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Abstract

This paper uses data from the online statistical da

(20121 of the World Bank and the United Nation

Development Repcrt (2011) to investigate intra-i

distnbution in different income-groups countries

study the relationship and the impact of per

income over subjective and objective social wel

well-being The results from cross countries a

unearthed that high income countries have

disparity or tnequality among themselves than t
income countries and middle income countries in the

world. The per capita income has significantly positive

relation and strong impacts on subjective as well as

objectives rruell-being or happiness.
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Magneto dielectric coupling in Bi2FeaOe

Aiaka Panda, R. Govindaraj , c. Amarendra
nt hr Abnt R*zq.h, BM. kaltakr@ rdnr Ndd4 @ror, han

fiis work rcports multjfmoic behaliou 01 bull Bi,leroe *hibuing boih $eal feronasn.iic ard feroele.ric
belalior ar tuom temp.ratue. rmpoltanry l]re fe(oelecri. p&eeren and dictedi. .oniant are obs.ded to
be se.sitivelr d.pef,de.t upon th. maSneri. fi.1d indi.arinS !h. o..ur..c. olspin.har3eco!plin3. Bdsed on th.
diele.Eic measurenenb uder l]le applcaiion ol nagnetic flet4 rhe nagneto dieledri. colplins @D %l is
iound (o va.y froh 00i to abour -20% srrh inoedins nasnetic field The obse ed lariario! t! MD% is
attibuted to the {eal nagieroelecri( couplins in sucn sy*em,

application in senlconductor and nucter indnstry [ , ], In oulti-
aeroic systems where Nael renperatuie lass behind ferroelectnc curie
tefrperatu.e, MD eLe.l h ohsened a ffnite pole]zanon Eevails in
hasneti. orderi.S regio!. lut fie MD .ouplinS in sucn systems de ve,l
w€ak i l. Howerr the propeties ce be e,n&ced bt oeanr .f su!
table doping at A or B lites or ly me s ol modulating itr sLactlr. sirh
ertemal oaSnetic 6e1d.

In this worl we report maSnetic ed Llietecuic propeities of buil<
Bi:Fe1oe exhibiting clear dohaly in temp€rature dependenc€ of di.
electric consrat. Fufiner inis work repo!$ dilcct elidenc. ol MD
.olplins in b!& Bi2FerOq in tdns oa the r iation of PE loop wirh

Re.enuy thde has been a surge or.esearcfi acriviries on magnero.
electric darerials ritn respecr to realizalion oanenorl-' devices [ ]
vert few such naterials disr due to mutual exclusivenes ofragneric
and ferroelectic ordering I I. Tnerariarion of dielec trj. .o nsran ! rri th
haSn.tic 6eld is a propert, excluive to some marerials and rless are
.alted nraSn€ro {iielecuic (MDl @terials who5e origin G arEibnred ro
stronS srin lanice cou!1i.8 [ ]. Obre ation of magnetic neld depm-
dent dielecElc .onst rt is e iDdire.t wat of verii,ing nulrilerroic
nattre ofnr(eriah, This in addition would lelp sisnidcatly rn fahfl
.atioo oadevices based on tun.ble fe.ro.lec$ic and maSneric pioperies
such asfragnetic scnsoro ed spin clarge iiansducers [ , l. ivaSnerhn
is 4ociated *ith spin deSrees oI fteedom whereas diele.tri( Foperty
by chaige de$ee ol freedom 1te fiee enerSy fi term olpol.rizarion P

and na$etiatio! M can be €xpdded as lollolvs [ ]

I= (1/2EJP: - PE - aPM + ilPMr + TPiM:

Whre o, p, y &e coupling consras ad e0 js diele.t,ic suceit.
ibjlity, As P and *I ue polar and axial veciors r€specijvely, rems lircar
in both P and Msill not yield aryMD couptin8. Also the rerm llpMs is
lorbidden due ro s,nhetry .ontuihutions dd is crucial loi a clas ol
nagneroelecti. olltifeEoics. Hence .nly the last tem in rhe above
equarion is solel), dle (o rhe MD etrecr.nd is, scalar inespective ol$e
Iatrice o. maSneric sd-ucrue

Bi2Fe{Oe has been iepon€d to be ,rultilerroic wtl antn
leromaSnetic ordering Neel temperatuie {T\-) around 250 I( and Ie.
roelecEic Clne t.nperature (r.) ot 260( *hibitinS MD prcperty as

tepon€d ny sinSh et al. { l. The systeD is nor only inte.sring b€in8
nuluferoic bu! aLso hs atEacted nuerols allentions due to its

Bi,FeaOe wa prepared by n.atr ol solid srate route by raking
sroichion€Eic ratio of serti,g ondes. The slaning oxid6 Bi,o3 atrd
Fe?Or mlled thorou8lly i! a8are m.rtar and pr6sed into 10 m di5cs

of thick e$ 2 mh app.oxinatelr. The peUers e€ snrrered ar 973 I( wirh
inremirtot Srindinss for 144 h. Thls is taken a staningsampl.. The
prepared lowder was sintered at 923x for one day ad {as tan6 lor
elecojcal measuremenrs. xRD measlrement was talo on ihe as pre-
pa.ed sanple lorpha3e confidation in Inel2000 X-rat diffra.tom€ter.
16 T vibradlr smrle dasnetometer dd PE loop tftcer were used for
nagnetization ad feroelectric measuenentu respe.riyely Dieiedric
mesurments in prCence or maSneUc neld were canied our using
broadband dielectric specnodeter iD pdallel geohetly will silver
electrodes. s?le based M6ssbau€r specuosc.pic studies h.!e he€n car-
iied out in Edsmksion Seonetry to stuay the lcal structur€ and
ma8netlc properties of bull Bj2Feloe.

