcen color \!as duc Io rctlcclance ofllght and r.hen the

chalrcc *as drrectl) Iocused b\ Il-!hl lt appears transluccnl rcd llomJns also .rnrrbutcd to thcse

!olors ullh thcrr rncestors heroes rrho worked well ln the.]e ofpconlcs \!tudll) thcrc coLors

Jre due to lhe 70 nm srlrer and gold panrcles ['11

U'rth retlectcd lrght wrlh locused hoht

I'rqure I 5

I_hc nanotechnology no\ -a-da\s ls bccause ot the hard uork ol lhc sctcntrsts tn screnttlic rcscarch

thar has bcen gorng on lor o!er the ccnluncs fhe lamous screnttsts who lltract theattentron rrhrlc

rc! relrlng lhe nanotechnoloB) mlleslones tEcau\collhetrnrcc\crenlrtl!contrlbulrons,rrccnlr\lcd

hclo\! \\rlh Lhclr dlscorcrrcs .rnd rnrcnrons

- In 1857
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lntroductron to nanosclence & technology

r Collordal gold was drsco!ered by Mrchacl Feredal, tn \\hrch he tllustrated hrs

appropnate entrly ofCollordal gold to the Roval Soclety F'arada) pro\es to thcm

Ihal the sample ha\rng Au nJal Partlcles produces dlttirent colLrrs Lrke rubl rcd

and blue *hen e\posed to lhe \ ar) lng llght condlttons [51

I905

. On the behali of complete quantrtatrve theor) Albcrt Ernstcin crplatns the

drsperslon and presence of collolds He also er.plarns the Bro\\nlan molrr)n ot

collords by constdcnng them btg atoms Thts theorl fuflhcr later on proves coficct

by thc expenments ofJean-Baphst Penm

r9ll
. La)ers of Jtoms or motccules whose thlclness around onc Jtom thlcL \'rs

eslabhshed b1 l-angmutr Such rypes ofla]ers f.rbrrcated b\ Lnngmurr hn!c lwo

drmensronal slrlrctures lhat lead lo\\ards lhe manut)cturlng of lrJn',p.rrent gl.lss

$rth the addrtron ofthrn tilm offluorlne compound tn l9l2 he rras also J\\'rrJcd

\\rth the Nobel Prrze tbr hrs spectacular Norl'

r95E:

. Rrchrrd P. Fclnman gavc a revoluttonarl lden to the sclenttllc researchers bl

r\hlch the vtsron of thlnktng totall\ changes Ills \'lslon uas lhc rbunLlanLc ol

room to research at nanoscale By adoptlng hls lnnoYall!e ldca gllen !n Sround

breakrng speech lhat'There's plenfu ol rcom dt lhe bollom sclentrsts \trrts

Norkrng and tindtng the solutlons ofsclentlfic problems .11 the atomtc ler cl or uano

level l-ater on atter seven )earc ol thls breakthrough ,n nanotechnologv he

auardedTrrth Nobel Pnzc rn 1965

1971

. Frst tlme rn lhe hlstory thc

belong to the UnrversllY ot

Iabrrcate ultra hlgh and morc

br hrm called as 'NANO'

word of nanotechnolog) \\as lntroducc hl a pcrson

Tokyo named as Nono l'a guchl' ln ordcr to

prectse structures at smJll le\cl thls lerm \\Js !olllcd

Ihe struclure lineness.lnd accuracv regardtn{ lhe

l0



Chapter 1 lntroducllon to nnnosclence & tcchnolog\

length scale uas on the order ol I nm (ndnometer)

l98r

r Cerd Brnntng and Hetnrtch Rohrer rcmalned succcsslul to control the placement ot

lhc atoms ol the matcoals at nanoscale Ihc) lnvenled the Scannlng Tunncltng

\Lcroscope (STM) Wrth the help ol thrs marvclons devrce thev make lhe nano

screntlsts able lo measurc the nano structures and electron densrtv l-or lhls great

rvork and achtevement they were awarded !vrlh thc Nobel Prtzc rn 1086

i tn tgss

. ,\ ne$ t\pe ol carbon Jusl llke a spherlcJl lootbnll mJde ot ll penla8ons or 20

hcragons pancls Smallcy l{obcn Curl and flarold Krolo drsco\crcd thcC 60 lt

rs also [noun Js buckmlnsleriullcrcna fhe .]torcnlenlltlncd setcnltsts r''cre

a\\arded \\rth the Nobel Prlze In 1996

BucLmrnstertullerenc

In

l-rgure l6

i tn tsgo

. IBM practlcall)' lntroduced the compelence () lonlrol the placcmcnt ol aktms

l'he sclentlst ol IBM. Don Illglcr successlull\ placed rcnon dloms on nrckcl

substrate lery precrsely rn such a rv.ry lhat lhey l\rrte IBM \ rth thrt $cll placed

II



Chapter 1 lntroductlon to nanosclence & lechnolog)

doms Thrs e\penment $as donc on ultra hlgh \aLllum rnd lhc \cr\ lo!\

remper.rlure rchlercd \rllh llquld hellum

Frgure I 7 Controlled placemenl ofatoms on nrckel substrate

, ln l9g I

. lhe great man Sumrno lt;rma drscolered a process to tabncrle the onc

drmenstonal carbon nano struc(ures callcd nanotubcs' The lcngth ot thc\e

\Iructures \\as aboul one mlcron and lhe dtameter range ls'l nm lo i(l nnr 161

These tubes are made ofcarbon atoms sheets whlch further rolled do\\n to mnke

irst srnqle walled nano iube (Sw"lT) rn I99l as sho\\n rn thc tiSure bclo\\

Frgure I 8 srnglc-wall'carbon-nanotubes

ll
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Introductron to nanosctenee & technologl

1991

CdSe. C dS and Cd I c are the malcnals out oi \\ hrch lor the llrst hme b!'sl qualrt\

quantum dots $cre tabncated Murra) Nornsand Ba$endl $ere the \clcntlsls !\ho

perlbrmed thrs tabulous work to s\nthestze quantum dots Quantum dots are sr'rch

llnv panrcles that posses beautrl'ul optlcal propertles the normal uhrte spectrtlm

ot hght absorbed b) lhe quantum dols $htle dependrnQ upon thcrr srz' thc\ I'rl oul

crrlors oi dtllerent \\a\elengths Such characteostlcs.rrc entlrely dependr trn thc

trnl nature o1 thc pantcle [7]

1997

. Lucent fechnologres prepared the nanotrdnslstor lhat conlalns all ol lts nuln p'lns

lust wlihln the lhlckness of60 nm fhe maln Pans Jre source. draln. Satc Jnd Eate

o\lde After thrce vears rn 2000 the DNA motor was ln\ented by the lolnl \cnture

ol O\tbrd Unl!erstl! and lucent rechnologtes ln lulllre suLh DNA moors $rll be

used to a5\cmblc rudlmentar\ clrculls b\ Jcllng J\ \\\llches l8l

t00t

. Protot)pe tuel ccll- In 1002 dusl,Ind statn repellent l'rbncs derclopcd rn l0{)l lhe

more elficrent prototypc of nano solar cell produccd Da) by daf lhc pJce of

,lerclopmcnt ln nanotechnology lncreastng whrch rcsults In dnra/lnI hrerl

lhrough hkc ln l00J the cancer tumols ln mlce \rcrcdcslro!ed by \ano Spcetr'r

Ilroscrencc wrth the help ot gold-coated nono shells l()l

1.5 Classilication of materials at nano scale

u hen \re look to\^ards the detinruon ofnaDo scrence dnd technolog) Ihen \ e understands lhat ll

ls !ery rtch tn rcsearch that etplatns the new honzons and dllersc characlerlstlcs ot lhe mJtertals

In tact the rcason ls that lt surrounds rhe \ery broad spectrum ol .csearch flelds ot dllttrenl

matcnals I hese m.rteflals can be anv but now-a-days the tolloutng materrals are on lop rcgurdlng

research and,rpplrcatton polnt ol \re\\ ll0l

t1
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ln thrs Lhesrs Nr,^fc:. Nano\\rres and NrrFc:r Nanotubes *crc dcposrrcd tnsrdc lhc home

madc anodrzed alumrnum o\rde (AAO) lcmplatcs l_h. process ot deposrtron r,,as carrrcd

out bv DC elccrrodeposrrron mcthod Thc composrtlon anahsts and surlhcc morpholog)

\!ere e\plored b! cncrg) drsperst\c spcctroscopf (EDS)Jnd scannrng clectron rlcroslop\

(Sel\l) respccll!cl) Scanntng clectron mlcroscop! pro!cs that the s0mplc preparcd $cll tn

d.srrcd manner Vcn linc and hohogencous gro$th ol Nr.6fca \ano*rrcs rnd Nr.-Fc:l

Nrnotubcs Nas lonlirmed I uflhcrmore StNl c.rlcularxu pro!cs r\craqc dramclcr (l)) ()l

IhcNr-nlc:rnano\rrrcsrsi0nmandlcngth(L) ol_lhc Nr.6l crr n.rnor!rrc\ r\ l(J um lhe

r\cragc drametcr (D) ol lhe Nt,.Fcrr nanotubes rs 100 nm .rnd lcnslh (l )ol lhc s.rnrc

\r-71'c., nanotubes rs l0Fm ln order ro e\amrnc lhc mrgnclr! propcnres ol rhe \rmplc \1,

ll!ur\c\ \\ere obtarned h) rrbratrng samplc maqncromctcr (!S\1) rl drltcrcnl anrlc\

hcllteen thc \vrreJ\rsand c\tornal magneuc tlcld Nl-H !ur!cs prorc rhrr bolh nano\rrrc\

rnLl nJnorubcs hrvc cas\ J\rsrlonglhe perpcndrculJrot rhcrr.r\rs lo \ome c\rcnr \hrpc

Jnr\olroprc behJvror lvas also conlirmcd b\ l\l-H cur!es .\tter rhts \\c la\c lhcsc cur!cs Jt

lou tcmpcraturc T=5K and lbund thal thermal cners\ dccreases at lo$ rcmper.rrure

!JUsrnq an In!rcJsc tn saturatlon rr]agncuzatton (Ms) runhcr \!e emplolcd I,N1R ro slud)

\ome othcrs magnetrc parametcrs Wrth thc hclp of FMR !\e obrarned Intcnslt\ !s ll lield

!rrrtes and rcsonancc vs anglc !urves and found out lhe resonancc ltne Nrdlh and ca\! a\ r\

J\ \cll Resulls la\en lrorn lhcsc cunes arc con\t\tcnt !!tth the \1-H Lur!cs lrnJll\ \!c
,Jr.rrr thc graph ol dcka NI curvcs tor both nano\rrrcs rnd nanolubes llagnctosraltc

rnlcractrons are !cn \!eal tnstdc lhc Nt77l'ett Nanotubcs bul on thc LontrJrr rnJqneJoslatlc

rntcr.r(lrons or drpolar tnterJctrons bcl$een the Nt.nJ_c.r \anow t.cs Jrc ! cr\ \tronc
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Irtrod uction io oanoscience & tech nologY

l.l Stud\ at nano lcvel scalc

lnnano scrence an<l technologl all the studles .rnd e\perlmenlallons Jre done at atomrc lerel 'Ihe

\Lrle ot nano can be underslood bv many *a1s From a rerl common detlnttlon lt ls lhe one

hrllronlhpariotametcrIl-2| On another rva) onecan underslandrtrn agood \\'a] lustbysrmplr

thrnklng about a slngle hldrogen atom whosc atomlc radtus rs erperrmentalh understood thal ls

0 053 nm \otvtf\!eplacctl\e(05)hydrogenatomstogelherrnalrnelhenthclenglhoflhlshnc

!\rll be rctened to I rlm almost. as sho\\n ln figurc I

HH H HH

Frgure I I

lnm

I'rre H atom rn a row makes lhe length ot I nm

ln thrs $ay Ne can sa\ lhat lt ls the study ofmatler at atomlc level \\here lhe slmple Ne$ton laNs

docsnolhold fhequanlum mechanrcs rules plar a\ltJl role In lhe slud) ol malterel n'lno lc\el

lhcre are drllerent nano structures ol dll-ferenl dlmenslons uhlch Jrc l'lbncJted rnd charr!lcrl7cd

h\ rhc nano screntlsl tor rhe benerment ol human-s llf'e and thelr nc€ds sclenltsls and engtneers

prcsentl) \\orklng on man) nano struclures but lhe lerromagnetlc nJno \lructures 'lnd

\cn1r!ondu!(ors are most promlnent lor dll'ferent data storagc de\lccs Jnd enurgl slora{e dcrtces

rcspe!tr! el\

1.2 High surface to volume ratio

\s compared to bulL matcrlal hlgh surface lo volume rallo ol_nanomalerlals t\ also \cr! lmpoflant

regardrne thcrr chemrcJl reactMtv fhrs rs bccause ofthe a\allablllty ol gjcalcr number ot aloms

lresentalthe surface ofthe nanomaterrals Actualllthealomsarcunc\posedalbulllevel speclall)

lhosc atoms *hrch are rnstrlc the malcrlal but at nano lctel ma\lmum Jloms hJ\c opPorlunll) Lo



