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工rOnOxyhydra七es

lg68

Pureandlargecrys七a!sOf七hreemodificationsOf七he(Z-,β 一andγ 一

FeOOHweresyn七hesizedand七heirmagne七icproper七iesweres七udied。These

irOnoxyhydra七eswerean七iferroエ 〔1agne七icwi七h七heN6el七empera七urebeing

4000K,2730K・ndSOoKf・rα 一,,0-andr-F・OOH,…pec七i・ ・ly.Th・direc七i・ ・

Of七heelec七rOnspinaxiswasfO㎜dfrom七heMbssbauereffec七 七〇be

parallel七 〇 七hec-axisOf七hecrys七alsfOrall七heseironoxyhydra七es.

工NTRODUCTION

Threeエnodifica七ionsof七heironOxyhydra七e,ct-,〆9-andγ 一FeOOH,are

㎞own。MineralnamesofCt-andr-FeOOHaregoe七hi七eandlepidcroci七e.

Thecrys七als七ruc七uresofCt-andγ 一FeOOHareor七horombic,be10nging七 〇

1,2)
七hespacegrOv.psofPbnmandBb㎜,respec七ively. ①hecrys七als七ructure

。f3-F。 ・・H・ 。 七。七。。、。。a・ 。。pseud。,。,rag。na・.3)、 。,hesec。m,。und。,

however,positiOnsof七hehydrogena七 〇mshaveno七beende七ermined.

工nrecentyearsmanyM6ssbauerando七hermagne七ics七udieshavebeen

・。n。 。。,hesei。 。。 。xyhydra七es.4)～12)・ 。。。v。r,・h。p。 ・・i。h。dd。 ・。 。。 β.

andγ 一FeOOHares七Ulfew.As七 〇ct-FeOOH,七herearegreatdiscrepancies

be七weentheresul七spublishedon七empera七uredependenceof七hemagne七ic

suscep七ibili七y,Mb'ssbauerspec七ru皿andN6el七empera七ure.Thesedis-

crepanciesmaybea七 七ribu七ed七 〇 七hedifferenceinchemicalpuri七yand

par七iclesizebe七ween七hesamplesusedin七hemeasuremen七.

菅 山 本 直 一 LabOra七 〇ryOfSolidS七a七eChemis七ry.Ins七i七u七efor

ChemicalResearch,Kyo七 〇Universi七y,Uji,KyOto。

-1一



Thepresen七wOrkrepor七s七he皿agne七icsusceptibili七ymeasuremen七 〇f

七heironoxyhydra七eswhichareaspureand -LargeaspOssiblein七hesynthe七ic

specimenand七hespins七ruc七uresde七erminedby七heM6ssbauereffec七analysis。

EXPERIMENTAI」

(1)SarnplePrepara七ion

l。Ct--FeOOH

Thesamplesof66-FeOOHwerepreparedasfOl二Lows.

(a)S七alnpedpα ・1derof七heelec七rOly七iciron,31.5ginweigh七waspOured

in七Ql60fO.125凱 一H2SO4sOlu七iOn.ThesOlu七ioncontaining七heironpowder

wasoxidizedbybubb二Ling七heair七hereina七 七hera七eOflOOO4perhra七

70QC。Af七eral]一 〇fironpOwderwasoxidized,七heresul七an七yellowpre-

・ipi七a七 ・w。 ・fil七 。rd,wa。h。dzvi七hdi。 七illedwa七 。。a。dd。i。d。 七900C.

