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INTRODUCTION

Ilenatlüe (<-Fe2O3) ts baslcally a unlaxlal antlferro-

magnetw1th1nterest1ngand'unusua1propert1es.Attenperaüures

below 262,7oK tfre anülfegomagnetlc axls 1s parallel to the

[fff ] afrectlon (Sfrutt et 41. ¡ 1,95L), At thls temperature a

transformatlon occurs whereupon the antlferronagnetlc axls

rotates lnto the (fff ) plane. Thls transltlon ls knourn as the

Morln transltlon and. the ternperature at whlch lt occurs ls :

referred. to as T¡vi (Honda and. Sone, 191¿l; Charlesworth and Long'

L938; I{orln, 1950).

It has been shown as a result of many measurements on

henatlte that there ls a weak spontaneoo" *ot"nt wlthln the

basal plane (Smttfr , l¡9l6 ¡ Chevalller, .J.95.J-; Gulllaud'' I95Li '

Neel and. Pauthenet, 1952; IrÏeel , Lg53; Lln, L959, L960, I96L, 1962¡

Tasakl et al' , Lg62; Iwata et al. ¡ Lg62; Tasakl an¿ 1ld.a , I96J) ,

thts ls now known to be d.ue to a cantlng of the antlferromagnetlc

subLattlces arlslng friom a term p(l*rnt - l"n¡), ln the expresslon

for the free enerEY where

ñ'=Ë1+EZ*63+84,
I = Et - E2 - E'3 + Eþ,

f3 Is a constant, ,

Fl, É2, E3 and E4 are the average values of the splns of

the four magnetlc lons (Dzlaloshlnskll, L957; Aharonl et al.,

L9621,
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Thls transltlon from the purely antlferromagnetlc state

to the weak ferrornagnetlc state ls fleld dependent. A magnetlc

fteld. applled along the [fff] dlrectton lnduces the welL known

"spln-flop" transltlon (Náef, t936¡ Nagarnlya et aI. r t955t

Morrlsh, tg6il whlch has been experlmentally verlfled (Poulls

et aI. ¡ L1SL¡ Gorter, L953; Besser and. Morrlsh, L964¡ Foner and

tll}llanson, 1,965¡ Hlrone, L965), A fleld applled ln the (111)

plane wlII also lnd.uce the Mortn transltlon (Kaczár and.

Shalnlkova, Lg64l Fland.ers and- Shtrlkman, t965).

In both casea as the fleld. lncreases the temperature of

the Morln transltlon d.ecreases, though there 1s a dlfference tn

the temperature d.epend.ence (Foner and Shaplra, t969),

Mlcroscoplcally t}.e DzLaloshlnslrli cantlng tern was

expressed by Morlya (L96O) ln the free energy expresslon as

¡f . (Er x E2)

where ã ls a vector parallel to the [fff] afrectlon and' E1

and E2 are the spln angular momenta of the two lons und'er

conslderatlon. rt has been postulated by searLe (t968) tnat

ã lb allowed to polnt tn elther dlrectlon aLong the [fff]
axtst 1.e. the expresslon should' be

Jd.(ËtxE2).
fn that case the macroscoplc õ vector must be a

comblnatlon of the nlcroscoplc t[ vectors and wou].d. then exlst

because of a Long range cooperattve effect between the vectors

leadlng üo a spontaneous allgnment-of the nlcroscoplc ã vectors.
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-p would. therefore be replaced. uy(ñ)= õr, f belng an

approprlate statlstlcal dlstrlbutlon functlon.

Uslng thls assumptlon lt was attenpted r uslng

molecular fleLd. theory, to d.escrlbe theoretlcally the Morln

transltlon when a fleld' ts applled' ln the (rrr ) plane'

The flel-d. lnduced. transltlon vrag expertnenüalIy stud.led

and the results compared wlth theory.

The tenperature d.epend.ence of the weak eponüaneous

moment ln the range of room temperature to T¡ was also stud"led

ln an effort to elucld.ate the nalure of the vector D. (T¡1 ls

the tenperature at whlch the weak moment dlsappears, gee

Concluslons ) .



CHAPÎER I

Crystal and Magnetlc Structure of Hematlte

The crystal structure of henatlte was establlshed fron

X-ray data on natural slngle crystals (Paullng and. Hendrtcks'

Lg25) and. has been reflned. sllghtly by Blake et al, (L965).

Hernatlte ls the stable rhonbohed.raL forn of ferrtc eesqutoxlde

bUü there ls also a cublc splnel form, Y-Fe2O3 whlch transforns

lrreverslbly to theo(-phase at hlgh tenperatures (Mason, t943),

The untt cell of henattüe ls a rhonbohed.ron wlth ed.ge length

5,4243 A.U. and. rhornbohedral angle 55ot7.5'. there are two

moLecules and hence four magnetlc lons ln each unlt celL. The

lron lons l-le along the [fff ] Afrectlon, 1.€. the trlgonal axls

of the crystal. Each tron lon ls surrounded by slx oxygen lonst

one at each corner of a dlstorted. octahedron. three of the

oxygen lons are sllghtly nearer üo the central lron lon than the

other three.

The strucüure ls shown ln Flgure 1.

the dlsposltlon of the spln systen was resolved. by Shull

et al , (tgsL'), Neutbon dlffractlon patterns of a powd'ered'

sample v¡ere taken over a range of tenperaüures from BOoK to

100OoK and. lndlcated. a baslc antlferromagnetlc strucüure.

Ilowever there was some d.lfference wlth temperature ln structural

detall. Shull aLso d.emonstrated. that the rnagnetlc unlt celI ls

the same slze as the chenlcal unlt cell and thaü there are four
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unlquely posltloned. Fe lone ln the ce1I, shown as A, B, C and

D ln Flg. 1.

There are three posslble antlferronagnetlc arrangements

relaülve spln orlentatlons for these four atoms. They are

follows ¡ -
a) + - +

b) + + - -
c) + - + -

Here a) lnd.lcaües that lons A and. D have parallel

orlentatton, say upward.s, whlle B and C both have anttparallel-

amangements wlth respect to A and. D and. therefore d.ownward.s.