Chapter 1

re,lct because ol

\!hrch thcy ha\ e

Introduclron lo nanosctence & lechnolog\

Iarqcr surlace area thc aloms tnslde lhe matcnal are nolr lacltnq lha r-o\cnng

rn bulk torm Ihc \\hole phenomenon I.l] ls sho\\n rn tigure l

I rgure I I Ilastc compaflson ot surlace ared bet\een bull\ and n,rno ntalcnal

h ]r\trtr bbL (f ur\.hrln\{Li!b (y/.s!trnLcltcmdinrk lh.ic.lii ok!hn.t,)u \(r I \t,rfrl

\ll lhose maten.tls uhose one drmensron rs,tt lcast ran{cs trom one nanomclar lo hundred

nanomcrers are cullcd nano m,rle .lls ,rnd thc sctence and lcchnolor\ conLerned \\ tlh thcm rs cJllcd

nano scrence and technologl- Such matenals are tabncated. s\nthesls or manulacturcd b\ lr!o
Jrllerent approrches usuall) kno\\n Js top do$n and bottom Up rpnroJ!h

L3 Surfacc cnergy

SLrriace encrg) rs ,ilmosl dlrectl\ propontonal to the surlace rrca Jnd the matcnals surlale drca

dcpends upon the drmensronalttv (at nano level) ol thc materral fhe surlacc rrca becomes

nromrnent at nano drmenslons thal lnlcm lncrcase lhe surlacc cnerur .rs scll Ihrs ls.rcluJll\

because ol morc number ot aloms e\posed on thc surtace ot atoms becausc ol nano dlmenstons

Ihrs lhenomcna c\plJrned bv the tigure I 3 grren belo$ [J]

luiaca lrga
.l !,'n r .l cn , o ircesr : 6.l'r

urlJca Jr€a olTa aLJrr.
. : i, 2cm,, r lr.!s. :l cr'

:l cm r d ct?s . rl2 rm-
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l'rguro I l fhe perccntage ofsurtace atoms changes \\llh lhe pallJdlum !lusler dlamclcr

lhe graph sho\\n ln rhe tlgure 03 rllustrates that tvhcn the srTc ol the p'rflrcle squcelcs to nJno

rJnge Irom um scale then a \ast lncrease ln percentage ol Jloms c\poscd Jnd thc \urtacc cncrg)

bccome larger to the c\tenl ol se\en orders ofthe magnltude

ln lase ol sln8ular surt'ace as shoun ln figure 0J. lo nhlch \\e \\ant to \ubdl\lde rnlo l\''o surlalcs

!\e nced the lollowtnU amounl ot cnergy

1
Y = ZNb 

€ Pa

\\ hcre. Nh ls lhe number ol_brolen bonds. pa the atomlc denslt! ol 'ilLrms Per \rrriecc and € the

hond slrcngth ofthe matcnal

t'rgurc I J Schematrc shoElng

,nlo t\\ o pleces

t\ro new surl_ilces belng created b) brcaltng .t rcctangular \olrd
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\!!ordrng to hrstor) potnt ol \lc\\ of ndnotechnology rhcre rre an\ mllestones harrng qrg;1

!\orth E\er!one ha!e a slrhple queslton ln thelr mtnd thal ho\\ log nanotcchnologl been utrhzcd ,

ll \e IooL back to the thousands ol )cars then we *rll come to kno\r'lhat potten rs one ol the

malor branch of rnduslry thar unconsclously usrng thc nano parucles Such tlpe ofpoller\ obtecr

rras [-rcurgus chalrce rn the l,rte lounh centurv AD and rrght nou lhts nano based oldest cha]rce

lan bc seen ln lhe Brrtrsh museum l_hrs Roman chalrce rvas tamous because o, tls tBo colors qrccn

and lranslurcent red The Jppearanlc of green color rras due lo rctlcctance ol-lrght and *hen thc

chalrce $as drrectlv locused h) lrght rt appcars transluccnr red llomans ,rlso tttrrbutcd to th.se

colors urth thcrr ancesrors heroes \\ho uorked $ell tn the ele ol p.onles ,\!tu.rll\ thc\c colors

arc due ro the 70 nm srl\er and gold parncles JJI

\\ rth rctleclcd lrght wrlh locuscd llpht

I'rgure I 5

Ihc nanolechnology nou-a-dars rs because ol_rhe hard !!ork ot lhc screntrsts tn sctantltic rcsc.rrch

that has been gorng on lor o\er the centu es fhe lamous scrcntrsts rrho attract thc attcntron. shrlc

rc\ rc!\ rnB the nanolechnologl mr lestones. bccause o, lhelr n rcc sLtcntrlie contrrbutrons arc cnlrstcd

helorr wrth thcrr dr5co!cflcs Jnd rn\antrons

ln I857
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. Colloldal gold \\as dlsco!ered by Michecl Faradel, rn uhrch he lllustratcd hrs

appropnate enttt) ofColloldal gold to the Rolal Socrel) Farada) pro\es to them

thal the sample havtng Au na_l panrcles produces dlllerent colors llle ruh\ re(l

rnd blue *hen erposed to the rarlrng Lght condrlrons [51

tc05

. On the behalf of complete quantltatlve theory Albcrt Ernstcrn e\Pldrns the

drspersron and presencc of collolds He also e\plalns rhe Bro\rnlan morron ol

collords b1 constdenng them blg aloms 
_fhls 

theory turther later on proves correcl

by the erpenments ofJean'Baptlst Pcnln

l93l

. L.rlers ol atoms or molccules whose thlckness around one atom thlck sds

esiabhshed by Langmurr Such tlpes oflalers t'abrrcaled by Langmurr hare lwo

drmensronal slructures that lead lowards the manulactunng ol transpJrent sl'lss

$rth the addrtlon ol thln lilm of lluorrne compound [nlgS2heuasalsoarrar']cd

\\rth the Nobel Prlze lbr hls spectacular uorl

t95t:

. Richzrd P' FGyDman gave a revolullonar\ ldea lo lhe sclentlllc rcsearchers b)

\\hlch the vlslon oflhlnklng tolall) changes llls rtston $as Ihc cbundancc ol

room' to lesearch at naloscale By adoptlng hls tnnovattve tdea gl\en ln ground

breakrng speech lhal'l'here s Dlentt' ol rcom d lhe bolton' sctcntrsts \tJI1s

worktng and findrng thc soluttons ofscrentttic Problems atthe atomlc Ievel or nano

level Later on alier seven ycars ol thls breakthrough ln nanotechnologJ he

cworded wtth Nobel Pnze tn 1965

aln

/ ln 19'11

. Frst trme rn the hrstory thc

helong lo lhe Unrversrw of

thbncdte ultra hlgh and more

br hrm ctlled as NANO"

word ol nanotechnology uas rntroduce by a pcrron

Tokyo named as Nono lanlSuchl'_ ln ordcr Io

precrse slructures dl small le\el thls tcrm \!Js Lolncd

The structurc tineness and accurJc\ reuJrdlng the

l0
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2 tn r qt5

. ,\ nc\\ t\pe ol c,rrbon. Jusl llke a spherl(Jl

hcrlgons pancls Sm.rlle) Robcn Curl and

ts also lno*n Js buclmlnstcrfullercnc

.r!rarded \\rth the Nobel Pnze rn 1996

Inlroduclron lo nJnosclcnce & tcLhnolog\

lcnglh scale sas on the order ol I nm lnanomeler)

l98l

. (ierd BrnnrnB.lnd llernnch Rohrer remalned succcsslul to control lhe placement ot

rhc rtoms ol lhc malenals.ll nanoscale Ihcv rnrenteil lhe Scannlng funncllng

\lrcroscope {S INI ) \\rth the help ol lhrs m,rr\elous derrce thel mJle the nano

sclentrsls able (o measurc the nano structures and clectron denslt) l'or thls qreat

\\ork ancl achle\emcnl lhe) were awarded \\llh the Nohcl pt'7s 1n 1986

loolbrll nr.rde ol ll pcntagons or l0

llarold Krolo dr\co!crcd lhc ( 60 ll

lhc Jlorenrcnlroncd \!lcnll\l\ \\crc

I rgure I 6 BucLmrnslerlullerenc

zln 1990

. IBV practlcall) rnlroduccd lhe LomPelenLe lo

l-he sclentlst ol lBM. Don llglcr succcsslull\

5ubslratc vcrt prectsely ln such a wa! lhJl lhe)

eontrol the PIJ!cment ol rlorn\

plJccd \cnon Jtoms i.)n llllkcl

wrrrc llll\l .rrth thrt !!!ll pl.rccd

II
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aloms l-hls e\pcrlment \las done on ultra hl-qh \rcuum rnd thc \cn lo\\

len'rperature achle\ed $llh llquld hellum

Frgure I 7 Conlrolled placement ofatoms on nlckel suhstrilc

i tn tsst

. I-he Sreal man Sumtno hllma dtscorercd a proccss to tabrrcrte lhe onc

drmcnstonal Larbon nano slructures called nanolubes lhe lcnglh ol thc\'

\tructures \\as aboul one mlcron and the dlameter range ls -l nm to l0 nnl 16l

These tubes are made ol carbon atoms sheets *hrch tlnher rolled doun to make

tirst stnglc walled nano tube {SWNT) In lggJ as sho\\n rn lhe ligurc hclo\\

Fr gure I 8 srngle-wall-carbon_nanotubes

ll
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Igql

CdSc CLIS dnd Cd I-e are the matcrr.lls out ol $hrlh lor thc tlrst trmc bcsl qualrt\

qulnlum iJots werc labncated Murra\ Norrls and B.rNcndl !!cre lhe sclcn(lsls \\ht)

pcrlormed thrs t.I6ul6u5 uork lo slnlhcslzc quJnlum dot\ Qtl'Inlum dols Jre \n(h

trn! panrcles lhat posses beaulliul optlcal Properlles Ihc normal *hrte spectrttm

ol lrght absorbed b) thc quanlum dols $hrle dependrng upon thcrr \r/c lhc\' lcr t)ul

colors ol drllerent \\.1\elenglhs Such chJractensllcs rre cnllrcl\ dcpends on the

lrn! n.l(ure ol lhc Panrcle l7l

I t)91

. Luccnl l-echnologles preparcd the nanolrJnslslor lhJt contJlns Jll ol rts nuln frrls

tust lvllhln lhe lhlckness of 60 nm fhe matn parls are scrurce drJIn g'lle Jnd g'llc

o\rde -\her three )ears ln 2000 the DNA motor Nds lnvented b) lhe lolnt !enlurc

ol O\lord Lnt\erslt\ and luccnt technologlcs lntuture\uLh[)N^\lno()r\\\lll bc

u\cd lo a\\emblc rudlmcntar\ clrcrllls b\ Jcllng Js \wllch'\ llll

l00r

. Prolollpe tuel cell- rn 1002 dusl ,rnd strrn rcpcllcnt labrres dcrcloped rn l00l Ih'

more efllcrent protol)pc of nano solar rell Produccd Dal bv dar lhc pnLc ol

Jc\clopmcnt rn n,rnolechnolo!y lncreasrng rrhtch rc\ults ln rorJ/lng brcdL

through lrle ln l00J lhe carcer lumors ln mlcc wcrc dastro\cd by \Jno Spcctl't

lhoscrcnce \rth thc help ol gold-coatcd nano shclls [91

1.5 Ctassrfication of materials at n.no scale

when $e look lowards rhe detlnlnon ol nano sclence .lnd technolog) thcn \\e undcrslands th'rl rt

ls rer],flch tn rcscarch that cxplalns thc new honzons and dlvcrse charrcterlsllcs ol the mdlerlJls

In lacr rhe rc.rson rs thal rt surrounds lhe \cr.! broad speclrum ol_ rcse,rrch licld\ ot dlllcrdnt

nlrrcnals I hcsc mJlenals can be ant bur noN-a-dats lhe lolloulng mrtcnals rre on top rcgardrng

rcscareh and applrcltron potnt ol \lc!r II0l

ri
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Nlagnehc matcrlals

Semrconduclor matenals

IntrodLlctron to nanoscrence & technoloqv

"/ Drelcctrrc matenals

'/ Sunerconductor mate als ctc

\\hcn screnlrsls and cngrneers 1r) to larlor the phlsrcal or chemrcal ch.trcclerrslrcs ol the abo\e

mentroncd nralenals at nano lerel scale then they \\rll l.rb.rcate a ne\\ son ol malerrdl cJllcd nuno

mdrcnal Thc nano matcnals f'unher classrlled rcgardrng therr slructures and drmensrons \\eather

thcv belongs to anl of the Jibremen0oned mateflals Such nano matcnJls tabncaled through