(b)500gofFeSO47H20wasdissolvedin260fdiss七illedwa七erandnt'tθr14Qf

6N-NaOHso!u七iOnwasaddeddilu七edto3。54withdis七illedwa七er。The

alkalinesuspensioncon七ainingFe(OH)2precipi七atewasoxidizeda七400C

bybubbling七heair七here七hrough。

Af七er60hrFe(OH)2wasoxidizedperfec七lyandconver七edtoαt-

FeO()Hprecipita七e。Theprecipi七a七ewasfil七ered,washedwi七hwaterand

O
drieda七90C。

2。/デ ーFeOOH

500gofFeCl2.nH20andIOOgofNH4Clweredissolvedin5{90fdis七illed

wa七er-Thesolu七ionwasOxidizedbybubbling七heaira七 七herateof200君

perhra七700C.Af七er5hrof七hisprocedure,yellOwcoloredprecipi七a七es,

七he皿ix七ureof(∠ 一一FeOOHand〆8-FeOOHweredeposi七edinthevesse1.In七his

stagepHvalueof七hesolu七ionwasaboutl.2。TheyeUowprecipi七a七ewas

separa七edfrorn七heso!utionbyfil七ra七ion.Thefil七ratewasagainOxidized

a七 七hesamecondi七ionasabOvefor60hr.Theprecipi七a七e七husobtainedら
from七hesecondsolu七iOnwaspure/f-・FeOOH。Af七erfil七ra七ion七heprecipi七a七e
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1'Jassubjec七ed七 〇electrodia=Lysis七 〇ge七 〇ffCl"Pionscon七amina七ingin七he

crys七a⊥la七 七ice.

う.γ 一FeOO正1

(・)St・ ・P・dp・ ・d…f・lec七 ・・ly七i。i。 。n,50gi。 。。igh七,wa。p。u。 。di。 七。

500mlofO・151旺ace七icacidsolu七iOn.Thesuspensionwasoxidizedby

bubbling七heaira七 七hera七eofIOOO4perhra七500C .Af七er7hriron

POwderwasperfec七lyconsumedandOrangeyellowprecipi七a七eofγ 一FeOOH

wasdeposi七ed。

(b)500gofFeC12。nE20wasdissolvedin240f七hedistilledwa七erand

七〇 七hissolutiOnwasadded七healkalinesolu七ionin七heamountofO。4

equivalen七sOf七heacidradical。Af七er七 〇七a⊥volumeof七hesolu七iOnwas

dilu七ed七 〇3。56wi七hwa七er,七heresu1七an七whi七esuspensiOnwasoxidized

bybubblingtheairfor50hra七200C。Theprecipi七a七eofγ 一FeOOII七hus

ob七ainedwasfil七ered,washedwi七hwa七eranddrieda七900C.

Theprecipi七a七esOf(∠ 一。 〆9-andγ 一FeOOHob七ainedin七hiswaywere

affir皿edbyX-raydiffrac七iOnpa七 七ernsandinfraredspec七ra七 〇bepure

specimens。 工rnpuri七ycon七en七swerecheckedwi七husualchemicalme七hods.

Asanexampletheanaly七ica].resul七 〇fαt-FeOOHpreparedby七hefirs七

me七hodisgiveninTable1。Chemicalanalysisproved七ha七 七hesesamples

wereex七remelypureandreliableinthemagne七icmeasure皿en七.

Thepar七icleshapesandsizesof七heseironoxyhydra七eswereobserved

on七heelec七ronmicrographs。Fig.1,2andうareelec七ron皿icrographsof

at-,〆9-and;'-FeOOHpar七icles,yespec七ively.

(1工)Magne七icMeasuremen七s

Magne七icsuscep七ibili七y,疋wasmeasuredwi七hanordinarymagne七ic

七〇rsionbalanceabove七heliquidni七rogen七empera七ureandbyA-CHar七shOrn

bridgeIIle七hodfro皿liquidheliumtemperature七 〇liquidni七rogentempera七uree

Mb'ssbauereffec七wasmeasuredwi七h七heT踵 σmultichanne!七ypeapPara七us.
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RESULTANDD工SCUSSIONS

(1)Magne七icSuscep七ibili七y

InFig.4七he七empera七uredependenceofZof七hreeironoxyhydrates

ar・gi▽ ・n.X・fα 一F・ ○OHwasm・a・ur・dfr・ 皿1.20K七 ・4400K,wh… α 一F・OOH

・…mP・ses七 ・ ・f・一・・,・ 、.X・h・w・ 七h・va・ 。・ ・f46…}6・.,.・.・.・.・.・ 七

rOom七empera七ureandexibitsno七e皿pera七uredependence。AspreviOusly

・・p・r七 ・d,七h・N6・1七 ・mp・ra七u…f七hissampl。wa・d・ 七・rmin・d七 ・b・400。K

frQm七he七empera七uredependenceof七hein七ernalfieldof七heMδssbauer

spec七r㎜ 。

zof,(9-FeOOHisalsotempera七ureindependen七and七hevalueis25x

10"-6c.9.s.e.m.u。TheN6el七emp・ra七ur・ 。f七hisc・ 皿P。undwa・f。und七 ・b・

275。Kb・ 七hf・ 。m七h・ 七・mp・ra七ur・d・P・nd・nce・f七h・internalfi・ld・fth・

Mdssbauerspec七rumandbythe七hermaldifferen七ialana=Lysis。Thisvalue

i。i。g。 。d。 、ree皿 。n,。i七h,h。va、 。。r。p。 。,。dbyD6zsi。 七 。・.IO)

