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SPIN RESONANCE INVESTIGATIONS
ON WATER-BASED MAGNETITE FERROFLUID
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la Lhis wirk, wa have investigated & water-hased ool e ids mogmetic prope-
tied. The nanoparticies of Errofluid were svnthesized by ' chemical coprecipiiatinn maite;
Magivlile panngarticles were chemically prepared by coprecipitation of rowmss micolles in
the aquevas phase A very bow observed vaioe of ssturation mesgustlestson. Le 1 om/g;
snd the magnetis siisobropy emirgy constant were-found in the samples. This wab es-
plateel by deal lawer theory and effect of double susfrorani conting,  Freamagnetic
pesoniice ( FAR] nvssurements were performed. via sero-feld-conled (100 pratacnl,
The Heel-Browe mmlol was applind by neuming the resonance Geld ae the applosd Feid
i Vhe supirgparamagnotic system.  Lnder thess cirommstsoce), thi mike ol marhetie
inbsatropy oneTgy fo thermal energy was calculstio] and it is found that it becomes willy
=326 K for e particles. which are antiparallel to the applied fiald,

I. Introduction. The exstence of blncking effects in nanomateriols s char-
scterized by a erttical temperatue, Lo. o blocking tempernturs (1), Inaddition
for dle Lemperazure dependence, 7 also depends on other ey factors Tk the vl
i of particles (V) magnetic anisotropy (A snd Che tmesesde of the messaring
Instrument | Ty |, making it as ooe of (e il-defined paramesers in nanomagnetism

1), Whes the thmeseale window 18 large than the AlpeErparaniagaet i pelasntien
Virmg 07 thes the sverem displave supsrparamagne s Oo L obher hand, when
T Ty theosvatens bsoinessared o be bnothe blocked state - |noehia slabe, U
guissi-slitic properties of the system are observes] Mooy lechnigues hove been
imployed T asrartain T in soch systoms ond atnong them the mese fregqoent |y
used Gnes are Superconducting Quantum Interference Device (SQUID), Vibiating
Siunning Magnetometer (VEM), ac-suscepiibility wessuroments and Mossbauer
gpectroscopy (1. 21 But iha ability of FerroXlognetle Resonpnee (FMR) for find.
e Th biss been explored coly 1n 6 fow cases 3, 41 The aim of this work s toostudy
the dynumic phase transition from fercosiggmetle (o siperparamugnetic state iy &
water bnses] gnetioe fervoffuid by ozing the famons MNeel-Hroam medel in FMTT
HETIES

2. Synthesis and experimental mothods. TeaQy nanoparticles (FNPe)
weres syt histenl vin o chemical route A detailed schemaric diagram of U syi-
fhieals procedure = showno im Fig. L The structural characteclzation was porfurimed
nsing & powder X-ray difractometer and IIRTEM. The magmetization measire.
imeils were made on these samiplea by a Lakealinre ke VAR mode] 7200 The
ferromagnetio resonnmee (FMR ) messuevments were mivie using an M3 Bruker
biwmpin model AJEL Before messurements, the sigmal clamsel wis culllrated &
potl termperaburs using the | g OPPH slandard
300
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vietveld rofimement.  The wset phows (a) the micrograpl froo iransmisdon electron
micreseops [ TEM, (41 o WiiHameen - Hall pled

& Results and discussion. .

5.1, - Structursl characterization, Fig: 2 shiwes the Powder X-rav THTene-
thaiy Patlern (BXRD) pattern of FoaCly fetrofiuid drops drisd on s glass shide
ambient conditions The refined peak positions (20) sad the full wideh at ball-
maximien (FWHM | wadues (0 obrained from rietveld refinement were gy 1o the
Williamesn-Hall equation Scosd = dzsimf — A/ 1D Lo colenlate the sverage rrvs
tallite e | L) aud the strain (&) indwesd in the NP5, where 4 is the wavdongil
of Xerny (et (o)), The average crystallite size (L) and the stesin (=] were found
o bee ALY o o] LRG0T ), seapectively, The fuset () shiowas the morphologicat
view ol the NP2 Lhe sverage partich skee was calenlated by rounting over 1300
NFs and found to b 1009 i wich the standand deviatkon ¢ = 2.8 am,

3. Magnesk: measurcuent  Lhe magnevimavtion loop of such FesOy ter-
rothiid was rovorded at poom femiperavieie, as shown o Fig & Chis Inop shows &
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Magnetic fisld: |T!