The magnetL.ø strucüure factor for c) vantshes ln the (fff ) and.

(fOO) reflectlons and. hence ls lrnned.lately exclud.ed slnce they

lrrere s€€rlc Flnlte lntensltles however are pred.lcted for a) and

b). The observed. lntensltles d.epend not only on the nodel- but

also on the orlentaüton of the nonents ln the model wlth respect

to the d.lffraetlng planes. For the orlentatlon wlthln the unlt
ceLl, the three most reasonabl-e posslbllltles are

I) the moments dtrected. along the unlt. celI edges.

II ) the mo¡rents d.lrected. along the space dlagonal of the

unlt cell and. are thus perpend.lcul-ar to the (fff ) sheets ln the

Lattloe.

III) the moments are ln the (fff ) sheets and d.lrected. üowards

one of the three nearesü nelghbours ln the sheet..

Fron the results of Shull's neutron d.lffractlon d.atar 1.ê. by
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comparlng d.ata obtalned ln experlment wlth calculated. structure

factors, lt was seen that the room tenperature data suggested

a) wlth orlentatlon III as belng cogect, whlle at Low

tenperatures the suggested. structure ls thaü of a) wlth

orlentatlon'II.
Shull therefore proposed. that the low tenperature d.ata

could. be accounted. for as a reorlenüatlon of the nagnetlc

moment allgnrnent fron wlthtn the (111 ) sheets üo one perpendlcul-ar

to these sheets when the temperature ls lowered.

Thls structure has slnce been conflrmed by further neutron

d.lffractton experlments (Nathans et aI., L964),

Neel (t9t+9, Lg53) attenpted

of weak ferromagnetlsm ln henatlte

explaln the Phenomenon

a "parasltlc" ferro-
fo

as

magnetlsm ¿ue to lncl-uslons of nagnetlte (Fe3O4) lylng ln (111 )

sheets so that the resultant monent was ln the (fff) plane'

llowever thls model could. not account for t'he dlsappeerance of

the weak moment below the Morln teruperature' Ll $956)

ascrlbed the monent to the presence of antlferromagnetlc

donaln walls whlch vrere stabtllzed' by lnhonogeneltles and

lmperfectlons. Hourever lt has been well establlshed. that ühe

mornent |s lnsensltlve to doplng (Tasakl and. I1da, L96L¡

Ftand.ers and Bernerka, t965) and. thls would rule out Lt's

hypoühests.

In a serles of expertments Tasakl and hls coworkers
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showed. that weak ferromagnetlsm ls most llkely an lntrlnslc
property of the crystal (Tasakl et al. r L96O¡ Tasakl and Ilda,
L96L, L963). A systenatlc study was nade of the lnfluence of

oxld.atlon and red.uctlon on the "parasltlc" moment of pure and

doped hematlte. They were always able to analyse thelr results
ln terns of an lsotroplc part and. an anlsotroplc part (after
NéeL , tg53). The lsotroplc part renalned. after coollng below

-15oC whereas the anlsotroplc part dlsappeared. Slnce the

tsotroplc part largely changed. wlth the process of oxldatlon

or reductlon and became alnost zeîo by proper heat treatnent

thls part was almost certalnl-y d.ue to the non stolchlonetry of

the Fe2O3. The anlsotroplc part dld not change by these

treatments and therefore lt would seem to be an lnür1ns1c

property of the materlal.
Furthermore Aharonl et al, (tg6Z) uslng dlfferentlaL

thernal analysls measurements found thaü of all the theorles

for the exlstence of the weak moment only ühat of Dzlalæhlnskll

would flt ühe experlmental d.ata.

Dzlaloshlnskll's explanatlon (t957) was proposed. on the

basls of syrm*ry arguments (Blrss , L96l+; Tavger and, Zaltsev,

t956) and on the use of the theory of phase transttlons (Landau,

t937 ¡ Belov, 19651 Slrota et aI,, t966r, He suggests that weak

ferromagnetlsm can arlse ln an antlferrornagnetlc lattlce by a

cantlng of the splns towards one another ( luustrated. ln Flg . z) ,

whenever the cantlng d.oes noü change the synnetry. rn other
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words, a spontaneous rnagnetlc rnonent may exlst only when lt ls

lnvarlant und.er the actton of al-I of the symmetry transformatlons

of the correspond.lng group (Tlnkham, t965), In henatlte, besldes

the paranagnetlc phase above T5r there are two states. state 1

has the splns along the [fff] atrectlon whllst ln state 2 the

splns are perpend.tcular to lt. Dzla1oshlnskll showed that the

wealç moment ts allowed ln state 2 and, that lt ls not alÌowed ln

state 1.

The next step was to wrlte d.own the free energy of the

systen ln terms of the spln varlabl-esr 1.ê.

ñ=81 +ÉZ *83*Ë4

il =81 Ez-83+84
=LZ=sL aZ+ "3-"t+
ij=81 +-s2-Ë3-Ep

E1, É2, Ê3, E4 are the average vaLues of the splns of

the four magnetlc lons an¿ ñ ls the average nagnetlc monent of

the unlt cell, DzLa]-.oshlnskll showed that the free energy of

the system was lower when a canted. arangemenü was consldered

than for a purely collnear anülferronagnetlc arrangement of the

sublattlce moments.

Thls terrn ls expressed by Dzlaloshlnskll as

p(l1*nt - 11yn¡¡) '
llhere p ls a constant and. the coordlnates refer to a

rectangular systern wlth the z axls along the trlgonal axls.

The theory of Dzlaloshlnskll ls however phenomenologlcal.



It was not shown how the lnteractlon causlng the weak moment

arose or how the nagnltude of the weak moment could be calculated.

Morlya (f96Oa, 1960b, L963) demonstrated that the tnteractlon

ls due to an anlsotroplc super exchange lnteractlon. Ile

extended the formallsn deveLoped by Anderson (tg5|) fn a theory

of super exchange to lnclud.e the effects of spln orbtt coupllng.