2. Experinotal details
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Insights on the role of defects on the magnetic and magneto electric
coupling effects in nano BiFeO3
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BiFeo3 mn@adi.ld prepftn ihrcugn sol Bel .oure ain3 .iui. a.id are sildied for (nen (tudual, nas,eric
ad nasneio el.drk .olpling efiects &d are conpared wfth rhat of cal.ined BiFeo I panicld pEpared uith
taftric acid . s th. t el. N. nopa rti.Ls of BiFeO r ,repared n irh rne 6e of cirric a.id weie obsefled r o Ie nor
nronSly leronagnehc and weakly ieBoel{Ei., as cdpaied ta rhat of tne bnnuih IErire mnopartler pre-
pard ulins raturic a.id tu (he ilLel.Magneto eledic coL+li. g effects $ se studied in B!!eO: plep.red by rh6e
netlod! lsingR!@n specEo{opt. Th6e re lh weft lurrner.o.nmed based @ rhe dnet eyperimsral €v!
dsce h telms ol rhr variarion ol pol:iztion wi(h Esped to elediic nek (P.E l6pl studies dried our i. 6e
nanoparticbs of BiFeor mder the applicarid ol Bagneic freld.ThiJ sEdt brouShi ort ..e{ insiShb on the in.
poilanr roje ot del€ds lor the obseed r2ri{ions in ia!n.ti. ard ho.e masnero-elfcr.ic couplin8 .de.6 in
Bileor mnd panicles prepared u5in3 differmt tuels, E etucidated based on the Mijsbauer sodi6.

@ 2021

aiFEor continues to be on€ oi rhe m$t hrsesrinS ald technolagically
jnponer fun.tional natenals $ith respect ro rdlizing its appLication
in oasn€ti. data storaS€,lo8ical switching md nemory devices
runctiond non onde earenals like hexaferires nave been shoM to
qhibit lnteresdng iagletic a.d dielecdc properties
temp€ranre, uhile feiite based composir6 are iound ro b. re.hnologi,
c.lly lnporrnr displayirg sevsal appli.ations includinS enha.ed
maSnetoelecdc properties . Fo.u$ed resedcn needs lo be dod.
towdds obhining appreciable maSn€ro eleEic dlecr in tems of con-
t.ollinS ieroele.tric (ma8netic) uopelties by applied ma8.erlc {el.c-
tric) field in oidd (o slgrificmdy improve rhe nuhJe@ic propenies
dd hence device applicadoB ofBiFeO:.

Bulk lileo3 exhibits tifnohagnetic (AFM) ordering dd aerrc,
ele.t ic properties.Ihe naSneto-elecftic corplins €fiect t rather Liftle
or .loost ansenr in tne case oa bulk BiF€O3 . on ihe orner hdd,
thin Elms ol BiFeo3 are repo.red to show excellen{ leroelectric and frr-
rona8netic propenies dne to sEain efecrs induced dne ro subslrates

. Similtrly, the BiFeO3 nmoparticles ee rerrofied lo erhibit
ueal{ fenon.gnetic orde.nrS associared wirh the siSnificandy
.edft€d f.roelectric prop€fiies.ln c€r'tain cascs, ndostnctures of
SiFeor de reported to res!ft in un i que fdroelecr ic and fenoda8neric
prcp€nies . Masneto-ele.tic couplinS dlects are howeld

f,ostly estabhhed i" dlese systed indnecCy for eenlle based on tlr
€sriB of lma spectroscopy.

Invoking weak fdonalnerish in Bir€or rmains to be rne oaio
reqlisite fo. obtain irg naSneio-el e ctric couplinS ed hence lo. paving
walsfor$ide applications ofBiIeo3 a a potenrjal nllrifenoic hater-
ial. ThouSh a ntrmh$ of r$.arch wolk have been cadi€d out on the
weal feonaSretic o.dniag of na.oBiFeor, tie co plete undersed-
itrs of rn. dcurerce of weal fedotuaFEtism in tne c6e of
,.noBileor isyerto mer8e .It is imporanr ro unde6r.nd rh.
possible role of delets leadinS ro tie obseded odk fedonag-
.€tic ordeing in tle case of nanopalticles ofBiIeO:. Veious efEcrenr
nethods oI prep&arion of nmopdicles ol oxide aterials based on
grcen technotoSy nelhod ed f,illjig ioUo(ed by heatinS h a con-
dolLd @ner hale be€n repofied . As ltr as tne prepaiation oa
ndora(icL6 of BiFeO3 n conc€rn.d, solgel netnod remaids as one of
lhe oulstandi!8 nerhods lor tne east s_\rnrhesi-s ..d rle prrity of rne
phase- h orde. ro address the dependence oi defecrs md size ol rne
n opuicl.s on the weal fenomaSnelic p.op€nies plaxsibly IeadinS
ro nagnetoelecEic coupling etrec$. rhese jnvesiSations de cdied ont
on the nmotE.ticies ofBiFeOi prepared uslnS solBel route wid difler,
en( f!eh. The slze ad shape of ine pdicles ee higlly conrolled by
the rate of combustion which ls re8xlated t'! tne use oatuel

In ord€r ro lom puc phase oaBileor ca.iroxyl Stulps are reqlired
for complerinS the ner.l ions and hydrolyl Erolps e required for rhs
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