ZOfγ 一FeOOHis40x10『6c.9.s.e.m.u.a七room七empera七ureandsmall

broadpeakwasobserveda七near500K.AsshOwnOn七heM6ssbauerspec七ruLm

inFig.5,themagne七ichyperfinespli七 七ingisobserveda七liquidhelium

七empera七ure.工 七shouldbenoted七ha七 〇nlyquadrupOlesplit七ingwasshown

on七hepreviOus!yrepor七edspectruma七!iquidni七rogen七empera七ure。These

resul七confir皿s七ha七r-FeOOHisan七1ferromagne七icbelowsOoK.

Zofasinglecrys七alofmineralgQe七hi七ewasrepor七edbyOos七erhou七,

proper七iesofwhichmayberepresen七a七iveof七hoseofaHeisenbergan七i-

・・-agn…i・h・ ・1・ …h…h・rh・ ・d七 ・…ra・ …d・p・nd・n・e・fX

observedinthepresen七experimen七wasdifferen七fromtha七 〇fnormalan七i-

ferrornagne七 〇fapowderspecimen,七hatis,Zshowednopeaka七 七heN(≦el

七emperatureandwas七empera七ureindependen七below七heN6el七empera七ure.

ThesecuriOusmagneticbehaviours,whichareobservedalsOin七hecaseof

メデーFeOOH,seem七 〇becausedbysomekindof七hesizeeffec七al七hough
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precisediscufisionisimpossible.Theore七icalexplana七iOnOf七he七em-

pera七ureindependen七Zofγ 一FeOOHabove七heN(≦el七empera七ureisalso

obscure.

(1工)SpinS七ruc七ures

Thespins七ruc七uresOf七heseirOnoxyhydra七eswerede七erminedby

七heM～5ssbauereffec七wi七hu七ilizing七hes七ronganisQ七ropicpar七icle

shapesof七hesamples.Theangulardependencesof七heM6ssbauer七ransi一

七iOnprobabili七iesareexpressedasg/4(1+cos2θ>forpeakland6.3sin2θ

fOr2and5,5/4(1-cos2θ)forpeak3and4,whereθrepresen七s七heangle

be七ween七heinciden七gammarayand七he皿agne七ichyperfinefielddirec七ion

and七hepeaknumberisgivenin七heorderfrom七he!ower七 〇 七hehigher

energypeak・ 工n七hecasewhere皿agne七ichyperfinefielddirec七ionis

randomagains七inciden七ga㎜aray.rela七ivepeakin七ensi七iesofsixpeaks

wiilbecome5:2:1:1:2:3.When七hedirec七iOnof七he皿agne七ichyperfine

fieldispara!lelorperpendicular七 〇 七heinciden七gammaray,七herela七ive

in七ensi七ieswi].lbe5:0:1:1:0=50r3:4:1=1:4:3.Therefore,if七hecor-

rela七ionbe七weenthecrys七alaxisandtheinciden七ga㎜arayisgivenf

七herela七ivepeakin七ensi七iesOf七heM6ssbauerspec七rummakeitpossible

七〇de七ermine七hespinaxisof七hesa皿ple●

AsshomirlFig.1,2and5thepar七icleshapesof七heironoxyhydra七es

areacicular.Becauseof七hesecrys七alshapes七hesa皿plesareeasilyin-

c=Lined七 〇 七akesuchanorien七eds七a七eas七helongestaxesareinaplane.