The nechanlEn of super exchange was flrst proposed by

Kramers (t934) fn an effort to explaln the nagnetlc behavtour

of paranagnetlc salts. Blzette (L946) and. NéeI (19þB)

enphaslzed. the lmportance of thls. mechanlsn by whlch magnetlc

lons lnteracf vla a non magnetlc lon 1n antlferromagnetlc

substances. And.erson (tg50) presented a detalLed, treatment and.

clarlfled. the mechanlsm. He consldered. one oxygen lon and two

adJacent magnetlc lons. Also tno electrons occupy the same

p-orbltal of the O-- lon and. one electron ls ln each d-orbltal
of the nagnetlc lons. The two electrons ln 0-- form a slnglet
state so that there wlll be no exchange coupllng between

nagnetlc lons M1 and. M2. Eowever the posslbtrllty exlsts of one

of the two electrons of the 0-- lon belng transferred to one of

the two magnetlc lons, say M1r and occupylng 1ts s- or d-orbltaI.
fn thls exclüed state, the unpalred electron left ln 0-- can :

coupl-e wlth the electron of the other magnetle lon M2. There

shouLd also be a strong coupllng between the electron transferred.

to M1 and the orlglnal el-ectron ln M1. The two electrons

orlglnally belonglng to the oxygen.lon have opposlte splnsr so
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that there w111 appear an lndlrect spln coupllng between M1

and M2 through thls exclüed. state. GlLLeo (t957) applled the

super exchange mechanlsn to account for a calculatlon of the

exchange energy ln henatlte.

In Morlya's d.eveLopment ühe most general forn of the

spln-spln coupllng between t¡uo splns 31 and ã2 ls wrltten as

YlZ = E1.ks .ãZ + Ë1.k¡r!t
ks and. kg represent synnetrlcaL and antlsynnetrlcal

tensors respectlvel-y. Thus the flrst tern ls lnvarlant under

ühe lnterchange of the two splnsr whtle the second. term changes

slgn. The synmetrlcal part of the spln coupllng determlnes the

most favorable orlentatlon'of the ord.ered. splns' but does not

glve rlse to the cantlng of the sptns ln two sublattlce

antlferromagnetlc materlaLs. The antlsynmetrlcal part of the

spln coupllng ls glven by an expresslon of the form

ã.(Ef x Ez), ã ls a vector and E1 and E2 are

the spln anguLar momenta of the tons on the two sublaütlces.

It w111 be shown below that'ã ls paraLLel to the [fff] atrectlon.

thls type of coupllng can glve rlse to canttng of the splns

because the coupllng energy ls at a ntnlnum when the two splns

are perpend.lcular to each other. (It ls thls tern whlch

correspond.s to the one d.eveloped. by Dzlaloshlnskll, 1.€o

p(11*n, - l1yna).)

Furthermore Morlya showed that the nagnltud.e of ã ls =
J where g ls the gyromagnetlc tensor and. Ag ts the devlatlona.Ë

I
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from the value for a free electron (BogLe and S¡rnmons, 1959),

J ls the lsotroplc super exchange coupllng constant.

The coupllng between two lons 1 and. 2 locaüed at the

polnts A and B ln a crystal ls consldered.. The folÌowlng rules

are used. to.d.eternlne the d.trectlon of i[ (Blrss, t964; van der

Lugt, t965)t
(f) When a centre of lnverslon ls Located. at a polnt half-

way between A and. B,

ã=0.
(ff) When a mlrror plane perpendlcuLar to AB blsects A3'

A ll mlnor p1ane.

(fff ) Wfren there ts a mlrror plane lncludlng A and Bt

d. .¡[ mlrror plane.

(fv) Vlhen a twofol-d. rotatlon axls perpendlcular to AB

passes through the nld.polnt of ABt

d -L two fold. axls.

(v) l,Ihen there ls an n-fo1d axls (n> 2) along AB,

d ff AB.

o<-Fe2O3 has a corundum type crystal- structure and the

space e;roup ls ,9U (Bertaut , tg58'), The symnetry elements of

the group are Er 2C3, )U2, It Z1gt 3t6, C3 d.enotes a vertlcal

threefold axls, IJz a horlzonüal twofold axlsr o-d a vertlcal

symmetry plane, 56 a stxfold. rotatlon-reflectlon axls and. I

the operatlon of lnverslon. Because of the threefold rotatlon

axls Cj, t[ ¡nust be parallel to the trlgonal axls ([fff]) for
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any palr of lonsr 1.ê. ln q,-FeZOj an Fe3+-f'e3+ palr. As there

are lnverslon centres at the nldpolnts on the llnes contalnlng

lons A and D and. B and. C, there ls no anttsynmetrlcal coupllng

between lons A and. D or B and C. The coupllngs between A and.

B and. A and . C nust be equal but of the opposlte slgn to those

between C and D and B and D, respectlvely, because of the g1lde

p1ane.

Slnce ühe spln arrangements ln x-Fe2O3 are such that

S1 ll E4 and E2 lf Ë3 d * O for these palrs and lles aLong the

[rrr] atrectlon.
Thus a flrn ground has been glven to the mechanlsn of

lueak ferronagnetlsm flrst proposed. by Dzlaloshlnskl1. It ls

no longer a phenomenologlcal nodel but ts a real- effect

establlshed theoretlcally. Though there nay be effects

contrlbuted by chenlcal lnpurltles or structural d.efects' thls

mechanlsn always exlsts aa an lntrlnslo property of the crystal.
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CHAPTER II

EXPERTMENTAL TECHNI(AUE

The crystal on whlch the measurements were nad'e was

prepared. !n. the laboratory by the 81203 flux üechnlque (Curry

et al. r tg65), 240 Sn o1 BL2O3 and 1ll0 gn of Fe2A3 were loaded'

tnto a 220 cc platlnum cruclble. Thls was heaüed. for two

hours aE L3}OoC. It was then cooled. at an average raüe of

lo/hour between t3}OoC and. !00oC. The power was then üurned-

off and the furnace Lefü to cool overnlght.