:pecral hrnd of process rn a clean room enllronment Dependlng upon structurc Jnd drmr-nsronalrtr

rhcsc n.rno mateflals are nano pJrtrcles. quanlum dots {Q D''). nJno \!rres (N\\''). nJno rods

tNIl'').n.lnotubes(Nf ')andnanosheclsorrhlnfilmetc lnthrs*a\ t!clansJ\ th.rI nano sclence

and technolog) rs the screncc \rh,ch deeply concemed wrth the malcrrals struclurc.rt nano scale

slze duc to shlch the) exhlblts rmpro\cd or deslred ph)slcal- chcmlc.rl or brologrc.rl Fropcrucs I l-

l] Nano malerr.Ils lunher grouped rnto the followrng

r' lcro-Drmensronal Nanostructures

'/ One- l)r Incn\ronal Nanoslructurcs

f w o- D r m ens r ona l,'l_ anos t nrclures

fcLordrng to appLcauon polnl ot !lew nano materlals ha\ e broJd seope berng uscd rn data stor.ruc

de\lres. drllcrent elcclronrc sensors. spons medrcrne agrculture .rnd ternle & lrbrrcs clc Ihc

liuure I Q e\plcrns thc above Danostructure classrficatron ol drlterenl nano mrrenals

I{
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\ jP ,f,

Frgure I 9 Varrous trpes ol nanostructures regardrng lherr drmensrons

1.5.1 Zcro- Dlmcns ione I Nrnostructurcs

\ano partrcles havc becn de\eloped br appllrng driferent technrques rrhrch Includc\ top dosn

and botrom up :pproaches as grrcn belou

. \'fillrng or attrltron

. Frchlng

. l{epcated quenchrng

. Lrlhography

\.lno panrcles r\rth lens to several hundred dramelers lan bc producc'd b\ .rttfllron fhc nano

product r c nanoparllcles tiom lhrs pd lcular technrquc have substantral shrpe large rolumc

ehanges as rrell as dorYn-and-out thcrmal conduclr\rlv In lhe samc \ra) lrthogrnph\ lcchrrLlur

play aT rtal role rn the tabncatlon olnano partrcles Bottom up approach has bcen currcnrl! provcd

\erv effcclr\e lbr the synthesls ofnano p?rlcles 1'he Iollowrng bouoms up appro.lchcs nrc \cr\

popular nou-a-days Ill
. hrrmogeneous nuclealron lrom \'.lpors

. heterogeneous nucleatron on subslmtes

. phase sclreralron from solrd at hrgh temperarures

. confined chemrcal relcttons (mtcelles)

l5
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Trr synthesrze 0-D structures lhe mlnlaturlzatlon ol lhe nano producls ls not the onl) oPtlon I or

de\ lce ,rpp|catlons the slnthesls and process condlllons ought to be under lontrol ln such n \\r\

tll,r, ,hc rc5ullrnu produ!t:, ha\e thc lollorrrng drstrngurshc,l proPcnlcs Il]l
. t nrtorm srze dtsl bullon

. Idcntrcal (shape) morphologl

. Identrcal crlslal structure

. No agglomeratlon

SEI!1 mrcrograph of0-D matenals gl1en below

Frgure l-10 0-D matenals

1.5 2 Onc-Dimcnsronal Nanoslructurcs

N.lno products relaled to l-D nanostructuaes are ot drffcrent catcgoflc5 dcpcndlnts upor) thc

driltrcnt t srze and drameter Ihe names ol these catcgones are grven as I3l
. Nano ghrslers

. \ano tibers or nano libflls

. Nano srres

. Nano rods

. \ano lubules

. \ano eablcs

I6
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N.rno libcrs and nano lrrres are such l-D nano products whrch are consrdered larger than nano

*hrskers and nano rods The range offie drameter oi nano wlres and rods ls less rhan o 1'e\\

hundred nano melers proYed rn recent research [1.1] U'hrle qhlskers and tibers drameter range rs

up to several hundred nano meters to mrcrons Cenerall! (he aspec( rauo ofnano \\rres ls gre.lter

th.ln the nono rods Where the.rspecr raoo rs detlned as L D rrhere [- ls length and D rs rhe drameter

ol lhe concerned struclure

I here are some rmportant categones of s!nthesls technrques for l -D nano structures collectl! elv

Thcse crtegones are grven bellou I5-l7l

Spontaneous growrh

Template based synrhests

I_ lectrosprmrng

Lrthograph)

Spontaneous rnclude the foliowlng slcps

r E! aporahon

I)lssolutlon

ul Condensatlon

rr \'LS (rapor hqutd sohd) go\rlh

r SLS ( solrd Lqurd solrd) gro$!h

rr Stressrnducedrecrtstalhzatton

I he abore mentroned svnthesls technrques are grouped further tn tuo r\als boltom up and lop

dosn categones

Bottom up approach Spontaneous growth. Template based slnthesrs l-leclro-\plnnrng

l'op doun lrthography

Carbon nano tubcsand ferromagnetrc nanofubesare speclal lamtl) ol_ l-D \tructures fhc rcJson

ls that the, are uscd ln rery advanced de!tcc fabncatlon equ,pment Thc lirromagnguc I,D nano

slnclurcs are used tn data storage devlces [18-].ll
SI M mrcrographs ol I-l) slruclures

l1
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Frgure I ll I-D mate al

I 5 J Trr o- l)imanslona I Nenos tructu rcs

l hc rr,ell-knor-rn tllo drmenstonal nano structure ts the lhrn lilm as sho\r tn rhe lig I I2 ll c loo[
bacl rn hstorv. \\e come to Lnovv that more or less a centLlry ago sctentlst had a sound kno\\ledge
.lhoul thc t'''o dlmenstonal nano structures rn the frrm ol thln lllm rnan), method\ lor lhe s\nthesr\
ot thts t\!o dtmensronal structure de\eloped ln that tlme and \!rth the passJgc ol .mc sclentrst Jnd

irnglneers brought derelopmgnl and betterment to the s\nlhesls process All of such s\,nthcsls

tcchnrques $hrch \\ere deteloped prc\lousl). no\\ a dals thc) are urLlelr used tn dtlterenr [tnds
ol rndustrres- tbr dtflerent screnhilc appllcntrons and de!lces Itke solar cells and brosensors ctc

thc dcposrtton techntquc olthrn tllm grouped tn two maln streams grven below

. \ opor based depos,tron

I hc c\rmplcs of VIID ol lhrn lilm arc

I Sputlerrng

u omrc layer dcposrhon (ALD)

llr c!aporahon

rr molecular beam eplta\v (MBE)

v chcmrcal \rpor deposrhon (CVD)

. Lrqurd based groMh

The e\amples ot I IIC arc rerl tlell Lnown whtch

r [-lectrochemtcaldcposllrontl:CD)

rr ( hemrcal solutron deposrtlon(CSD)

rrr Langmurrdeposrtron

are prr cn belo\t

I8
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Illodgetr tllms

Sclf-assembled mono lalers ( SANIS)

l'[-c1ro chcmrcr] deposltlon ls \ cn cost effectlve

!.rcuum that s rlht rcscarchers grre prcterence to

\\ nthcsls tcchnlques

because resl oflhe tcchnlqucs

electrochemlcal dcpostlon on

t\

ulrllzes uitra hrqh

thc \ Jcuum b.l\Ld

Frglre 1.12 Matcnal wlth 2-dlmenston

1.6 Brrcf of magnetrsm

\lngnetlc male.als htstorv grows up \.\,rth the sclence's htstorv Regardlcss fie tacl lh.rl lhe

prc\,rous hrslory ol'magnetlsm ts lndrsttnct bul tls char,rctcnsttcs ol a(ractlnB plelcs ol- rroD

he*rtchcd the peoples ol thousands ol vcars ago FejOr (lodestonc maSnetrtc) \,,Js lhe llr\r
magnetrc malerral that uas lbund tn Magnesta (.ghl no$ lnorrn as lurke; t lnrtrallr the rrgncrr!
ilcrrce rras t.rbncated b) the lodestone magnetrte The Chrnesc are lhe ptonccr ol nt.rkrng tirst

rLscful de\lce br uhrch they measure the drrecrlons ofeanh_s magnerrc tield as shorrn Lrclou rn

li3ure I li

In 1064 firsr prot'essronal nalrgarronar compass fabacated rhrs rnrenrlon pla's a !rlur rore rn the

drscover! oi Ame ca and Af'reca rn 1.192 and 1433 respechvely fhere were manl \\rong concepls

regardrng the ongm ofmagnetrsm but rn but a first sclenhfic and logtcal text ..On 
rhe Magnet.. b)

\\'rllram Gtlbcrt rn 1600 olerthrew them Thrs efforl put the screnusts rn rhe rrght path nnd lJrer

on rn l8l0 Hans chrrshan oerstcd drscovered that a current carryrnc conducror ha'c thc maenerrc

licld around rt

h isto rv

t9
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frgurc I Ij I'he c.rrlrest magnettc devlce lrom Chtna South pornler

\lter thrs thc success goes on ln lhls tield and clectromagnellc lndtrctlon \\'as dlscorered b1 the

Vlrchael l'Jradayrn l82l fhebreak(hroughofmagn.tooptrcandtheNiaruell s equatrtln about

runrfied theory of e lectnc lty, magnelrsm and hght rn I 845 and I 86'l respec trr ely u as also a nrce

rchrelemenl 1_hts brrngs the many rmprovcments rn the human's hl'e tn the form oi eleclnc

morors. street hghts and telegrams [251

1.7 Phenomefla of magnetism

Ilatenals shoB the response ot anractton or repulston tn the prescnce ol-e\tcmcl magnetrc lield

\lostlv m..rtcnals show such t) pe of phenomena. some rellccts strong and somc grr c * c.tk responsc

trr the apphed magnetrc lield Dcpendrng r.rpon thls magnetlc response or behavlor ol lhe matcrl'rl

thev are grouped rn more or less lhrce or lbur categones [26]

I-urlhcr therc dre malnly two 1)pes ol magnctlsm

. elcctromagnetrsm

. pe[nanent-magnelrsm

fhe tormcr lerm rs related wrth the magncttc field produced by the unldlrectlonal motlon ol

elcctrons rnslde the current carrvtng conductor, whtch can be lound b) the nght hand t\alsl rule

The laler terrn ls rclatcd \llth the magnettc licld produced b} the spln and orbltal motlon ot clectron

rnsldc the.tlom nround the nuclcus []71

l0



ahapter 1 Inlroductron lo nenuscren!e & rc!llnor,'!)

-\r drscusscd abo\e that the mlcroscoptcallv lhe magnettc elfect generalcd rnslde the atom rs

because ofthe rntnnslc sp,n ard orbltlng motton olclectrcn that l'unher become the propert] ol

thc \\hole matcnal Thrs rs shoun schematlcall\ tn the tbllo$rns fisure I Il

$""'""

lrgure I l-1 Two lntnnslc motron ofelectron about nucleus sprnntng and orhrtrng

\ctually the spln moment cnd orbrtal moment rs because ol thrs rntnnslc mohon olelectron around

the nuclcus as showr ln figure I 14 These lwo moments of electron wlll t'urther comblDe ro

producc the toral magnehc moment

It rs obserred thal the magnetlc moments cancel cJch olher trhtch rcsults rlmost ,,cro or \c.rl\

magnetrc tield bul sometrmes rt ts also obser\ed that thet coopcrate \rlth e.ich othcr 10 (.ncrJlc

slrong rnagnehc lield thrs amazrng property ol the matenal depends upon the filllng and rnlillrne

thc atomrc orbrts fhe strong magnctrc lleld rs because ol the unparred electrons \r'hrle the rllled

orhrts sho\ s Neaker magnetrc field because the oppostte splns cancels out each olher eit'ect [2gl

I-rlllourng drtferent behavror of magnehsm ls e\pecled liom the magnerrc marerral

o dl,rm.tgneltsm

]I
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o p.lramagnetlsm

o lcrrom.lgnetlsm

o Jnh IcrTomJgnetlsm

\\ hen m.rtcnal ls subjectcd to lhe c\lernal magnetrc l'ield lhcn one must ob5cr!cd lhc

.llorcmenrroned magneltc behr\tor because ol magnetlc momenls ol the,rtoms ll{ll I'l8urc I I{

gl\e thc broad vler\' of magnellc m.lterlals lnslde thc pcrlodlc tablc ol elcmenls

l_rgure I I5 I)enodlc table ol magnctlc m'rterlnl\

I 7.1 Drnmrgncltc m.llcrlrl

\t.rllrhcorblralstjllcdandlherc.rrenounpatrcdalcctrons Juelo\\hllhlhcrcsrll hcnonragnultc

momenls rnsldc the dlamagnetlc matcrlnls The magnctl! susccpllbllll) hof dufiagelc malmals ls

l6s tlum rcrD Jmqjl rn tle order ot -lO'll0-lll fhts rsduethe lacl thal such matenrls sho\!s ncgolrve

rn.rgnclrlJlron thcrc m.r-tnctlr momenls oncnt lhemselvcs !ontr'ln lo thc lppllcd c\LcnlJl m'lgn'(lc

licldll uhenlhce\lcmal magnellL licld ls remo!ed thc\ \llll show \omc negdn\c m'l[nctl7'rllon a\