Previouselec七ron一 皿icroscopics七udiesclarified七helonges七axisofapar一

七i。、。i。i。 。。i。,id。ncewi七h,hecry。 七。、 。。a。i。i。 。a。h、 。。。 。xyhy、 。a,。.15・14・15)

Inprac七iceorien七edsamplesweremadeasfOllows.Theoxyhydra七es

weresuspendedinwa七erand七hesuspensiOrlswerefil七eredslowly七hrOugh七he

Membranfi1七eres.Af七erdrying七hesa皿ples,七hesewerepressedwi七h㎜i-

axi。1P・essu…flO3kg/・ 皿2.Rand・m・ ・i・n七 ・d・ampl・ ・w・r・m・d・by・i・i・g
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1

pow6erwellwi七hsiliconegrease.Therela七ivepeakin七ensi七iesof七he

X-raypOwderpa七 七ernshowed七ha七 七hec-axisofasamplewasingoodorien七ed

s七a七e,perpendicular七 〇 七hepresseddirec七ion.Thepreferredorien七ed

samplewasse七sOasfor七hepressedplaneof七hesample七 〇beperpendicular

七Q七heincidentga1㎜aray。

工nFig.5isgiven七hespec七raof(z-FeOOHa七rOom七empera七ure.The

spec七r㎜of七herandomorien七edsa皿plehas七hera七ioof七hepeakin七ensi一

七iesof5:2:1:1:2:5f七heexpec七edvalueof七hecomple七elyrandorasamp],e,

whereas七heratioQf七hepeakin七erlsi七iesobservedor1七hepreferredori-

en七edsampleisclose七 〇 七hevalueof3=4:1;1:4:5。 工nsuchasample七ha七

all七hec-axesofpar七iclesareinsameplarlebu七 〇七hera-andb-axesare

complete].yrandom,七heobservedra七ioof七hepeakin七ensitiesisob七ained

onlywhen七hespinaxisisperpendicular七 〇 七heinciden七ga㎜aray.1七

isobviousfrom七hesimplecalcula七ionano七herspinarrangemen七willgive

samespec七rumwhichisObservedintherandomorien七edcase。Therefore

七hean七iferromagne七icspinaxisof(Z-FeOOHisparallel七 〇 七hec-axis.

Theresul七isingoodagree皿en七wi七htha七 〇fOos七erhou七whode七ermined

七hespinaxis七 〇beparalle1七 〇 七hec-axisfrom七he七empera七uredependence

of七hemagne七icsuscep七ibili七iesperpendicularandparalle1七 〇 七hec-axisg

using七hemlneralsinglecrystalspecimen。

Therela七iOnOfM～5ssbauerspec七rawi七h七hepar七icleorien七ationcan

bediscussedqui七eana].ogouslywi七h七hepreviouscaseof(X-FeOOH.From

七heobservedMbssbauerspec七rumitisconcluded七ha七 七hespinaxesof〆g-

andr-FeOOHareparal!e1七 〇 七hec-axesinbo七hcompounds。Ml5ssbauer

spec七raof/9-andγ 一FeOOHareshowninFig・6and79a七liquidni七rogen

andliquidheli'Lim七empera七ure,respec七ively●
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CONCLUS工ON

I七isapParen七frO皿 七heaboveexperi皿en七alresul七s七ha七 七hreekinds

ofironoxyhydra七esCt-・,〆9-andγ 一FeOOHarean七iferromagne七s,andspinaxis

ofeachcompoundisparalle1七 〇 七hecrys七alc-axis.〇 七herresu1七sare

summarizedin-Table2●Themagne七icsuscep七it)ili七iesQf七hesesaInplesshOw

somewha七peculiarbehavior,bu七sa七isfac七 〇ryexplana七ionofwhichisno七

givena七 七hepresen七 七iエne.
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Fig.1

Fig.2

Fig.5

Fig.4

Fig.5

Fig。6

Fig.7

FigureCap七ions

Electronmicrographsof(∠-FeOOH,acicularshapeofthe

par七iclesisshown。

ElectrOn皿icrographof〆9-FeOOH.

Elec七ronmicrographsofr--FeOOH.

Ternpera七uredependenceof七he皿agne七icsuscep七ibili七ies

of七hreeironoxyhydra七es.

Mbssbauerspec七raofα 一FeOO且a七r。om七empera七ure,

preferredorien七edsample(above)andrandomorien七ed

sample(bel。w).

Mdssbauerspec七raofメ9-FeOOHa七1iquidni七rogen七e皿pera七ure,

preferredorien七edsample(abOve)andrandomorien七edsample

(bel・ ・N).

M～5ssbauerspec七raofr-7eeOOHa七liquidhelium七empera七ure,

preferredorientedsample(above)andyandOmorien七edsample

(belOW)。
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     The particle size dependence of the  Neel temperature of  a  -Fe001-1 was 

studied experimentally. The  Neel temperature decreased with decreasing 

particle size and the  /-Fe00H of  2000 in particle size showed the  Neel 

temperature which was about 9% lower than that of the bulk specimen. 