Thecrystalwasfurtherprepared.bymeansofan
ultrasonlc grlnder (Raytheon) and. a d.lamond. salf (Mlcro-Matlc)r

After orlenttng the crystal by X-rays, uslng the back reflectlon

üechnlque (Besser, tg65l , the crystal was cut lnto a d'lsc 3 ¡nn

thlck wlth prlnclpal axls perpendlcular to the (110) pl-ane*

The secËlon was then mad.e lnto a d.lsc wlth (110) faoes by means

of an ultrasonlc grlndlng apparatus. The d.laneter of the d'tsc

was 4.5 nn and. ühe flnal mass was spproxtmately 200 ng. the

(lTO) face was chosen so that measurenents cou1d. be made aLong

the [111] atrectton and- also ln the (111) plane by rotattng

abouü tfre [fÏO] atrectlon. The [ffÏJ dlrectlon ts a dlrectlon

wtthln the basal plane (Fte. 3)' It was not lmporüant whlch

dlrectlon ln the basal plane was chosen because the ln plane

anlsotroples v¡ere neglected. The effectlve fleId due to

magneto crystalÌlne anlsotropy ls of the ord.er of 10 0e conpared
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to the weak moment (Besser et al. r t967), The sample was also

annealed. so that anlsotroples d.ue to randon süralns could be

neglected.

Measurements of the magnet.l.zaülon were made uslng a

vlbratlng sanpl-e nagnetometer d.eelgned by Foner (t959) and

manufactured. commerclally (P.A.B. Ltd.. ).
The sample ls fastened. to a vlbratlng sanpLe hold.er

whlch moves slnusoldally along the z d.lrectlon (Flg. ll) wlth

a frequency of 82 cpsr Thls moüton lnd.uces a current ln two

plckup colls attached. to the magnet pole faces. The current

lnduced. ls proportlonal to the magnet1-zatlon of the sample and

al,so on the mass of the sanple. The current ls anpllfled. and

compared wf.th a reference slgnal d.erlved. from the sample

holders moülon. The measurements are ühus nade lnsensltlve to

changes of vlbratlon anplltuder vlbratlon frequehcyr anpllfler
galn or anpL1fler llnearlty. The measurements are made

lnsensltlve to the exact sanple posltlon by sultable poslülon-

lng of the colls and of the sanple hold.er. the'sanple ls
f1rstcentra11ypos1t1oned'betweentheco11sbyv1sua1

lnspecülon. The sanple ls then moved. al-ong the z axls for
maxlmum output, lt ls then üranslated al.ong the x d.lrectlon

for a mlnlmum output and. then along the y d.lrectlon for
maxlnum output. Thls procedure ls then repeated. untl1 the three

slgnals agree. The sample ls then located at a sadd.l-e polnt

and. the ouüpuü slgnal ls lndepend.ent of snall d.lspLacements of
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the samPle ln anY d'lrecülon'

Thesystemwasca]-lbrated.bytaklngmeasurementsofthe

magnetlzatlon of a sphere of spectroscoplcally pì'Ee nlckel'

ThenagneülzatlonofvchlchlskrrowntobeSS.o?emu/g(AraJs

and- Dumnyrê'r tg6?)'" The demagnetlzlng fleLd of the henatlte

sample was approxlmately 10 oe. It was therefore neglected' as

wasthedenagnetlzlngfleldofthentcke].sanple.Theerror
lntrod.uced. was less t]nan þfi '

Durlngthecourseoftheexperlmenüsthewhole

callbratlon proced.ure was repeated several tlmes to ellulnate

any sYstematlc error.

Thenagnetlcfteld.wassupplled.byane}ectronagnet

(Magnlon).Themeasurementsweremad.ewlüharotaülngcoll

gauss meüer gtvlng a read'lng accurate üo ! t%

Thelowtemperaturemeasurenents!Ùeremad'euslnga

llquld. hellun dewar (And.onlan). The coolant used' throughout

Ìü&sllquld'nltrogen.Atechnlquewasd'evelopedbymeansof
whlch ühe tenperature was'süabl1tzed to Less ühan t/5o1'

Thlslnvolvedpasslngnlürogengasthroughthelnnerchamber
and.ad.Justln8theflowratevlaavalveatthepotntAand.
throughvalvenearBpastthesample,whllsËkeeplngthe
ouüer chamber fulL of }lquld nttrogen (FlS ' 5) ' The

temperature !úas measured by a copper-constantan thermocouple

d'trectlylncontactwlththesample.ThecoldJunctlonofthe
ühermocouple was attached to a block of copper frozen ln lce'
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The lce was ühen lnmersed ln a freezlng mlxture of lce and.

water. The cold. Junctlon was thus constant at O -l 0.1oC.

The hlgh tenperature measurements were made uslng a
furnace nanufactured. to be conpattble wlth the magnetoraeter

factllty (P.A.B. ). A sanple hold.er was mad-e out of a quartz

tube. The sample was afflxed by ustng a boron nltrld.e paste.

The nolsture evaporated. and left a fraglle Jolnt whlch wlthstood

the requlred- tenperatuteso

The thernocouple for the hlgh tenperature measuremenüs

lras a chromel-alumel orlê¡ there was no lnsulatlon on the v¡lre

d.ue üo the hlgh temperaturea to be coneldered. and lt was thue

lnposslble to mount ühe thermocoupre Juncülon on the sample.

.However the furnace was provtded wlth a thernocouple enbed.ded.

ln the Jacket. Thls was the thernocouple used ln the expertments.

It was callbrated by a chromel-alune1 thernocouple mad.e ln the

laboratory whlch ttself was callbrated uslng the flxed polnts

of tce and nolten zlnc. Agaln ühe cold. Junctlon was a freezlng
nlxture of lce and water.

The callbrated thermocouple was then placed. ln exactly
the same posltlon the. sanple was to occupy and the furnace then

runs slowly up through the temperature range several tlmes.
The thernocoupres were then compared and ühus ühe furnace

thermocouple was callbrated..

Durlng the ttme .that was necessary for the magnetlzatton

to be measured as a funcülon of fleld. at a parülcu1ar teroperature



the tenperature remalne¿ constant üo wlthln L/3oC.
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CHAPîEB TII

EXPERTMENTAL RESULTS

A typlcal magnetlzatlon curve ls shown tn Flg.

tenperatures above the Mor1n transltlon temperature.