:hor! tn llgurc I 16

'L
Irsur,j ll6 Dl,rma-tneltc matcn.rls !rhen(a-lcll)no lic[l lsapplrcdtb_ccnlrc) l]'lJ lsJpplrcd

(!-nBht) licld ts rcmo\ed

- -l-l,rlF



Chapter 1 Introductron to nanosclence & lc(hnolo!\

1.7 2 l>errmrgn.trc matcrtals

P.rrJmagnellc subs(ances are thosc substances ln $hrch Partlall) tjlled atomlc shclls rrr oblts are

present fhat sTrhr unpa,rcd s elcctrons become the cause ofmagnellc mom€nl Thcse nlacrrltc

moments are oflented r[egularl] lnsrdc the materral as sho$n ln the tigure I l6

I rgure L 1 7 PrrJmagnerc marefl als w hen (a-leti ) no magneoc tield (b-nght ) dpplrcd magnetr!

tlcld

\\c concluded that rn the presence of e\temal magnetrc field the magnetlc momenls allgned

thcmselves rn the drrectron oi e\tcmal magneuc tield and a total mdBnettzatlon lvl=Nl,' obscr\cd

ln rhe matcflal \\hrch results the posrtr\e suscepttblllty

I 7.3 Fcrromegnrtic matarral

ln larromagnctrc mJtcrtals the magnctrc moment ol aach adlaccnl atom ls ahgncd f'.lrallel \\ hen

such rralen.rls sublected to ihe a\lemal magnetrc licld then lhetr Jtomlc magDellc momants

.rrrrnge themscl\es rn the drrectlon ol e\lernal tield and they $:ll remaln ln thc same posltlon c!cn

,rller rhe e(temal flcld becomes equal to Tero Co Fe. Nr etc are lhe best e\amPles ol lerromagnctr!

matcnals I'he magnetrc susceptrbrlrtv oI thcse matcrlals tsvery htgh upto theorderol 106 []ll

t3

n.-r -rpplrcd
rnnlr(d nr.igncll( ljcld
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Chapter 1 lntroduclron to nJnoscrcnae & tcchnolorr

I rgurc I l 8 Fcrromaqnetc materral u hen (a ) no magnetrc lielil l b ) mcgnet r( lield

I 7.{ -\nlr fcrromtgnGttc matcrtal

ln antr fcrromagnctlc subslances thc magnclrc momenls ofaloms alrgncd opposltel\ ,rs rllustrated

rn lhe llgure I l8 grven below Below thc Neel tcmperature let s suppose ll one group ls upwdrd

lhcn the olher surlr dounward *htch resulls ln zero sponlancous m.rgnetrc licld On eenarn

t!nlpcrature \!hcn Ihc), are sublecled Io e\ternal magnettc tlcld rhe\ \\lll ra\pond ltl( .l

f.rr.rnragnetrc mareflal \ rlh posrtr\e but smaller \alues ofmagnetrc susceplrbtltl\

l'rgure I l9 Antr-lerroma-enetrL m,rlcnrl

\a-,-r/7-r
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'hapter I
lntroducllon to nanosclcnce & ttchnolol'l\

1.8 Central principles of magnetism

fhe nct magnertc lnductlon out ol magnetlc materlal can be

iquJtron

B=p.H+poi\l

OR

D: g"(H+M)

(l)

(2)

$hen $e apply c\lcmal stlmulus H (e\temal magnenc field) on the magnetrc matenal due to

uhrch rnrcmal magnetrzstlon M produccd tnsrde rhe matenal rhe aggregate el-fecl ot thcse two

Ilelds ls denotcd b) B as gtrer' rn equatron I and equallon I \\'here ll ls also kno*n rs magnctlc

molncnt per unlt \ olume of the rnatcrtal

tLU: conslanl ol permeabtlrtl _l:I \ l0 
-u b \ ln

l_c\la l'l') or (['b/mr) ls lhe s]stem 
'nlematlonal 

unll ol_ ll' $hlle Am L ls lhe \\\lcm 
'11g11111tonal

unrtotH&M

1.9 Magnctic Pcrmca bilitY

ll !!c tall about lrec space then therc \\lll bc a dtrect relarlon posslble rn betueen ll & H trccan

\\nte lbr trce sPace thal B = H Bul ln casc ofmagnellc matertal lhc ma_tnellc lnducllon l] become

larger dunng the Presence oI e\temal magnellc llcld H !o uhat e\tcnt lhe magnetlc lnducllon

become larger thls rvrll dectdc the tcrm F known as magnellc pefineablllty" and thal can be easll)

undersund tiom lhe tollo$lng relatron

tt=pH

l'rom equallon I !\e can \lrlte thc relatlon for "magnetlc permeabrlttl as

p = l]/H
({)

Itcn!c \\c rrn sfy lhat lt ls the quotlcnl of ma-qnettc lnductlon otcr lhe 
'\posed 

e\tcrnal mJgn!trc

licld as lal!en ln cquatron '1. rvhrle thc Sl unrt ofmagnctlc pcrmeJbllll\ l5 u'b/'\-n1

t5

toune out $[h the help ot lollo\\rng

(l)



Chapter 1 Introduclron to nanosclence & technology

Rclatrve permeabllrq (!,) rs anolher parameter by whrch $e can undcrstand Ihe l'urther propenles

()1 the mateflal- whrch rs the quotlent ofp/ p.

fhe way \ne rncrease the lntensll) ol ej..temal iicld rn the same \ra) the \l)lume ol tntcrnal

magnetlzauon ol the magnetrc mJteflal rncreascs thls phenomcna ls llnked \!lth the n]agncuc

susccptrbrlrty lhe magnctrc susceptrbrlrty ol the maten. cJn be undcrstoLrd b\ the lbllo\\rng

e\pressron

v=1.H

Or

;q. = M/H (5)

It rs cleared tiom lhe above lbrmula ofmagnetlc susceptlbrlrt) that lt ts untt less because ll ls the

ratlo ofsuch quantrtres (Nl & ll) those posscs the same SI unlls

There rs also a mathcmatrcal rclatlon bct\reen susceptrbrlrl) .tnd mdgnett! permedblllt! lhat can be

(le\ eloped by the manrpulatlon of lhe abovc equalrons .ts.

tn=t+-l

l.l0 Magretization processes and hystcresis

The magnctrzatron canJ through lhe fcrromagnetrc materlals r\ rcrr rcmarlable rcqrrdrng

drlterenl reseJrch and de\rce labncalron pornl of\leu fhe rrell Lnoun matenals rcqardrng thrs

pornt of Ue\\ are Nl. Co. Fe and some ol therr alloys

The rudrmenl propen) ol l'erromagnetrc substances rs thelr response lo the etlernal magnettc tield

I{ 'fhe magneoc properry e\plarned or revcled by thc VSM rn ltl-l I loop descflbes lhe non-hnear

response of matcnal's rntemal magnctlzatlon M to the H (e\lernal apphed lield) as shoNn rn the

ligure l6 grven below The M-H loop rs also known as magnetlzatlon hvsleresrs cur\e

In order to obla,n i! 'll curve for thc undcrstandrng ol magnet,c beh,r\'ror ol I I! mntenal rl rs

placc rn lhe VSM characteflzatron lool lhrstool hasabrlrlttogcncratclhccur\chcl\een\1 .rnd

H lnltlnll) the snmple gels saturated rn onc dtrectron becruse ol thc rpph(allon ol c\tcmJl li!ld

ll and rn the dlrectlon olH Acluail\, Jll lhc randoml\ onenled m.rsnclrc momcnt ol all lhe domirns

(6)

l6
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rnsrde rhe marenal ananged themscl\es vvllh the e\lemal magnetlc tleld H produced b\ the supcr-

magnets or cleclromagnellc corls fhls potnt Is marked \\rlh !1' rn the llgure I l7 \\'hen the

c\ternal ljeld reverses irom rts m:tllmum 16lug 16\'"ards lhe mlnlmum \aluc the ma-qnetlzcd

Jomarn also re\erses but not mo\es back 11ng6111 urth the lield H '\cn 
lhough the H becomes

lero but therc ls sull some magnetlzatlon Inslde the malenal lhls phcnon]enon ls ol rcmanent and

srmbohzed by the M, lnsldc the cur\'e on !_axls At lhls staee le\\ maqnettc moments ol the

donrarns get re\ersed \\lth the lield tl that s \!hy \te obser\e \1' lnslde lhe malcnal shlch ls

hecause of prertously saturaled magnellc domalns Aller thls the c\lernal lield becomcs negrtl\e

so lhat to oblaln zero magnellzatlon lnsldc (he malenat Thc magnllude trl H !\here the M rs almost

zcrLr rs Lnosn;s the coerclvc licld H, as shoun rn lhe Nl_ll cune \l lhls staqc lhe dom'rlns oncc

rgiln ls \o rfianged (hat lhe) cancel out cach other etlecls \hlch results rn null or /cro

m.rgnetlzatlon \\e can also s.r! that at H. tift) perccnt of the donralns rcverscd agalns( lhe

saturated dlrechon of Mr When we lurther go lncreaslng the H In opposlte dlrectlon lhc resl ol

thc domalns get saturaled ln lotally opposltc dlrecllon unlll to rcach the opposlte mngnellzatlon

SalLlratlonFordemagnetlZallonoltcrromagnetlcsubslanccthernralheflllngaPPllcd

l_rgurc I 10 \1_ll cun'e ot a lerrolnJgnetlc mrlcrrJl

11
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Somc oi the rmpon.rnt l'erromagnetlc

rllucs grven rn the table 0l

matenals have the tbllo\\lng saluratlon magnenzatlon (l\1,)

lrble O I Values of saturahon magnelrTrllon ot FI4 materlals

l.tl Shape lnisotroPy

lhe shape oIthe sample and aspecl ratlo as well. hrs thc great rmpact on dcmagnettzatton energl

or lhc shape anlsotropy ol'the sample or matcflal It's untquely a pure propcnv ofthc materlal lhal

dcpends upon the srruc(urc drmenslonallt) Thc magnetlzaoon process lnslde lhe prolate spherold

.rnd sphere ls lolall) dttferenl becausc dltTcrence ln struLture (seml md]or rnd mlnor 'l\rs) ln

\phere lhe magnelrzatron occurs unrlbrmly rn all dlrectlons rather ln prolate spherold Ihelr

magnellzatron process occurs easllv along the cvlrndncal a\ts rclhcr than dlametrrcallr' At nano

lercl especrall!' when we talk about lhe one dlmenslonal struclurc lllc n'no \\lres and nano lubcs

thls ct'lecl ha\e lts o\!n great ctfecls and wonh because ll dellnes or alter somc olhcr nlagnctrc

propeflres ot the matcrlal I e lt *lll llmlts the magnltude ol coercl\ lt\ ln M m'tleo'rls In 'r Nr)

to comprehend lhe concepl ot shape anlsotropy let us taLe the e\nmple ofprolatc sphcrortl $hrch

r: rcr\ close to lhe samples structure labncated ln lhls presenled research rvorL r c NW" l-hc

prolate sphcrord rs grren rn the ligure I l0

CossFc.rs

t8



Chapter 1 lntroductlon lo n.rnosclencc & leLhnolog)

I rgure I 21 Prolate spherold s schematlcs for shape anrsotropy

When e\temalmagnetlc field of some sullable magnrrude magnellzes Ihe prolale spherold to some

.\rentMb) maktng angle 0 $ lfh the c (prolate majora\ls)then lheL\1\ _magnctostailc encrg!

can be mathematlcallY Blvcn belo\\.