                           INTRODUCTION 

     In recent years  d-Fe0OH has been the subject of the  MOssbauer and 

other magnetic studies. There are, however, great discrepancies between 

the experimental results. The  Neel temperature of this compound, determined 

from the magnetic susceptibility or from the temperature dependence of the 

internal field, spreads over the wide temperature range. Szytuza et al 

reported  330oK1) as the  Neel temperature, whereas  440°K was given by 

 Oosterhout2). The previously reported values of the  Neel temperature was 

summarized in Table  1.3,4) It was suggested by some authors that the dis-

crepancy may be due to the deffect structure in the samples. However, 

clear explanation has not been given yet. In this work the dependence of 

the  Neel temperature on the particle size of  d-Fe0OH was studied with the 

purpose of elucidating this problem.

*  Ua  -- Laboratory of Solid State Chemistry. Institute for 

                 Chemical Research, Kyoto University, Uji, Kyoto. 
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                           EXPERIMENTAL 

 1) Sample preparation 

     Four samples of  d-Fe0OH were prepared. One sample  (A-1) was made 

by the oxidation of the suspension of Fe metal with the air. Detailed 

description of reaction method was given in the precedented  paper5). The 

other three samples of (A-2, A-3 and A-4) were prepared in the .following 

way. 

    200g of  Fe(NO3)3:9H20 was dissolved in distilled water, then 89g of 

NaOH was added to the solution. Resultant brown precipitates, which were 

amorphous in the X-ray analysis, were aged for 24 hr at room temperature. 

After that the hydrolysis reaction was carried out on these precipitates 

at 80°C, 95°C and 130°C respectively. With the proceeding of the reaction 

the amorphous precipitates were gradually converted to yellow precipitates 

of  ct-Fe0OH. The  d  -Fe0OH precipitates thus obtained were filtered, 

washed with distilled water and dried at 80°C. X-ray and near-infrared 

analysis affirmed that these precipitates consisted of  d  -FeOOH only. 

No other element than Fe,H and 0 was detected by chemical analysis. 

2) Measurement 

     The  Neel temperature TN of  d-Fe0OH was determined by the temperature 

dependence of the internal field Hi of the  MOssbauer spectrum. The magnetic 

susceptibility measurement was also used as a subsidiary method. Particle 

size was determined by electron micrography and gas adsorption method 

(B.E.T. method). 

                      RESULT AND DISCUSSION 

     In  Fig. 1 the temperature dependence of Hi observed in samples of 

A-2 and A-4 are given. In Fig. 2 some of the spectra of these samples 

observed at different temperatures 296°K, 340°K and 355°K are shown. Both 

samples exhibit ordinary temperature dependence of Hi, but nevertheless 
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the observed absolute values of Hi are different especially in high tem-

perature range.  The temperatures, at which the collapse of Hi occurs, are 

determined to be 395°K and 365°K by the extrapolation , respectively. The 

temperature dependence of Hi of the samples of  A-1 and A-3 shows the same 

tendency and the collapse of Hi occurs at 400°K and 386°K . The temperature 

dependences of the magnetization curves of the sample  A-1, A-2, A-3 and A-4 

are given in Fig. 3. In these curves of two characteristic behaviors are 

observed.  One is the magnetic cooling effect and the other is the appear-

ence of the broad maximum at the different temperatures. For example, 

sample A-4 shows the peak at 365°K and below this temperature magnetic 

cooling effect is observed. The temperature where the peak was observed 

coincided with the temperatures at which collapse of Hi were observed. 

     In Fig. 4 an electronmicrograph of sample A-2 is given. From this 

photograph it is seen that  d-Fe0OH particle have rectangular shape. 

Regardless of the particle size, the ratio of three edges of the rectangle 

that are the longest, middle and the shortest is always  10;1;0.3 appro-

ximately. In other words,  cl-Fe0OH particles are isomorphous. Hereafter 

we represent the particle size with the lenght of the longest edge. The 

average particle size are summarized in the second column of the Table 2. 

The particle size is the largest  (4) for sample  A-1 and it decreases with 

increase of the sample number. The smallest particle size (A-4) is  2000A. 