6

A

for
curve

such as thls was taken for the whoLe range of tenperatures

fron room temperature (XZg|oX) up to 9?OoK. the spontaneous

magnetlzatton for each tenperature eraa obtalned. by extrapolatlng

a stralght Llne from the hlgh fleId. polnts (>f0 kOe) back üo

the polnt H=0. In purely ferromagnetlc naterlals thls nethod

oan only be used at tenperatures that are low conpared. to the

Curle üemperaùure (Be1ov, !965). Thls ls becauåe of the Dorr-

llnearlty of the rnagnetlzatlon curve ln the reglon of ühe Curte

polnt. The Curle temperature ls the tenperature at vrhlch the

energy dr.r.e to thermal agltatlon ls sufflclenü to destroy ühe

sponüaneous magnetlzatlon, 1.ê. the polnt at whlch the naterlal
becomes d.1sord.ered.. However lf the naterlaL ls ln a nagneülc

fteld. below the Curle polnt the ferromagnetlc.axls w111 be

allgned parallel to the fleld. thus, when ühe naterlal reaches

the "ord.erlng" temperature lt wlll have an lnduced nagnetlc

noment because of ühe appLled fleld. Thls ln turn lnduces a

non zeto nolecular fleld whlch leads to a d.lscontlnulty tn the

susceptlblllty at the ord.erlng temperatüTêr One of the nethods

glven by Belov (tg6S) nust be used. to d.eternlne the Curle

tenperatürê r

seen above thaü henatlte ls a weak ferromagnet.It has been
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Thus when a rnagnetlc fleld ls applled. lt has been assumed t'haü

because any effectlve anlsotropy flelds are negllglble the weak

moment ls collnear wlth the fleld. and. thus the fleld ls

perpend.lcular to the antlferromagnetlc axls. Thus unllke the

case of a ferromagnetlc materlal the susceptlbtllty perpendlcular

to the antlferronagnetlc axls ls consüant up to the Née1

temperature (1.e. the d.lsappearance of antlferromagnetlc ord"er)

and. then decreases rather sharpl-y (Naganlye eþ 41., t955t

Morlya , tg6ol Snart , L966), In a ferromagnetlc naterlal the

susceptlbll-lty dlverges whlch ls the reason for the non-Llnearlty.

Hence lt ls assumed that the spontaneous magnettzatlon can be

found ln the manner d.escrlbed above. Any error arlslng from

thls proced.ure ¡rould. tend to overestlnate the orderlng

temperature yet the ord.erlng temperature determlned ln thls

fashton ls, experlnenüa}Iy, always Less than nethod.s uslng

oüher effects such as the Mossbauer or N.M.R.

the NéeL polnt ¿eterrnlned by notlng when the weak

spontaneous momenü became zero was 938 I 3oK. A curve of

red"uced temperature .agalnst 
reduced magnetlzatlon was then

obtalned. It ls shomr by the dots ln Flg. /. the curve ls

normallzed to the sublattlce magnetlzatlon curve' obtalned

from hyperftne fteld d.ata (van der lJoude, L966), "t + = 0,95,
l¡

The susceptlbtllty was also neasured. as a functlon of temperature

both wlthln the (111 ) plane and. along the [fff] axls for

üemperatures between roon tenperature and TN. It was found
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Flg. 7

Temperature d-epend.ence of the weak ferromagnetrc
sroment of heroatlte " The upper curîre represents
the normallsed tenperatu.re d.epend.ence of the
subLattlce magnetS-zaþLano Ëhe d.ots are enperi.$ental-
d.aÈao whlle the lower curve is caLculated. from
equatlon (32) æ The experlnental data has been
fltted to the l0wer curve by chooslng an approprlate
normallzaülon constant .
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that they were constant and. the values are

X = 2!,0 Í 1.0 x 10-6 e¡nu/8oe
(111 )

X - ^ = L9,5 t 1.0 x 10-6 ernu,/8oe
1111 J

The moment ln the basal plane rrlas measured for several

tenperatures below 1¡4. Some of the results are sho¡rn ln Flg. 8.

It ls seen that at a crltlcal fleld H. there ls a transltlon

from the purely antlferromagnetlc state to the weak ferro-

nagnetlc onêr The fleld Hs lncreases for decreaslng tenperatüTê¡

At -10.5oC the transltlon occurs at zero fleld. The transltlon
was studled. uslng both tncreaslng fleld. and. a decreaslng fleld-.

The transltlon occurred at the same value of I1" ln both

d.lrectlons. In Flg. 9 the crosses are potnts for the f1eld

decreaslng and. the d.ots are for an lncreaslng magnetlc fleld.
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F LeLd ls?d.uced. transi.Èlons where Èhe exùerns"L
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CHAPTEB TV

DISCUSSION OF RESULTS

The free energy for the system shown ln Flg. 10 ts
E = ån1 .fr2 : õ. {ftr"fr2) - E. (fr1 + lrù - :$- (frtrz* frzrz ) (1)

2Mge

(Clnader and Shtrtkman, Lg66¡ Clnader et al.r Lg6?), The flrst
terur ls the exchange energy, ühe second the Dzlaloshlnsklt-
Morlya cantlng ter-nr the thlrd term ls ühe zeeman energy where

E ls the fleld applled tn the basal plane and the last term ls
the anlsoüropy energy. frl and. Fi2 are the sublattlce
magnetlzatlons, M0 = I frf l = | úZl,

The free energy ls expressed. ln terms of the conponents

along the axes and lt ls noted that
M1* = -lnIZ*, MlX = lqZY, y!:r, - -MZ"

and. M02 = M1*2 + tt¡YZ + l,ILz

Therefore

E =Â[-*r*' + tr¡Yz - vt¡zl zDglxplx - 2HM1r - K Mt 2 (z)
øz

Now at equlllbrlum the torque must be zero and. so

eE = ãE =0,ãr'iv >ffi"ir

solvlng the equatlons for M1X lt ls found. that
MrY = KH-w " frõz

(3)
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whlch ls

æ;ËSn\1ry xH ('+)

He, ls the exchange fle1d (= åMg), H6 the effectlve anlsotropy

fle1d (= K ) and Hp the effecttve Dzlaloshlnskll fleld
M6.