Lus=|Mz stn 92 (,ryo -,{c) 17)

\\ here Ihc demagnetrzatton taclors lotlards a-axls and c-axrs arc lllustFled by thc \" & \"

respccttrell [331

'fhc shape antsotroPt constant can be \}'ntten as 1n thc present case ofprolate spherold

K,:+Mz(N4-lvc)

Whrle rhe shape anrsotropy constanf' Kr spec lfy the aspect ratlo (uhrch rs ln Seneral'

)"

l8)

length o\ er

= 0 then *ei\rhc .j,umcte,) ,n order to tind lhe shape anrsolropy For rnstance tahng N' = ln and N'

rRhare leh rrrth thrs relctlon [iR-]q]
N E\rs -L Mr(?n _U)

Evs = M2(r - 0)

Eu,s =M2r

That s why rt can be thought-out thal NW s and NT's hale therr casv arrs along the Brre and tube

length respcctrvely

l.t3 l-D magnetrc nano structures & their applicrtions (NW")

IIcrelsthebtrd''e)e\'tewoithenanorrtresoivanousmaterlals'indespecralllmagnellcmalcrlals

-\ nano \\rre rs such l-D structure ln $hlch the transporl ol charge canler ln lwo dlmenslons ls

prohibrtcd Because ofthls tvPe ofnano structure nano wtres and nano tubes haYe dtrerse area ol

:9



Chapter 1 Introductron to nanosLrcnce & technolos\'

applcatrons regardrng technologlcal de\ tce potnt of\ tew \omralll rhe d rametcr range o I lhe \T'.
.Ilrd N\\"'rs rn the order ofmanometer vvhtle the length rs rn the rance ofsome nm to t'ew mrcrons

Due ro thesc untque slze ranges ol these nano stmctures become the cause of tremendous quantum

mcchanlcal cllects As compared to bulk the nano range srructures hare ertraordrnarl physrcal

propertres and charactensttcs I e 'electncal. opttcal and magneltc characteflstlcs presentl\ the

nano screntrsts are researchrng and m!esttgatlng thelr grcat properttes fbr manv potenhal

apphcatrons [34]

In thrs rcgard many krnds ofnano * rres and nano tubes are f'abncated ofdrfferent surtable matenals

-qrrcn lo the table 02

Tablc 02: Nrno rvrrcs of dtff.rGnt matcrills IJsl

Nlctallic Scmiconducting Insulatlng

\rckle Srhcon srLcon drorrde

Pldlrnum Indrum Phosphrde

I .13.1 Mrgnehc Nanowrrcs

\orr.a'days magnehc nano matenals and lherr structures are ar the top prrorrr\ basls ol lhc

researchers The world's cunlng edge research on the magnellc nano \\1res and tubes rs the brg

;rplanatron oftherr rmportance berng utrlrzed ln the dtf[erenl pallerned magnclr( dala slorarc

Jevrces Irke MR{NI. R,,\CE TMCK memory and substance for mrcror\ave apphcattons erc Ij6-
l7l The mlstert ofmagnettc one dlmenstonal stmctures rs sllll under drscussron and rescarchers

lfics ro e\plored therr essentral sctcnnlic tssues such as. ..shape antsotropr as opposed to magneto-

en stallrne lnrsotropl. cstabltshtng thc easv axes for 1\ plcal prepanng condttrons .rnd descnprron

ol mdgneto-stattc tnreractron between wrrcs" There are numerous mcthods to l'abncale thc l_l)

TlO2 etc

i0
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m.lgnetlc structures. but electrochemtcal fabncatlon process ls one of the best .rnd !cst etlcLtl\ c

teLhnrques (AC & DC labncatron process) Possrn \ as lhe screnlrst *ho publrshed tor lhe iir\l

rnne thc deposrtron .rf NW's by rhe electrochemrcal deposltron process ln 1970 At lhal trme hc

madc usc ol tr,rcl mrca lilms lor the deposrtron ofN\\'s [38-391

('oNIn allo) Nr. tr-r Sn and NrFe N\l"s has been tabflcated for dtlferent tcchn(rlogrcnl

Jppllcatrons Erperrmentally rt rs pro!ed that lhe retantrvtt). dlpolar lnteractron betwcen the $lres

and coercrvrty can be tarlored by changrng the dtameter and latcral length offte wrre By changrng

rhese maqnetrc propenres we can usc thesc NW's rn dlfferent data storage de\'rses Cobalt

m.lng,inese Jlloy u'lth large aspecl ratro rs consldercd good for random acccss memory I'10-'ll I

Hrgh coercrvrty rs the brg demand of the data storage devrces that rs tulfilled by thc hlgh aspect

rJtro Jnd $ lth packrng densrty at least l0rr 1r+ ['121 In thls rescarch \\ork Nt,Fe r , nano * trcs and

rano lubes n.e f'abncaled and characterlzed lor the purpose ol data storage dcvtses \\e trr our

la\cl best k) produce the nrno \\rrcs of hrgh densrty and homogeneous rn nalure rs luflhcr

!\plarncd rn thc upcomrng !hapters

ll



Chapter 02

Synthesrs ol l-D nanostru.tures

Synthesis of l-D oanostructures

2,1 Introduction

lhc gro\\th ol nano structures tbr dltlerent multlfunctlonal Jppllcailons ls carned out \\lth

drtterent routes and methods 'l'echnrcalll or screntrllcallY thcre are malnlr lql)

apprtraches lbr lhe t'abncatlon of dtfferent nano struclures and these tso approaches are

(r) Iop down Approach" & (II) 'Bottom up Approach"

On the behall ofabore menhoned approaches there are t'urther techntques to produce nano

structures lhese technrques have thelr own ments and dements regardlng thelr

productlon cosl and yreld quallt) The followlng schematlc dragram llluslrates rhe\e nano

fabrrcatron technrques wllh resPcct to 'Top down & Boftom up Approaches"

- ^--aiiid

frgurellSystematrcdlasramolfabncatlontechnlqueol_nanomatcrlalss-'-nthesls['l3l

2.2.1 Top-dorr.l tcchnlquc

It rs the process ol spltttlng up o[the materral tiom bull' lc\el to a \er\ mlnule Ie\cl ol

nano meler ran8e Overall \\e can say that the top dosn approach rs h;src'rllr

mrnraturrzatlon ol bulk materral up to thc nano or mtcro lcrcl c\tent lhc marn prohlcnl

l\rlh Ihrs techntque ls that lt Llcates Impcrtcctlons \\lthln lts nano producls Rlll on thc



orher h.rnd lt

compJrcd to

lrthograph)

Slnthesls oI l_D nanostructures

the nano producllon liom thls melhod ls \er) cost clfectl\e Jnd \er\ cas\ as

lhe rest ol thc technlques Top doun approach rncludes the _tleclron berm

hlgh-energ) wet ball mllllng gas_phase ctlndensatron Jerosol spra) Jnd

manrpulatron as tls nlaln lcchnlques io s\nlheslle lhe nano produ!ts

2 2.2 llottom-uP lcchntquc

llotlom up technlque ls lhe reclprocal bottom up lechnlquc req'lrdlng concept and as *ell

os e\pe mcntal Iab worllng ln thls conte\t ll wlll be qulle nght lo sa) thal lhe bollom up

lechnrque Is lhe name ol seulnq or knltt'ng of atom to mdLc the dcslrcd nrno prodults

l_he !\ell knot\n methods rrhrch comes under the headlng o!_ thls tcchnlque 'rre

h\drothermal synthesls Organo mctalllc chemlcal route solgel synthesrs collotdal

precrprtatlon. re!ere'mlcelle route. temPlatc asslsted sol-gel" etc flgure l: lllustrate lhe

Jll scrence Jbout top doun and botlom up technrques

.l',,ll;!n

t
- 

L]/t
1'!l Cr 0x--P.,r*r.-::)L.D( tt),-

'.:i-; {J , 
",',.'.O^-\)

t
.-t.

?A:P
aftta?)

@

Frgure 2 2 Top Down and bonom up Approach ot s\nthcsls processes []{l

Electro-chemrcal deposltlon ls an eleganl. cosl eft'cll\c ^lnd \cr\Jtlle ln thc dcposrtron ol

nrno srruclures INW'.NT-b & NR") Cmong all lhC abo\c mcnlloned lclhnlques lhc

tabncalron ot an1 Ltnd ot_ nano slructure eleclro_!hemlLrl deposrtron cmplo\s thc

loncemcd slruclure-s melal pa[ern whlch ls Ino$n J5 lcnrp]atc Ihc templ'ttcs urt

clectncally Insulalors because ofo\tdallvc la\er and thelr ltrrmula ts \l:(): l}o mcdlrrl
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sensors. non-Inear oplrcs. magneto optrcs. semrconductors mlcro electro mechanlcal

s.,-stem and all other technologtes requtred sultable nano struclures lbr present and t'r]ture

technologrcal appLcatrons or de\rce Iab catlons 155,65]

Thc demand ol-such i'uiure rechnologrcal appllcauon rs tlltlllcd bt anodre alumrnum

o\rde (AAO) templates whrch solves all the key chailenges ol'the presenl nano-fabnc.ttron

lcchnology Ihe maln lc) challenges are gl\'en bclow

'/ [-o$ cost

'/ I arge productron ofnano structures

"/ Ilomogeneous growlh

'/ \'ersahle ln \ leldlng ndno slructures

'/ IIa\e control o\cr gro\llh

In thrs wa) \ c can say that templates based n.rno labocatron ls ha\tng morc !\onh ind
lalue as compared to the other synthesls technrques re e-beam & ron beam nano-

lrthography. Vrpor lrqurd-sold grouh erc [56-58]

v!'e ha\e ercat control over the aspect ratto (length oYer the dtameter) and dumeter ot

nano-structures bv usrng 4.-,\O templates [59-61]

\.\() lemplJtes hare great po*cr ot altractron k)r sclentrst anil researchers becau\c ot

therr hrgh densrty and reeular drsrnbuhons of porcs Ifr2,6] I

In thls w.ry tor the sake ol metallrc nano-structures thts lcchnlquc rs plal rng a \ llal rolc ln

rescareh and terhnology

2.2 AAO tcmplates

Whdlman rs the compan) uhlch commerclallv s)nthcstzes lhe rempl,tles lhere are r*,o

marn Llpes ol tcmpldtes \rhlch rre lormed bt annodrzatron process I'he names ol tha

templates arc (l) anodrzed clumlnum oylde templates. f) polycarbonate mcmbrane

tcmplatcs

\ nodrc alumrnum orrde constsls ol unlfolm cell struLturc ha\ lng he\agonal selforganrzed

nJno pores l-hc growth of nano pres rs rerlrcal ro the mcmbrane surlace. rrhrle each pore

rs parallcl to eaeh orhcr as shorvn tn ligure I l. gt!en belo$
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I rgurc I I (a) Schemalrc dlagram oianodlc atumlnum o\rde (AAO)template and (b) srde

\reu oIAAO templates (c) lop \re\\ [70]

'lhe tbllowrng expenmental parametcrs or phvslcal condrttons hare great lmpact on the

strucrurai characrcnstlcs olthe AAO cyllndrrcal pores tn such a $ar lhat \\c can tunc up

lhc. lnter Frorc dlslance lDn,) lateral lcngth pore dlJmeler (Dp) dnd regulanl) oflhe A{O

pores

/ ,\pphed !oltage (V!pp)

,' Tcmperature

/ Tlme

/ Nafure ofacrdlc soluhon llke HISOa or o\allc elc

/ Punty ofacrds

'/ \{olcflt} ol-acrds [65]

lmtlally AAO temPlates were tormed as a protecll\'e la-"-er becausc lt has lhe propen\ ol

Jnll corrosron Strch lvpe ot AAO templates coallngs \\erc ilso used ln mcchanrcal

rndustry where the surt'aces of dlffcrcnt ktnds of tools !\ere made protectl\'c and *ell

tlnrshed or smooth [66-67] There lsaspecltlc process kno\\n as tt!o stcP annodlzatlon b!

rrhrch homogeneously self orgamzcd pore membrane 1'ablcarcd [58i Accordrng lo thrs

method the lotto\ tng De nnd the coresPondlng to D'nr \\cre publrshed rn the \crentrtic

lrteralure wllh the follo\!)ng slze,

Do:6nmto200nm

D,nr= b5 nm to 500 nm [68-70]

Drlferent klnd of rmpuntrcs tmperftcllons and the graln slze ol Al loll ma\ ha!estrong

rmpact on the tlnal structural paraflEters ofAAO templates The researeh tn lhe ljcld ol

(bl
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e\cr\ area ofsclence and technology ls rernlbrced wth the \ersatlht\ ot A4.O templates

[7 ] I 'l he pore densrty ol /\AO templates ls rn the rangc of I 0r I p,'cml b! u hlch researcher

may Jble to synthesrze a comprehensrve numbeE ofnano \\lres slmultaneousl) fhe other

amazrng f.ature ofAAO tcmplales rs that when the) react \\rth phosphonc aerd therr pore

drameler becomes wrder [72] From tigure 2I rt rs cleared thal AAO templales have 2-D

Jrrd) ol unrlorln srze cyhndrrcaland hexagoaal packmg ofpores Futhermorc wc can also

sa) lhJr AAO lcmplates are best substrale to deposrt drll'ercnt metals lrle Nr. Lo Ic and

Cu

2.3 fxperimcntal steps for thc fabrication of AAO templates

\\e can prcpare a \er\ line qualrl) ol AAO templales rnsrde lhe -qraduale phlsrcs lab

easrll bl pcrtormmg thc tollo\rlng sclenllflc e\perrmental stcps

sTEP-1 )n,*r"'i,,^

srEP-2 >^:::1ff:"

sTEP-3 >,,.::::",

sTEP-4 >i""'."J:.iH

STEP-s >fl:#HI

STEP-6 ),...,".sor

STEP-7
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2.3.1 !llcctro-Polishrng of ,{l Forl

Ihls eleclrochemlc.rl proccss ol electro_pollshlng Nas perlbmled al roLrm tcmperalure

l)unng thls process the lrregular su 'ace of Al loll $ere made smoolh tor the gro\{th the

{AO lemplates Durtng thts chemlcal process the dlrt from the surlace of Al tbrl llas s"en

remo\ed clearly Just after the 60 to 70 seconds The uhole chemrcal process almost takes

at leasl I mlnutes Follou'tng aclds ulth certam proportlon \vere used to prepare the

clectrochemrcal solutlon

HCIOr -lioi, and ethanol'75oo (l t b\ \olume)'

-\bout 9 !olts constant DC \oltage \\'as aPPlled for three mlnutes tor clectro-pollshln8 At

lhe cnd of chemlcal reactlon thc ,\l strtp was temo\ ed from the spparatus Jnd nnsed \ lth

drstllled water rnst,rntly A \ery llne and smooth rellectlng shln) surlace appe'Ired \\hen ll

gels fiec tiom morsture anrJ completely dned as sho\\n ln the tigure:-l

+

lr

Frgure 2.1(a) Schematrc rrew oielcctro-pollshrng (b) Electro'Polrshed Al ibrl

2.3.2 First Anodtzatron of Al foll

After gettrng the electro-pohshed Al foll the nexl process of anodrzalton ucre perlormed

rnsrde the specrfic acrdrc electroll4c. phosphonc acld of \{olarrt} 0I lvl Durtng Ihts

pro(css a slralum ol All0r depoeted *hleh made the _\l toll lnsulalor Ihe lirst

anodrzatron nas perlormed al 5 oC for tbur hours undel consunt \alue of DC \ollage b0

V fhe templates lormed ln tirsl stcp ofanodlzatlon llttle blt lrregular but thev were madc

smooth and regular rn second steP of anodlzahon The chemtcal reacllon $hlch taLen

CI

0
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pl.rce on both cathode and Al stnps \r'hrch tYas connectcd \'lth anode can be \!ntten ln the

lornr ol rn the lollowrng ehemrcal cquatrons

. I h. Orcmli anodrzarron ot Al rs

.l \l + ill.o - Alro, + lH.