Fig & Hysleresiy loopof the Fey Oy ferrofnid a1 coewm femperaturs, e (o) maghe
tization enrtve with At meset (b): particle size distribution from VEM wnd TEM reaulis

neglhgible hysreresis with 2.5 0% as the cosecive Rokd [H: ) vadue, which evichaties
that the particles are of Fuperparnmagnetic natare. Th lmznesic atate ul such &
exystem o b deseribed by |5, &

&
Af jj LDV f{Dian, (1)
(u]
whore ’ i
Lloy= &1} (L‘I.’-l:lt'r - ;) . %I' My = Mg ;
i
) L - ]nl:ﬂ‘.l"ﬂn:li} .
E.i' = — J - o . i :' .tﬂ 1
FLad) v 2mon “p{ 2a7, J JiB

Hore Lin) s the Lungevin funetion, fiD) ls the lognormad size distribation, i s
the magnetic moment, 7z 4 a slandard deviation, H is the applied magnetic fiekd,
£-is | he Boltzmann eonstant, T'is the temperaluee, M is the Huid mingnetization,
@ I& Lhe volume feactbon of FNPa ot ferrofiudd (EF), My s the domain ITLAE I
tizetion, aml Dy 15 the median dissieter, Inset (u) shows the best it o the M-
thrve vielding the particle size distribation from VSM, It mest be noted that ihe
spturation maguetizstion M) is very low, ie  [emy/p | compared ta the bulk
wibie: B4 S

31 FMR passurement, These messurements on the sumrples wers muido
nsing 1 .54 GHr miesowavs fequeancy with a power of 103mW. The sample
wi cooled down frinmn 208 K in zero magntlc field to A K aod the spectra were
recorded wilkbe: I"l.'l-..i.l.‘j!.IE tha T-FIII':II.'FIH'J“'E' D'L’L'l']nﬂ, the ﬁl"!hl-l"-ﬂ.'l.l'ﬂltd measuramenl, Lhe
snple was eooded (na magnetic Held (B0 of §T and the spect i were recarded
at LK with 07 and 90 in plane angular orientations. By npplying & linsar modid
(8], the andeotrags: 1 Ui sample was Brand to be M40 Qe at 4 K with M, - 1emo/e
3. the applied Beld 1= simply expucied 1o align all moments in one directian thas
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Tempernture, K

Fug. 4 it Sidectead FMB specirn o the reruseraturn range (- 28K with ZFC
ot i
peotocel | Yariasion of Abe rescoanes ekl and e wridth witly ihe fempeTalure

minimizing Uhe origioational disorilation fiuebka | LU Fig. 4 shows the recorbod
low tempuerature FMR specera,

in ZFC, the resonasec feld shaws o non-monotonic bebavior with a masimam
of =200 K. O the other hand, AH,,,, showsa regiliar all characterstic of the FNPS
wlth au inerteuss in temparal ane [11; Such temperature dependance. of line widih
& aysion composed of maguetic nasopartieles will b deseribed elsewhore In
iletad ]