(= DMo). X tt the susceptlblllty ln the basal plane.

The measured nagnetlc moment, m, ls of course equal to

ZîI¡V r 1. €.

n = 2HsH6 Xn (5)

Hr12

Slnce HttZ = 2IlsH6 + HK2 - HD2,

Hft ls the "spln-flop"fle1d (Clnader and Shtrlknan, L966).

As ls qulte easlly seenr the calculated nagnetlzatlon
!

I curve ls llnear. However slnce some experlnental d.ata had

I fnd.lcated that there was deflnlte curvature (Fland.ers and.

Shtrlknan, tg65) lt was concluded. that the slnpIe nolecular

, fleLd calculatlon ¡cas lnad.equate. Thls d.lscrepancy was thought

to be essentlally due to statlsttcal effects (Searle, L9681,

(a) D should therefore be replaced uy (D). (¡), whtch ls
equal to ñf, f betng an approprlate statlstlcal functlon, ls a

functlon of tenperature and magnetlzatlon ln the y dlrectton.
The free energy expresslon becomes

E = -ÀMoZ + zÀt41v2 - 2(o)urx¡11x - 2HM1ï - K lmoz - M1 72 - rirv2]
fiæ' v

(6)
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At constant temPerature

)n = 4lu1v - z(o)u1x - 2urxurv à(o) - 2H'+ 2K

)rn;rv

> E = -Z(O) Ml If + 2nr41xtmr ffi
whlch are equal to zeîo

Solvlng for Mlll

i1 = Í2YI¡V= ZKA ,) *=r -.v\ffi*,'ff*
( n11 2+npz) XH

slnce u1r a'ft¡)= * >(Hn) ), ,,àt"ttv ? ?n èM1Y

rt rematns to ftnd an approprlate expresslon for (¡).

The lndlvld.ual nlcroscoplc ã. vectors from whlch the rnacroscoptc

(ñ) vector ls composed can be consld.ered as quasl-splns whlch

are elther paralLel or anttparallel to the [fff] atrectlon.

The functlon f was then taken to be of,the forrr whlch ls often

found ln the mechanlcs of spln systens. Thus the followlng.

expresston elas trled.

(o) = o L,s4 (10 )

L+e-am/wT

where Á ts a varlable parameter and. m ls the magnetlzatlon.

The low ternperature experlments d.escrlbed. earller lc¡ere

perforrned 1n order to see |f the statlstlcal mod'e} was
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satlsfactory. However no correlatlon could be found.

conslstenüly over the entlre temperature range between experlnent

and the statlstlcal theory.

Another d-lfflcul,ty that becane apparent was the slze of

the "lnteractlon energy" between the ã vectors. If they are

to be consldered. as quasl-splns then the sysüen ls quantlzed.

The lnteractlon energy necessary to reverse the dlrectlon of a

spln has to come fron a large number of splns. Thls nunber ls

so large that the energy ls of the order of the exchange energy.

It was dlfflcult to envlsage any mechanlsm responslble for
thls lnteractlon and so lt was conclud.ed that thls model was

not correct.

(b) The free energy expresslon ln thls nodel 1s slnllar to

that of the slnple molecuLar fleld. nod.e1 wlth the exceptton

that a second order anlsoüropy term ls added..

t.€. E =1frl.fie - D.(M1xM2) - E.(fi1+M2) - =SL (fr1l.2+ú2s2)
Zltlgz

- ffiæ 
(fryr2+ø2.2\2 (11)

Agaln the energy ls expressed. ln terms of the conponentst

E = z^Mvz - zDMxMy * E4_ [rur2+ri*2) - y2*.M*& - zHMy (tz)- MOz - MO+

The x and y axes are two nutually orthogonal axes ln

the (111 ) plane. It has been mentloned above that the basal

plane ( (111 ) ) anlsotropy was neglected and therefore thls

co-ord.lnate system 1s lnd.ependent of the dlrectlon wlthln the

planer 1r€. the weak monent ls along the y-axtrs and. Bo thls
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axls colncld.es $rlth the dlrectlon of the fleld ln the (111 )

plane. AIso d.ue to the fact that the energy has been re-expressed

ln terns of the nagnetlzatlon components the flrst order

anlsotropy ln thls fornalism has to be expressed as K11 =

Kl + 2K2. Kl and, K2 are the values of the anlsotropy energtes

when expressed- ln terms of d.lrectlon coslnes aS ts usually

the case (Morrlsh , L965), K2 r';as the same val-ue ln both

formallsms.

At a partlcular temperature and applled fleLcl the

and. y components are ln equlIlbrlum, therefor" + = 0 =
âM1x

?E_
Þ M1I

(13 )

(14)

(15)

(1ó)

àE
àM1Y

àn
,;r'F
eIu,

= 4ÀM*, - zDM- + 2K11M., - 2TT. = Q-_., ¡_ _fr.õf

- - zÐMy + 2K1 lryM- - 4!.\4'52 = Q- YIO¿ I19+

DMa+K1,1$y-H=0
¡tlo-

-DMy.*frlt¿--çd,=o

These equatlons are too dlfflcuLt to solve anal-ytlcal1y

and. tü was necessary to use a numerlcal nethod'. The value of

M" obtalned. from (15) was substltuted. tnto (16) to obtaln

-DMv . #[y (,ì + #) - ËJ 
- frffily (2À + trÉ) Ë]'='0"'

The exchange energy ls nuch greater than the anlsotropy

energy (Tasakt and 1lda, tg63) and so Zt>) 411. It ls seen
Mo¿

that a solutlon extsts when the stralghü Ilne represented by



33

x = 2tri'Iv - I1 tntersects wlth the cublc

-
DD

'P¡,J- + Kr1 x ZKz x3 = Q" fr7 frõT
(18 )

Thus (18) ls plotted. as My vs. x for dlfferent : :

tenperatures represented by dtfferent values of K11. Stralght

llnes are drav¡n of M, VSr X for dtfferent values of H. The

value of My at the lntersectlon of a stralght Llne rqlth the ,.1 ,
.'.. .: . .:

cublc ls the magnetlzatlon at the fleLd represented- by 
. ,i,,ì:.,j,

coefflclenüs of the stralght l-lne at the tenperature represented

by the coefflclents of ühe cublc.