- The Anodrc r.aoLon lallng placc a! mctal-ohdc boundary ls

.lAt - lo:- \l.or - 6c

Thc Anodrc rcaclon proc.cd er orrdc-cl€ctrol)lc rnrcrf.cc

.lAl'r lllr() .- AI:o- + (,H'

Whcn porous oxrdc hyer rs formcd

- Ihc r€acuon at cathodcs rn whrch hydrogcn Bas rs Lbmtcd

The e\penmental setup for the first anodrz-ahon rs sho\\n ln Ihe tbllo\4rng llgure

Frgure25(a) e\penmental setup for,\nodrzatron and (b) Al lbrl dtier llrst Anodrzatron

2.J.J Sccond .Ilodiz.tion of Al foil

lhe gro*th ot AAO templates rs actualll the qronlh of o\rde lalcr re r\l:O: Ihe

Jrrccllon o1 deposruon or the c\olulron ot rhls o\rde larer rs entrreh clectrrc licld

rlependcnt rrhrch rs setupon the AI str,p. drpped rnacrdrc elcctrtrl)le. as.rnJnodc fhlsls

Jlso observed that durrng first trmc Jnodlzatron process thc qradual evolutton of o\lde

l.trer was not so smooth almost rrregular ln nalure schematrcall\ sholrn Lnstdc the tlgure

I6 grven belo*

l-_-l ::
l(r)
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-r': :lecfcpo st lg

9i

t ,Sl 
A10{rz2,,lcl]

a,- 

t+ 

- 

rlelirerrel * t+t...^.1

1

I'rgure I6 (a)Al tbrl betbre electro-pohshlng (b) Aher Electro-Pohshrng (c) Frsl

r\nodrzatron (d) etchlng Process (d) Second Anodrzatton

As rt ls hrgh demand of the betler iesealch to gron regular. homogenous and stralBht

pores ot AAO thais uhy *e cannot rell on the tirst imodlzJtlon Nou ln a \\a\ to

solvrng thrs problem ol lnegularlty ot AAO Pores the slDp \!as dlpped lnsrde thc lcllo*

solutron and pul lnto the o\en al 60 oC for one hour and (hlrt) mlnute fhls process ls 'llso

called heat treatment The yellow solutron tngredrents are HrPOr 6 rrr 'o and CrOl I U wr

oo aLrd Durlng thts process all thc lffegularllles ot thc AAO o\lde la\er ucrr etlhcd Jnd

the ,\l stnp \\as only lch \',lth the tbotmarks ofthe earller e\olullon or gro\flh ot oxrde

la!er ,\fter geltrng thrs AI strlp lt was further rrnsed wrlh dtstllled water and tastens \!rth a

suppon rnsrdc the lab to dry rt at room temperature Nou thrs \l st p rs read) lor the

sccond annodrzatton the annodzatlo[ patameters \llll rcmaln same but reaotlon ttme ls

rncreased up to 12 to l'l hours for the sake of better and lanerl,'- long and well ordered

homogenous structurc oi AAO templates The structure or the geometry r)f AAO

'templates rtght now entrrely on the same track or tbot prlnts 01 lhe prevrous but the onlv

good rhlng ls that rt ls nol llke before re rrregular ll ls no\! tulh ordered tbrm *lth

he\agonal structure ol AAO as shown m thc tigure 2 7 gr''en belou

[.$-BI
Figur.2.7 SEM. hc\agonal structurc oIAAO templates

I he \alue of current docs not remain constant e!en the value ol Yoliage remaln constant

rhroughout thc reactlon Thrs ls because the tict that the growlh oi or'rde laler
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Lonrnuously rncreaslng and ll rs lnsulator rn nature due to whrch cunent doesn t remalned

same and drops to some e\tent \rrth thc passage ol tlme

2.3.5 D.t.ching of barncr leycr

'fhe b.lrfler of AAO templates \,\cre remo\ed at lhc end ot second Jnodlznllon l'hc \l
Itflp \\as not removed f'rom the acrdrc electrolyte lt was kept In dlppad posltlon and lhe

proLcss ol barner remo\rng started The process ts so srmple. rl rsJust Ihe slepplng do*n

the \olue ol Yoltage alier somc specrfic trme About one volt ls dropped atier three

mrnutcs Duong thrs process of barner breakrng lhe value oi lurrenl dropped graduall]

uDhl reached the mlnrmum \,alue r e zero m A. at that llme fie barner laler completely

removed trom the bottom oi template" The Al stnp was then removed .rnd liom the

Jppar0tus and rrnsed \\rlh the dlstlled \\ater

2.-l Factors affecting thc evolution of AAO template

follo* rng t'actor can atltct the gro*1h ofAAO templates rn dlflcrent \ a\ s

r' ,furodrzatlon \oltage

/ ptl ofelectrol].te

"/ -\nodlzahon tlmc

The researchers linally linds answer ot m\sler\ thdt Ihe shape and slTe ofAAO temPlates

cspecralll therr drametcr. entrrcly depends upon the anodlzatlon voltage Thc bamer laver

lan also be tune up \\lth the anodrzatron \ohage The slze ot nano pore dtameter ls

drrecrlt proponlonal wrth the anodrzahon \oltage.tnd lt ranges lrom I nm to I I nm Per

\olt [7i]

lhc ncrt parametcr fiat alfects the evolulron and growrh ol the A.\O tcmplales I\ pH

taluc of rhe acrdrc electrollte l'herc are three marn t]pes olacrdrc eleclrol)les uscd tbr

that purpose

Sulfunc acrd lHrSOr)

Orahc acrd (H:C:Or)

Phosphorrc acrd lHlPOr;

lhe mtrlantr and pH ol cach acrd hare

lcomclrv II rs expenmentallv notrccd that

rls o\\n rmpacl on lhc fbrm,rtron ol templdles

lhc pore dlamcter rs rclalr'cl) small h) sultunc
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.lLld Js compared lo the resl oi the aclds Bur lhe anodlzatlon tlmc ls predomlnantl\

reduled bv uslng sulluflc aLld as an eleclrolvle 
-lhe 

above lnentloned eleclrolltes hrve

thelr o\\n li\ \alue o[ \\orklng lollages and molarlrles upon \\hlch the] rrorl soundl]

The pore srze and regularri) oflhe pore clhnders ts expertmentalll observed rc4 good ot

larger srzc by Phosphorrc acrd [74'751

l'he formatron o[ AAO lemplalcs means thc gro$rh oforrde l'rler on the '\l torl fhe

gror.th olortde later cxn be lncreased by Increaslng the anodllallon tlme slmpl! ln thls

\\a\ \\e can sav that the laleral length ot lhe nano Pores can be al-tected bv the anodlzctlon

tlme lf the reacllon tlme ls largcr than as aresult ol thls lhe l'rlcral lenglh ol thc l!'mpl'rlcs

.rlso becomes larger [76] 
'fhe follorvrng SEM lmages gl\e prool oi lhrs lact In rncrease oi

lateral length of lemplates that rs fabrlcated rnto lhe o\ahc 'rcrd of l0 gram'l at room

tcmperalurc wrth '10 V of anodlzatlon voltagc

(b) 6
I rcure I I Ihc lhrckncss

ho rs (58 um) .1nd (!) li
ot AAO tcmplate wlth thc anodrzatlon lrme

hours tlll um) [E3l

2.5 ElectrodePosition Tech nique

Electrodeposltron tcchnlque rs Just llke electrolysls process In lhls lechnlque the l!!o

clectrodcs drpped rnsrdc the acldrc electrolytc and lhen cudent passed through them

Durrng thrs process the soltrllon dccomposes lnto Poslllvc and ncgattre lons lhal turther

{ct deposltcd lo lhc opposlle Pol.lnly eleclrodes

I lcLlrodcPoslllon tcchntquc ts \cr\ uselul Js lompJr'd to thc rcsl ol_ ph\\rerl rcchnrqttc'

Ihls lechnlquc ls !ery cost elfcctl\e and \erv \ersallle lo labrlc'rle dtllcrcnl nrno

rlruclurcd speclall! nano \!lres and nano (ubes lherc Jrc thrcc marn t\pc\ ol

clectrodeposloon lcchnlques ln thls tcchnlque rcsearcher ean use the lab en!lronment lo'

lhe tabrlcatton ol nano slruLlures ln olher \\ords thcrc ls no need oI an\ c\pens!!c

(a) I hours ll0 um)
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apparatus or equrpmenls llke ultra hrgh racuum technology etc l'he deposrtton rale ot'lhrs

lechnrque rs relatl\cly hlgh ln comparlson \\lth lhe olher ph)slral deposlllon lechnlqucs

.\lt those clcments and comPoLrnds thal liel or e\Parlence lhc clecrrostatlc lorce Lan be

deposrted by usrng clectrodeposlllon lechnlques follo\\lng chcfilcal paramelers play a

vrtal role ln deposlttng the metal elemenls

local cllrrenl densrty

elcclrolyle concentrauons

buller capacrty

pH

lc\ellng agcnts

brrghteners

surtactanls

conlamrnanls

tcmpcratLrre

Jgltalton

substrate propertres

eleanrng procedure

'fhe schcmatlc \lew ot elcctrodeposttlon apParatus ts shorrn tn the li-qurc gr\ cn bclo$ In

\\ rth electrodepostllonthls research work thc deposlllon of l_d nano structurc ca[led oul

lechnrque rn laboratory made \AO lemPlates

P,11,L'! \lt.nt,' _r,r(

L,,,,... 1 R nh^i.^.hF-,, rl ,lP-^e I I I'tH
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2.6 Templete assisted electrochemicrl deposrtion

There are rwo types ol templ"tes the first one rs anodrzed alumrnum orrde (A\O) and

pollcarbonate membranes l-hese lemplatcs are a\allable rn market made br thc

Whatman Company but both oi thcm can also be preparerJ rnsrde the ldb 01 Lhe snmc

qualrt) One can also prepared the cholce o[ lts oNn templdtes regardtnc pore \lze and

nano c)lrnders length or on lhe other hand can also buy liom lhe markct ibr rcsearch

worL

2.7 Types of Electrodeposition

Baslc,lll) there are lhree \\ell establrshed and \\cll practr(ed elcctrodeposrtron mcthods

uhrch are grr,en below

I [)C I Dlrcct Current) clectrodcposltton

Il Pulsecurrentelectrodeposltlon

llr {lternauns Current (AC) Electrodeposluon 178-79]

In DC (Dlrec! Current) clectrodeposrtton we need such npe ol,,\AO *hrch rs completely

detachcd lrom lhe substrate (Al) In thrs regard one should dcposrr the a1 least ]0 Im thrcl

orrde laters so mav:rblc to remove castly Afterthrs detachlng process lhe dctached la\er

underqocs the process ol puttenng ol conduch\e la\er trom an\ one ol lts cnd The

sputlered conductlng larer has thrckness range i'rom the lew nm to 300 nm dependrng

upon the nature of rhe deposled struclure Thc electrodeposttron lechntqucs olher lhan l)C

electrodeposllron techntque do nol rcqutred the detachmenr process ot AA0 templales

l'he mostly used method ofdcposruon ls AC deposlllon mcthod because ol_lts slmpllc \

and easy handlrng and good results tbr the naro ulres [80]