Tor axplain the ldhavior of Hy, wo emploved the most frequenly used Neel-
Sriwn model With the Nesd-Rrown modsl, 1o relasxation vime berwesn doibl
poreilial welle foroan beal superparssuggnetic svstem i the ahsence of iy fiekd
i el by v ='my oxp{U/ET LT - KV, where 7 s the guperparanagnetic relas-
ation tume, Ty e the prooxponennal facior, 17 ks the WAR LI AniSOtTOpy BRery,
& 15 the Balezmann constant, and T i the temiperatyre.  Bur 1o detormine the
vingnetly pliasse of the system (Le ferromagnetism,/ superparamagietism| and Lo
sacertiin L Blocking lempersture of g syutom, we il b apply some Ajite
ameunt of pugnetic feld and then we directly measure the magaalle propearty ol
thesysten like magnetizution or swsespt ilicy. Lhiz situatlon resalts 1 e align-
maent of more ugnetic moments parallel to. Che applied feld (FY if votnparesd i
thee antiparaliel conhigueation. b orher woreds, anideal dootide pratential descrils
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ing & superparamagnetic system iz now perturbed tn & distored dooble polentisl
well aystim separiatind by the activation energy barcr. which will chadge from
By = RV.to BT = K] - H{fd ¥ and to By o= KL+ M HE Rer Lhe an-
tiparnllel and parallel configurations, respectively. |t s now clearly vigible that the
ferrmer with o Tesser energy barrier will play o bnportant role if compared to U
latter one in determining the unblocked state, The extant of perturbation depends
om the strength of the applied Hald H. In PO-peagnetivation and AC-suseeprihilirs
mmnsurements, the svsrem s placed i0 o magoetic Beld with the condition F < JT,.
I'hie Rlecking effscts o sucl anemronment are obsesrvisd a8 soon a2 the avaibshle
thermal shergy becomes enough toe fip Lhe antiparallel moments o maks 2len
porallel along the feld  Tlhe blocking temperatire i= oliservod whon the super-
parammgnetic relucation time matches with . Under these rircimstances, (e
model nnder dscssaon gets wodified mathematically and can be expressed as

feallisves [] H‘IE
r r W E
TT = Ty uxp {%} N L [:l + E}{:] Ey
A

[t addition tr this, it s expected thal Larmor relaxation processes o tlisge
classical apin systvn ks affected by the siperparsmagnetu: colusation mechnnism of
MNPy, In thisway. the resonanee: (eld [, ) con bo cegarded as & manifestation of
twra nompelitoe dynamie changes salkimg place in the svstinn Using pequuisite wml-
uos (AL, = Lemm /g, volume corpespomting to D < O8nm, 0, = 3400=, §F = H,,
A= 851m~Y, & 1.54 IU"HJH_‘_I in Eq. (23, we adenlated U ET for the
parallel Lantiparallel potential well of Flg, 5 cormesponding to the 210 sesonance
field values of FMR, aned its variation with the temperature is shown in Fig 62 A
Plose bok of Fly, 66 shows thar U/ KT = | 15 lound exactly nesr to a temperatime
region (~d22K) where the aystem loses nearly all s anisotropy in L he aogulor
depardent FC micasurements (ant shown), Our dersved date in Fig. 8 resemble
the Mossbauer resnies discussd by Rondinone of ol (2] But similanesusly, the
hlize curwe mopresasntang the relaxation foom the potend. Tl well wetth privenlliel contig-
irntion is still not ahle to cross UET = |, whicll 3 due to bindrance by 4 very
high energy barrier created from the Jarge magnitude of the appiied fieid over the
anisotropy leld (H M w0, As A cesalt, due to Lhe eadioged enerpy bissrier
resulting for FINFs in an aligned poteniinl woll makes the dyvnamic relaxation pro-
ez infeasible fron this well pven ubove Ty, From Fig, 6, we conclule thiat the
obsepyind temperatare region ~225 K shaws Lhe Blocking effocts in the svetem.

4. Conclusion. A doubds surfectont water-based magnetite Teerollull was
chemically syntlsiond and studied for its structural eod agnetic properties by

Fig. 5 A lughly distorted doable potentind well svstom (i FME with H; = H 2= M.,
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ERD, TEAM, YEM mnd FME technlguss, Tl ot le nnnopsrthcles were band
ko be with o vory tow saturation magnetization (M, ). This was explained with the
s pilinatlon of dead layer, donble surfactant coating. Tl low temperalure nnalyeie
of EMHR datia b the ZFC protocol revealed Interesting featnres. T'ha rescnanes feld
ln ZFC shows maxuma atr ~200 K, The applivation of o linesr model snd a Neal
Beown misled Lot FAR shows the blocking offects in the svstem st <225 K.
Thase offects were attributed o the lipping cavssad by particlos o (he satipacaltiel
potenrial well.
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