It ls necessary to calculate the fleld. at whlch the

transltlon from the antlferronagnetlc state to the weak

ferromagnetlc state occurs" Thls ls done by expand.lng the

free energy ln a Taylor serles about' a mlnlmum polnt'

uslns (13) and (14)

)Jn = ,zKt - taïc YI72 ( 19 )
5çZ frõz frõ-r 4 

, :

à2n = 4À + ZKIL ( 20 ) ,' ,,,,.'",'

ãfrçzffi,
ana )2n = )Zt = -ZÐ¡

âMx?My )MyäMx

therefore around Enln

e = å(r+À + zE+) (My - Myr) 2 * b4l+*- LZK,¡-M*rZ,) (IIx - ri*t)Z
mæ - fr-du- fr'õ?r

zÐ (Mx - Mxn) (My - Myt) (2rl

In the Mx - My Plane the solutlon w111 move along a

Ilne of constant H untlL Ml = Mg. Now
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Thus

E =[å(4À . fr*t) eü2tw
Thls beco¡oes unstable when the coefflcl
0.

1,e.5{-Ínñt*tz-p$q=or
Moz Moa oW

'*rL-ez \ uo4u*rz =f i\wre) &

and. so Mt -

The value of M, ls obtalned bY

the downward transltton

Mx = Mg becones Posltlve.

1.ê. -2DMy+àítI-!{g2"='OM9 Mg

Mv = !- ( Zvt- - !5eì- totMs Ms )

(22)

+ +/zxrL - Lzt-'(fiäå--ffi rl**'?ffitt,w¡
M*-u*ml2 Qll
nt of [Pt*-M*t]2 br"or""

t
e

(2t+)

substltutlng for M*n lnto (f3).

occurs when (14) evaluated. at

(zsl

It ls seen that thls theory pred-lcts a hysteresls

effect for the transttlon. The trânsltlon from the purely

antlferrornagnetlc staüe üo the weak ferroroagnettc one occurs
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aþ a hlgher fleld than the transltlon the other wâY, as

lndlcaüed by the d.ashed. curves ln Flg. p. The fact that no

hysteresls ls found ls probably due to the presence of

lnperfecttons ln the forn of lmpurtüles and dlslocatlons.

Obvlously wlth any d.lslocatlon there r.v111 be reglons of

effectlve posltlve and negatlve pressures. It ls known that

posltlve pressures shlft TM up and. negatlve pressures shlft T¡¡

down (Umebayashl et a1., Lg66l Sear1e , t96? ¡ Worlton et 41. r

t967r, Because of thls effect,when the equal energy polnt ls
approached, for H d.ecreaslng or tncreaslngr some reglons wl11

already have gone through the transltlon and. thus w111 act as

nucleatlng centres for the remalnder of the crystal. Therefore

the bulk transltlon rcll,l nosü ltkely take pJ.ace at a polnt

where the energles of the two phases are equal.

The energy of the weak ferronagnetlc phase ls
Ef = z\ttrz - 2IrpM, + K11 K2 - zHMy

and.Mv=Hn+H
'2^

and so Bf = K11 - K2 - (nn2 + zFRn + u2)
2^

The energy of the antlferronagnetlc phase 1s

¡âf = ù*tv7 zDlytxt'ty * 5J 
1 \tIrZ - Kz M*4 - zHMyüF frãtr

and. M" = DMrr + H
t:

saf =611 y*-- K2M=l-1 (DMx+n)2' fr6E - fr"õtr 
^

(26)

(27)
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Thuspuütlngr=S¡j,
Mn

6f Ear = $[l2 [Ï-"zl + Ht]rr (1-r2) - rr1 $-r2) + Kz (1-r4)
2^À

whlch at the polnt of transltlon ls zero.

HArr - K111 (r+r ) + Kz (1+¡) (t+r2) = 0 (zB)
À

K111 ts equal to K11 - gD3
2^

Thls equatlon ls solved by lteratlon. the fleLd. at whlch the

transltlon took place was determlned experlnentally. Thls was

taken to be the equal energy polnt and values of K1 and K2 were

found.

For the curve shor^¡n ln Flg. 9r ,1.êr at a ternperature

of -19 .7oc, the val-ues were

K1 = 5623 erg/sm

KZ = l+226 erg7ga

Accordlng to the theory of Levltln and. Schurov (1968),

these values lndlcate that the transltlon ls of flrst order

ln agreement wlth Ðzlaloshlnskl | (L957 ) and wlth Foner and

shaplra (L969r.

(c) The upper curve ln Flg. 7 ls the sublattlce magnetlzatlon

curve taken frorn hyperflne fteld data obtalned. by van der

!.Ioude11966).It1sassumed'ühatthetenperatured.epend'enceof

the measured. hyperflne fteld- and. the sublattlce magnetlzatlon

M are the same (Sawatzky, L9691, The magnettzatlon m vraa

fttted to the sublattlce nagnettzatlon at Î,/Ttr¡ = 0,95. It ls
apparent tJnat n/ll lncreases wlth tenperature for a consld.erable
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range. If there waa any statlstlcal effect present lt would'

be expected to decrease wlth lncreaslng tenperature' lherefore

lt would. appear that the -statlstlcal effect ls absent or ls

nasked. to such art extent that tt cannot be seen by some other

effecto '

The expertmenta:l results can be ascrlbed' to the effecü

of mlcroscoplc d-tfferences betrreen stngle lon and dlpole-dlpole

contrlbuülons to the anlsotropy energy. The probren ls very

conpllcated and. lt 1s necessary to nake slmpllfylng assunptlons'