2.8 Evolution proccss of Nanowires

l'he evoluhon process of nano wrres starts lrom the boltom oftemplates thal ts sputtered

$lth the Cu conducrng layer and placed al the negatrre clectrode knoun as rtorkrng

electrode \\'hen the sputrered remplates drpped rnsrde the eleclrolue olong \\rrh rhc

sorkrng electrode then the currenl passed through lhc clectrol\1e dunng lhts proccss the

solutron splls up tnto tts posltlve.rDd negau\e rons fhe dcstrcd tons mo\cs Lorrards rhe

lcmplates and gct deposrted rnsrde ttrc pores ot rhe lemplatcs Spe!liic and sultnble dmounl
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oi ncgatrYe porentlal applled to the worllng clectrode tbr lhe deposltlon ol respectl!e

Posrrr\e rons [8 ]-8f]

2.9 Synlhesis of ferromagnctic Nis0Fe20 nanowires and nanotubcs

In order ro fabrrcare ercellent permolll of Nl80Fel. DC eleclrodeposrtlon technrquc'

emplolcd The setectron oi lhts technrquc ls because of lls o\\n \!onh ol a\cellcnl ndno

producls IlLe nano wlres and nano tubes \\'e used self made \AO lcmPlales lor thc

tabfl !atlon of permolll mentton abote

2.9.1 Crowth of NttoFcro \Ws

fherecrpeoichem,calsusedlbrthcpurposcolNrx,rFe:r,NWsrsgl\cnrnlh.tahlell

Table 2 I Chemrcals uscd lor NtroFe:o N\\'s

Chcmrcu ls \urt:rhle R.lro

Il) usrng thc above recrpe l5O ml eleclrol!1e were preparcd Ihc sell mrdc \ \o

templJtes wcrc sputtered rrrth Crj layer of 300 nm by L l-\'r\C lo malc thcnl londuclrng

['unhermore rhe \AO templates wcr! pasted above Ihe tl'orhng eleclrode and then linall]

c\poscd to lhe clectrolltc lhen a _lv cpplled lo lhe \\or[rng clcctrodc ot lhrs lhree

clectrode cell Ihe elcctrolysrs proc.ss lakes place durlng \rhrch poslll\e rons produced

Jnd lhet get deposrled 10 lhc rnsldeofthe AAO templales fhe process ol rcduclron lool

placcd here because ot qarn ol elecuDn lrom lhe xorkrng potentral lhc pro!!ss \tdrl\ lor

dllltrcnt duratrons ot lrm€ ln order lo male more lhrn onc sanlPlcs

\tSOr 6HrO

Sodlum Crtmle

FeSOl THrO



2.9 2 Grotr th of NrloFero NTs

Ior lhe gro\r1h ol_ NrsrrFe]lr NT's iollorlrng reclpe ol the chemrcals \\ere nrade use as

shorrn rn the table 2l

Table 2 2 Chemrcals used lbr Nr*rFero NTs

Chcmrcals SurleblG lutro

\rSOr 6H:O

S\ nthesls ol I-D nxnosrructurcs

03579 05g

005 t)058g

006 005s

FeSOr 7H:O

fnton-100-r

In.r*J\ lo makrnq nano tubes a l0 nm lhrn la\er ol Au ,,ras spultered on one srde ol lhe

\,\0 templates lhen ue tollorv the same procedurc rnsrde the three eleclrode ccll as

follosed ibr lhc nano \{rres Ihe same value of-lV ls used lbr the reductron ol posrlr\e

lons rn lhe AAO templates But at thrs lrme lhe posrlr\e lons get reduccd b\ gettrng

eleclrons lust \\rth the llalls oiAAO templates and become solldrt,\ lo llnall) torm lhc

\f s of the affbrd mentroncd permoll\ Ihc uhole crperrmcn(al sclup rs shorrn rnsrdc lhc

l'igure29grrenbclo*

Sodrum Crtrate



Characterrzchon lechnlques

('hapter

Cha racterizetioc techniq ues

3.1 Introduction

Just atter the daposlhon of feromagnctlc nano slruclures I e N\\''s & NT s lhe nc\1 slcp

oltheresearchlslotn\estlgatethehrddcnscrenceorph)slcs.rtlhenanole\elForthls

purpose the deposlled materlal samplc $as sllced lnto dlt'ferent appropnate un)t slze

ponlons tor the sake ot dltterent characlerlzatlon technlques tollourng are the malor

tcchnlques bY whrch the sample undergoes to collecl lhe ra\ data tor the anallsls ol_

dri-ferent phenomenal tlature of NrFc permoll)

frgurc J I Impo(ant &chnrques ofthrs rcsearch prolect

I he scdnnrng electron mlcroscop) ol tlE sample prot ldes thc elear rmauc ol thc samplc 'rt

drlferent opltcal zoomlng slTe ln gcrral fhe surt'ace topolrJph\ |\lll bc .j\plalncd

rhrough thrs tcchnlquc (Jne can cas -v undcrsl'rnd that $cathcr the rlcstrcd strrrcturc

tormcd ornol lrke rn olll research $c uill see lhat tleJlher lhe N\\ 's or N'l s lormed ln 'r

sood $a) or not 1_he regularrty and sure other me'lsuremcnls regardrng thc lcomelr) ol

lhc slruclure Lan also be taken tiom tll SEIU Uell the Vlbratlng Samplc lIa-gnclomctcr

lVSlvl) pro!,LIes lhe Intormatlon regaf(i!g mugncllsm ol the rtcrrrl Il pro\ldes thc i\1-il

lllne L,t lhe sample trom \hlch man-r propcnres lrle coerclrtll and rcmcn'rnce ol thc

0i
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nraterlalconbeobtarnedFN1Rlsalsoanadvalcedtechnlqueb}$hlch\!ec.rnlindout

thc \(,mc lerromagnctrc respoDsc ol the sample b! apPl)lng e\temal magnetrc tield lhc

lurthci c\planatlon ol_each technlque Is ql\en below one b) one

3.2 Scanning Electron MicroscoPe (SEM)

Hrgh resolulton tmagcs of a sampte surface can be created uslng scannlng elcctron

nucroscope SEM It could also glve lnlormalton about the surlace morpholog) ol thc

specrmen It comprlses of hrgh encrgy eleclron beams l-he electrons emltted I()m Ihe

electron {trn duc lo the heaung ol filament usrng a hlgh roltage l'he electrons are

accelerated b) potentlal dri'ference and then lbcused onlo lhe samPle suriace b} magncttc

lcnses SDNI has condenser and oblectlve lenses uhrch are used to locus the beam ol

electrons comlng lrom electron gun 0 4 nm to 5 nm Is the range ol lhc locus beam b!

condenser lens Whrle 0 2 to '10 LeV rs the range of beam energy '\ number ol 5rgnals arc

obralned b) the lnteractlon of beam wlth the sample Thesc slgnals are bv auger electrons

secondar) eleclrons. back scanered electrons and charac(erlsttc X-ra-'-s Ihere arc drllercnt

t\pes ol deleclors present rn SEM fbr dllferenl slgnal delectlon [lack scattered eleclrcns

arehclplullorvle\\lngrhelmaBeSecondar}electronsareusedlbrthetopograph}Jnd

surl'acc morphologr SEIU ls.r nondestruct'\e lechnrquc Js no \olume Ios5 talc\ pl'lrt

*hen the producllon ol X ra)s $lth thc Inleractlon ofcleclrons tales place Ilut somctlmcs

samplc nlmosl bcconte useless altcr StNl characterlzatton rrhcn sample l' rnsulator

,\ctuall\' .r conductlng laler of gold (Au) sputtercd on the surlacc ol \ample lo mrlc ll

rnteracllng Ior lhe beam comlng Irom clcclron gun and further locused bt lhe magnellc

lenses A llacL scarlered clectrons arc used lbr lhe elcmenlal d'strlbutlon ln lhe samplc

Characrerrshc X rals are emltted when the beam ot elcctons removcs some rnner shell

clecrrons and hrgh energy electrons arc causcd lo tlll the rnner shell These emrtted X-ra!s

rre used lbr the composltlon of elcmcnl For the producllon of plcture detecled slBnal and

beam poslhon arc lmponant parameter Thc resolullon of SEM does not depend on ihe

\pot srTe ol clectron but rlther on thc \\a\elength u5566121gd urlh thls lundamental

pJnlcle SI-\1 has a masn,licatlon Power t'rom l0 ro i0000X Jnd has r rcsolutron ()t l0

nm to 100 nm Small stgnals are ampllfied and dlspla\ed on lhe computer screen

lhe SElvl compnses ol marnl) lollowrng Pans

J) l-_lec(ron gun lhat emlts clccEons due lo thcrmlonlc cml5\lon or llclrl cnrtsstrtn

process
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!)

b) \l.lqnetrc Icnses lor controlltng and lbcuslng ot the clccrron bcdm onto the
\Jmple'

'Sdnrple rh.tmber rn trhrch a sanrple rs placed fhrs ehamber rs \cr! sansrt,\e ro
\ rhraltons '

d) Detcctors lor d.teclron of varrous slgnals resulttng duc lo lhe rnleractlon ol

clcctron beam and surlace electrons ofthe sample 
_

(a);

Irgure ! 2 la) Scanntng eleclron mtcroscope (b) Blocl dlagram oi Srannlng

clectron mlcroscope

1.2.1 Importrnt prcc.utions r.g.rding SEM

lhc sample should be molslure lrec Hlgh racuum rs requrred lbr thc opcralron ol SE|!

Samplc must he conduclrng tbr lhe propcr operalron olSENl Ior non-conductrnq malcnals

the samplc surlace rs made conduclug by coattng ot some condullrng mdle al llLe gold

or coPper

3.3 Vibrating Samplc Magnctomcter (VSM)

I_or the measurcmenls ol maqnettc maienals and masnetrc beha\ror rrbr.rtrnu samplc

nragnctomcter rs a $,rdel\ used dc\rce l'hc pnncrpal ol VSIU rs based on l.tradavs l.r\ ol

JlcclrorDagneuc rnductlon $htch ts changc rn the magnelrc iicld produccs.rn rnduccd
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c[clnL lilcd _[he 
lntorma(roD ,lbout the changrng magnctlc iield rs grven bv thrs elcctftc

ticld For the characterzatron oI mngnctrc behavror of e materrals VSNI rs consldered to

the conlen(ronal techDque of characteazatlon we record the nraqnelrc moments as a

lunctron of apphed magnetrc lield and temperarure

VSM rs lhe most common lnstrument used fbr thc magnellc measurements llke hvsteresls

Ioops lt uas de\eloped b) S Foner and Van Osterhan

IHIB s.lros dFid.Bo.r Ph\a.t ol ll|g\*te and tkon.x. Vf,L,.L
LLrtr\.r Arld.nn!/tl.nrn,lnblEh.E :003

Frgurer 3 3 Lab vre* ard the schematrc dtagram of the VSM

\ unrlorm magnetrc lield rs fall on thc sample durrng the measuremcnls Magnettc field rs

generated by an electromagnct or b) a superconductrng magnel l_he samples mounled ln

Ihe cenler ot unribrm magne(rc tield are osctllated by the \ lbrator lhc \lbralor ls a l\pe ol

rclocrtr transduccr nhrch rs Irke mechamcally coupled loud speaker A set ol sultablc PrcL

Jp lolls detects lhe magnetrc llur changes wrth the trme ds the sdmple ls oscrlldlcd lha

clecrnc llcld ts ca[scd rn the prck-up corls b1 the changrng maBnctrc lle]d ,rs stalcd b)

L-aradays law Magneuzatron oi sJmple rs propo ronal to the lnduced current produccd rn

sJmple lnduced current rlrll hare a hrgher \alue rl lhe sample possesses h,gher

nragnetrzalon VSM has J burlt rn amplrfler \ hrch amplrties the rnduced current VSM rs
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Characterrzatron technrques

3.5 Conventional Ferromagnetic Rcsonance Flip-chip based technique

The magnetrc excttatlon rn the frequency domatn measurement rs srnusordal magnetrc

lleld l?,/ and lhe \ector neruork analyzcr detects the response ofsample We can appl) the

magnetrc field to the nanowrrcs whrch satrsfy the FI\1R condrlton the ticld can be apphcd

along pcryendlcular and parallel drrectrons

The lig shows the maln componenrs of the selup fhe coplannr savegurde CpV uhrch

have charactcrrstrc lmpedance of 50 otun rs conDecled to VNA ustng coarral cables and

mlcrowa!e connectors Tellon lnsulatcd coaxtal cables .md S]! A connectors are oncn

used for such radro f-requency connechons Thev have a band wrdth of I8 GIIz and are

Itr*,pnced as lrell The used cables should nor have a merallrc rernlorccmenr

\1atcflal parameters are obtarned bt f)rp-chrp based measurements. lhese are tmponant tbr

data storage devlces technologtcalll, The schematrc ot iltp chlp measurement setup ts

shorvn rn tig magnetrc tleld p€rpendrcular ro RF magneuc field and parallel lo nano \rrcs
rs applled. so that resonance condlllon must be satlstled

lo '.t' l

)