     In discussing it must be proved first that the temperature determined 

by the extrapolation, where the collapse of Hi occurs, is true TN. In 

fine particles there exists possibility that thermal fluctuation of the 

electron spins gives deceptive TN. This phenomenon, usually observed in 

the magnetic susceptibility measurement is called superparamagnetism. 

In the  MOssbauer spectrum thermal fluctuation effect was calculated theo- 

retically by Blame and Tjon6) as a function of the relaxation time. 
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Otherwise the equation for the size dependence of relaxation  time was given 

by Neel.7) These two theories indicate that true TN is obtained by the 

extrapolation of the temperature  vs. Hi curve of the  MOssbauer spectrum 

even if the thermal fluctuation effect  exists. This is shown in Fig. 5 

 shematically. In this figure solid and dotted lines exibit the expected 

temperature dependence of Hi under the influence of the thermal fluctuation 

effect in the case of different TN. From above discussions it is apparent 

that the temperature determined by the extrapolation gives true TN. The 

data summarized in Table 2 show that in these samples TN decreases with 

decreasing particle size. In Fig. 6 particle size dependence of  TN is 

given graphically. 

     It is concluded from the present experiment that such factors as the 

contamination by foreign ions and the change of the lattice parameter are 

discarded and the decrease of TN is brought out by the decrease of the 

particle size. Concerning size dependence of the magnetic ordering tem-

perature only few papers were published both in the theoretical and ex-

perimental fields.  Dresselhaus obtained the exact solution of  Tc in the 

case of Heisenberg ferromagnet of 8 spins in cubic lattice. In this case 

 Tc is about a half of the infinite system of the same lattice. In the case 

of d-Fe0OH the number of the magnetic ions is about 104 and so it is im-

possible to get the exact solution of TN. Instead of the exact solution 

it may be possible to explaine this decrease of  TN based on the model 

adopted in the explanation of the decrease of TN in dilute  ferrites.9)-11) 

     This model assumes that TN depends on the average number of the 

magnetic bonds per magnetic ion and the decrease of TN begins with the 

substitution of the magnetic ions with nonmagnetic ions. In the case of 

 d-Fe0OH vacancy and the surface take the place of the nonmagnetic ions 

(It seems natural that the  density of the vacancy increases with decreasing 
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particle size from the magnetic data and the surface also increases with 

decreasing particle size). As an example, in  a  -Fe0OH of  2000A in size 

and of 5% vacancy density, TN is expected to show about 10% lower value 

than that of the bulk specimen. Further quantitative discussion is im-

possible, however, because of the difficulties in estimating the amount 

of the vacancy in the sample. 

                            CONCLUSION 

     The present study has shown that TN of  a-Fe0OH exibites the particle 

size dependence and the size dependence is one of the origins of wide di-

divergence of TN reported for this compound. 

     It seems probable that the size dependence of TN is as a result of 

the increasing vacancy and the surface with decreasing particle size and 

the same effect is expected to occur in the all kinds of magnetic fine 

particles. 
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Fig.

Fig.

Fig.

Fig. 

Fig.

Fig.

                         Figure Captions 

1 The temperature dependence of the internal field of  Mbssbauer 

   spectra of sample A-2 and A-4. 

2 The observed spectra of sample A-2 and A-4 at 296°K, 340°K 

   and 355°K, respectively. 

3 The temperature dependence of the magnetization curves of 

   sample  A-1, A-2, A-3 and A-4, respectively. The arrow shows 

   the  Neel temperature of each sample. 

4 Electronmicrograph of sample A-2. 

5 The expected temperature dependence of the internal field 

  under the influence of the thermal fluctuation effect in the 

   case of different  Neel temperatures. 

6 The observed particle size dependence of the  Neel temperature.
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Table 1

    R

Reported  Neel Temperature of  a  -Fe0OH

 L

Reference 

  1)

1)

)2

 )

 4)

 Neel  Temperature 

 330°K

 320-370°K

440 

393 

400

K 

 K 

 K

 O

 O._

 O_

 a  tura Method

 

I

 Mag.

 Mag.

 Mag. .

 Sus.

 Sus

 MOss eff

 

1 Moss eff

 NeelandSize

 Sus,, 

 effect

 1

Table 2 Observed

Sample 

 A-1

Particle Temperature

Particle Size

 1  >  1

 Néel Temperature 

400°K

--1 

 J

A-2  6000A 395°K

A-3 

A-4

4000A 

 2000R

 387°K

36 5°K
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