G,t

Frgurc 3 5 Schcmatrc rcpresenrarron of VNA-l-'lllR srsrcm



Chapter 0.1

Results and drscussron

liesults and discussion

{.1 NiroFezr Nanowires and Ni;rFezr Nrnotubes

DC electrochemrcal deposltlon method rvas emploled to slnthesrze Nr.rFe:r Nanourres

and \r,-Fet: Nanolubes lnslde the anodlzed alumrna oude (AAO) lemplales Ihen thcsc

nano$rres and nanotubes were funher characrenzed bv SEM. VS]\, and fiUR to

ln!estrgate therr dlfferent propertlcs especralll f'erromagnetrc propenres and surlece

morphology etc A r-omprehcnsrve dtscussron on results of all charactenzatton technlques

are grvcn belou

{.2 Surface morphology

'fhe scannlng eleclron mrcroscopy has been used to delve the surface morphology ol the

NrFe permolly sample but betbre thrs to launch the sample rnstde the vacuum chamber ol

the SEM rt uas made sure that the sample ts motsture ftee and conducttng Especrallv rn

case of ,\{O template assrsted sample lt was drssolved rnsrdc rhe 0 I l\1 NaOH aqueous

soluuon ct tempcrature T=60'C and Ttme:2 hours prror to put tnto the SEIU sample

holder A beam of 20 kcv was used to tnveslrgate rhe sample suriice SEM uses rhe *ave

narurc oi the parttcle to e\plore rhe topography ol the sample I he SLNl rmagcs results ore

shorvn rn the ligure 4 I

['rqure 4 I SEM results ol nano\atres(left lmase)and nanotubes( ght lmage)



Rcsults and dlscusslon

SEM mrcrographs conlirm the unlform and regular struclure of nanowlres and nanotubes

asshou.naboveThclengfianddlameterofnanotubesandnano\\1tes\\erealsomeasurcd

lrom lhe scannlng electron mlcroscope Thc average dlameter (D) of the \rrrl-el'

nanor\rres rs 50 nm and lcngrh (L) of the Nl'6Fel1 nano\\'lres rs I0 um fhe a\er'rge

dlameler lD) ol the Nl-'Fell nanotubes ts 100 nm and length (L) ot_the sJme \l_-l cli

nanotubes rs 8um Frgure'l I ,llso shous a homogeneous 'rnd hrghll ordered gro!\1h Ihc

length and dtameter of each l_D nano slruclute can be rncreased h\ rncreaslng the

deposrtron trme and voltage ln electrodeposltton melhod

{.3 }Iagnctic Cheracterization

{.3.1 MH loops of nanowircs and n.notubes

Thc magnetrc propenres ot Nl'6Fctr Naro\llres and Nl:Fe:l Nanotubes $ere Invesogaled

b] uslng \'lbranng sahplc magnetome(er whlch pro\es to be hrghll sensrll\e to

charactcflze thc samPle s magnetlc proPcnlcs DMS Nlodel IHF Vlbratlng Sample

\lagnetomercr (VSIvt) ot ADE Technology uas employed and rls sensrtrvrt\ range lres

Jlmost ln the range of l0_' emu

fhe Nl,6Fetr Nanowrres and NtrrFot Nanotubes have promlnenl maSnetlc propert)es

Ihelr magnetlc properlles \rere explored by hysteresls (Nl'H) curres as sho*n tn liSure

I I 'fhese (M-H) curves !'|,ere obtarncd by appl)rng lhc extem'rl magnetrc licld .}l drllcrcnl

angles. rangrng from 00 to 900 Eesr axts magnetlzatlon dlrecuon ls one oi lhe osl

lmponanl magncllc Parameler that can be tbund hl calculatrng the remenenl \quJrcncss

(\lr \1s) u h the help ol graph plolted abole rn ligure { I r) Jnd J I b) lor drllcrcnl

Jnglcs As $c ha\'e l'd struclures. that Is $h) ue havc Lalculated fie squareness along thc

both arcs parallel (ll at 0u) and pcrpendrcular (H al 900) of lhc samples {s rl rs clexr

trom the above cltcd graph ol nanotubcs. the squareness ol Nl-H loop rs mueh largcr along

lhe perpendlcular dtreclron On lhe other hand the shcemess rs larger along the a\rs ol the

nanotubes Hence consequcntly wc can say that the easy a\ls of the nanotubes lles

pcrpcndrcular to thelr axls

In lase of naloNtres ma)esllc lrend ls observed ln the

ingle lhcre wlll he r li\ laturalron magnetlzatlon

nragneui.allon l!1r The lvls and lur decreases slde b!

saluratron ma-qneltz.rllon'\l e\cr)

tMs ) Jnd lorresPondlng r!nllncnl

srdc srth the decreasc ol rnclc \l



Results an,J drscusston

lirsl ,glance rt seems that lhe eas) 4\ls ltes along the arrs of lhc n.rnoltlres but calculatlon

pro!es that the squarencss ts larger along the perpendtcular dlrechon ol_ nanowlres a\ls

Hence the ca"y a\ls ofnano*rres rs along perPcndlcular to lhe !\lre arls

from bolh 11-H graphs (nanowlres and nanolubes) a clear cut drfference ohserred

regardrng eas)'a\rs whrch conforms the shape anlsotroplc beharlor olthe nanorrrres and

nanotubes

Ihe drrectron ol m.rgnellc momenls re\ersed as the c\temal magnetlc lleld re\erses lls

drrectton. rs called magnetrzatron rerersal -fhere are man\ magncllzallon re\ersal

mechanlsms rnslde the magnetlc materlals and dependrng upon lhese mcehanrsms thc

magnctlc momenls reverses lts dlrecllon ulth respect lo lhe e\tcrnal lield As $e ohsene

rn case ot nanowtres lhat the Hc ls ln\ersely proPortlonal to the angle ot lhe e\temal tield

tha( s rah) the magnelrc moments revcrsc because ot the curlrng mode

E --
t:

l

I

I

-.- --.LLl'
ra

H {lOe)

:0 t
,l

l'rgure 4 f a) nanotubes hyslcresrs I M-H ) cun e and b) nanowlres hvsleresrs (l\l-H ) curYe
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l\
:000,1

l=-"

Frg .l 5 a) resonance graph ofNtzrFezr nanowrres J 5b) resonance graph ofNt-rFezr

nanotubes

Thc both samples ot Nr76Fe21 Nanowlres aid Ntrr!'ql Nanotubes have same lateral length

ol-10 um bur wrth drfferent dlamcte.s as lllustrated ln the above graph

The magnetlc tield *as applred at vanous angles trom 0 degree to 90 degr'e as sho$n ln

the Frg.l i a) resonance graph of Nl;6Fe2{ nanoulres'l 5 b) resonance gmPh of Nr-l_crr

nanotubes

The figure shotls the angular depcndence ot resonance tield obtalned \\hcn lnlenslt)'llne

Luls \-a\ls I'here rs a greal analogy and conslstenc) of lhesc FMR results wlth lhe l!l-H

loops lhese graphs conlbrms that thc easv axrs of nanoutres and nanotubes lres rn the



Results and drscussron

pcrpcndrcular to the l-d sample geometr! (NWs & NTs) Ilehrnd the screen. reJson rs rhar

those Jngles where the resonance ts mlnlmum wrll be relerred.ls the eJs! a\ls Ihe graph

15a).tnd.l 5b) both e\plarns that the easy a-\ls ltes atalmostar 90 degree Br these r.:ulrs

\\e c.ln Jlso predlct lhe shape anlsotropy ol the sample \\htLh 15,llso perpendllulJr lo Lhc

both nanor!rres and nanotubes

'!-.. trr (n"tt -fi*) /.ttxH.a. -li

c rs the -Grlbert damptngThe rbova equatron rs kno!\n as _Landau-Llfshrtz-Gllberi'

Ln'l

2

constant" rts magnrtude or value depends upon the nature ofthe matenal Here y

rs gyromagnetlc ratro" and rts value ts grven below

I = eer2mC=2 2lx 105 m A-l s-l

{.3.3 AM Curve

- 
\l1Fca Nanosrks

- 
\'rF. . nrnoruhls

HtkO.)

Frgure 4 6 3M Curve for both NrFc Nanotubes and Nanowrres

It rs verv lmpoflant to know lhat \ahal. tvpe o[ magneuc lnteractron tahng place rnsrde the

magnelrc matenal. whrch rs rmportant lor the f'uture Jppllcaltons hLe data storage de\ tLcs

ln thrs regard we cannot neglect thc wonh of 5M curves There are many othet methods to

explarn the magnetlc rnleractrons but relatrvely the Henkel analysrs [83] ,\M cur\es

derr,ed lrom VSM parameters rs relatrrely more adranced and unsophlsttcated lor the

satd purpose In ordcr to Lnow about the magnelrc lnteractton ot Nr,nFe:r Nanowtrcs and

NrrtFc:t Nanorubes we also draw a graph as sho*n rn figure -l 6 As \!e ha'/e onc-

iimensronal nano structure that ls why dependrng upon the pore slze and therr densrtt

magneuc lnteracttons arc possrble
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In the ftg.l 6 ue observe a de!tatron t'rom the lrnear lrne Il can be nored that dclta M

cur\cs ha!e peak negattle ralucs $hrch dre ttprcall) assoctated l\llh magnctoshlrc

lnteracttons thal tend to dcstabrhze the magneuzed state or ers\ magncll/atton reversal ol
the nanoNlres Thrs ls the brg e\ldence about presence of magnelrc lnLeracltons ,nslde the

Nr-ol'err Nanorvrres and NrrrFe:r Nanorubes 'fhe black hne sho*s rhe \Nl cur\c ot
NrTrl'e2l Nanotubes whrle the red llne ts the lM curvc ol the Nt-6Ferr \anoNrres ,\clu.lll\

lM plot can be Justrfled or defined as the devratron t'rom the rdealrzed lrncar lrne Il.lhe
delta M cune goes slrarght parallel ro lhe rdeal L.c or zcro rrnc lhan rt llearr\ rncJns thal

there are no panlcular magneoc lnteracttons rnsrde the matcnal

,\s $e see thJl the black Alll cun,e starts tiom poslttve and Just reached near to rhe

ldealrzed llnear ltnc and thea gets parallel wrth tt Thts lndtcates lhat the magnelostatlc

rnleractlons are'ery !!eak rnsrde thc NrrrFezr Nanotubes whrre on the olher hand thc red

lM curve makes a promtnent negatlvc peak that lndtcates the magnetostatrc lnteracttons

or dlpolar Interactrons between the NrroFe:r Nanowrres These strong dlpolar rnteracuons

are because of magnetosratlc energy of rhc domarns as a tunctron of applred erternal
magnelrclleld'fhcselMrcsultareconsrsrent\^rrhthatofNl,HloopsandFlllRrcsultsrn

\\hlch eas) a\ls ls tound to lle perpendlcular to lhe nanoc'lrnder a\rs due to domrnance ot
magnelostattc lnteract,ons and weal.lness of shape anlsolropY
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{.{ M-H loop at diffcrent temperatures

8

6

4

2

0

-6

,8

N i7iFe23 Nanotubes

L=l0 pm d= 200nm

--5K
--300K I

I

I

-10 -8 ..-202

H(k Oe)

E
6,

(,
o

e

10

Frgurel T M H curves otNrFeNTs at temperatures T = 5 Kandi00 K

In order to see the behavror ofsuch nalotubcs at low tempcralure the M-H curve at f=5K

$ere ta[en Nhrle the lateral length of nanotubes rs approrrmctelr l0umt\tthdrarnetcrot

100 nm and compared wrth that ofT=loK It rs \er\ clear tiom the abo\e crted graph lhat

a drastrc Lhange of pattem observed wrth the change of lemperarure tiom i00 K to 5 K

q.ctuall) thrs may be the settlemcnt of the magnehc momenrs lou.rrds the ruch

crlstallographrc axrs r\hrch are anrrbuted Io the eas\ arrs ol the sard m,rtenal of lhc Nf\
l e NlFe (Nu7Fe2l Nanotubes) .{t low tempeiatlrre thc magnettc moments ol the drlfcrent

domJrns are arranged rn slngular dtectron because of lo$ lhermal encrg) consequendl

less extemal magnetrc tield requrred lor lts magnetlzatton l-he another aspeLr trom the

same phenomena rs that the resultant response o1 lhe matenal regardlng saluralton

magnetrzalron rs much hrghcr at low lemperature as compared lo the hlgher one, on the

same magnehzlng extemai tleld Thrs thrng also leads towards the mtnlmzatton o[

masnelo-cr) stalllne energy due to \rfuch hlgh saturatlon ofmagnetzatlon produced at lo\\

temperature on rhe same e\lemal magnenzrng field [85]ls shoun rn tlgure.l 7
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