The spln hamlltonlan for henattte 1s wrltten to second'

ord.er

IL=

(29 \

The flrst term ls the lsotroplc super exchange lnteractton'

the second' ls the antlsymmetrlcar spln coupl-lng' the ühlrd'

term ts the nagnetlc dlpole lnteractlon anö the fourth tern ls

the slnsle lon anlsotropy. The equatlon ls expressed' ln terms

of the nolecular fleld approxlmatlon and only the Jth tern ls

coneld.ereÖ. The antlsynmetrlcal spln coupllng ls consldered

later.
rr¡ = -sfs s¡2 Hex - olstx + o2(s*)s¡"

H"'lstheeffectlvemolecularfleld.,thesecond.
term ts the slngle lon anlsotropy energy and- the lasü tern ls

the magnetlc dlpoLe lnteractlon. The notatlon ls slmllar üo

that of Artnan et a1 , (tg65\. G*) t" the average spln polarlzatlor

ln the sPln comPonents as follows

ã, Fro 
(sJ.5r¡ + d¡k'(sJ x 3r) + 3J'KJk'=-] -Tot t3'

J)k \

(30)
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per lon of one sublattlce tn the x d-lrectlon.

The relatlon of the spln coordlnate system üo the

crystal structure ls shown In Flg. 11.

Furthermore tt 1s assumed. that the temperature vartatlon

of the anlsotropy energy can be taken lnto account by allowlng

D1 and Ð2 to be tenperature d.epend.ent. D2 1s greater than Ð1

ln the tenperature range to be consld.ered., t.ê. for f¡,1(T(1¡t.

Accord.lng to ühe nolecular fle1d approxlmatlon the anttferro-
magnetlc axls lles 1n the (fff ) plane and. lt ls assuned. that lt
ls stabtllzed- along the z dlrectlon by a very snall anlsotropy

fle1d. Equatlon (30) ls expressed. ln terms of ralslng and

lowerlng operators as follows

rtJ = -BÉB s¡2 Hex - + ts3* + s¡+s¡- + sJ-sJ* + sj-J

* P? (s*) [sJ+ + s¡_J ßL)
2

where SJ* = s¡x t 1 sJy. rt ts apparent thaü f sJz) = | StzS

ls not the correcü ground. etate. If lt ls the correct ground

state then (sr) rnust be zero, however the second term ln (3L)

mlxes ln some of the exclted. states | -å). Now the "quantl zatbon"

axls of the süate | å) t" "t an angLe to tlrat of the system

where l StZ) rc the ground. state, therefore due to exchange the

actual mlxed state w111 lle between these two. The slngle 1on

ênergy would then be reduced. Although nelther J x dlrectlon
ls favoured each sublattlce wlII rotate to nlnlmlze the exchange

energy. In thls sltuatton then lt ls obvlous thaü GÐ =
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il(t.) l * o. The ühlrd tern ls no Longer zero and lt now

mlxes ln sone of the exclted. state I 
yù. Agatn the result

ls a rotatlon of the quantlzatLon axls, thls tlne towards the

(fff ) plane reduclng the d.lpo1e energy. thus there are two

posslbl-e values ror (s)r t.ê. J | (t*)l .

The hanll-tonlan ls lnvarlant T,Ilüh respect to a change

of slgn of 
f Gùf and. therefore there are two antlferromagnetlc

states¡ II¡ and. II- (Fle. 11). The state represented by II-

ls obtalned. fron IIa by a roüaülon of the spln coordlnates of

1800 around ühe z axls whllst leavlng the crystal coordlnates

unchanged-. ïn a slngle domaln the conflguratlon ls elther II+

or II- wlth no statlstlcal- nlxlng between them slnce they

orlglnate because of a long range cooperatlve effect' An

excltatlon from II+ to II- lnvolves a 3-arge nunber of splns

and. thus correspond.s to the creatlon of a macsoscoplc d'onaln.

There ls no reason why atlJacent d.omalns cannot be slnultaneously

1n the two dlfferent states (Searle, Lg6Br,
I

P ls esttmated. wlthln the Ilnlts lnposed' by the

approxlnatlon and thus m can be calculated'.

n = XIHP

xI ls ühe susceptlblllty perpend.lcular to the anül-

ferromagnetlc axls and. ls equal to L where À ts the exchange
À

constant. Hp ls the Dzlaloshtnskll fleld., whlch ls DMz.



n-LDMz
À

=DMcosdx'
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(].2)

Therefore

The vaLue or (sr) requlred to produce no rotat'lon of
ø

the antlferromagnetlc axls ls calculated' to flrst ord'er ln the

perturbedsplnfunoülons.Thlsoocurswhenthegalnofspln
¿evlatlon assoclated- wlth a rotatlon toward's tfre [fff ]

d.lrectlon ls equal to the loss of spln devlatlon assoclated'

wlth a rotatlon back toward's the (fff ) plane'

The state formed- by a rotatlon tov¡ards the J x d'lrectlon

1s

lÐ=

where a'=

t-
andJ L*a4 1s a nornallzlng factor. tthen operated' on by s" the

state becomes

r"l rà =
t-

Jt+a2
The masnttude of the spln ls thus (lt"f ù'
1.€. 5/2 - (5/2 - L/z)az (to Znd order)

Sl¡nllarly a rotatlon towards the (111 )

change the sPln magnltud'e to

5/2 - (5/2 - 3/z)a2,

plane w111



*rrla"lstl = W s/z Hex, (nla+,rltrù = -sl'n )/z H¿y;

ana(/zlorlt t) = -e/,s !/2 Hex,

Qnla+,lvz) = -+l*, (nl*,lt) = ryOf,

Thls yle1ds

and b2 = DtZ

Substltutlon ln (

<*)t =

Therefore sl.lrrz þ

Thls procedure was used

1n Flg. 7. !L ls the ratlo of
DZ

et al. , L965 ¡ l^Iorlton, t967 | .

angular

axls.

1rQ.

The states ff+ and II- are related by a rotatlon of the

momentun coordlnate systen through 1800 around the z

L+z

where b =

The new state wlLl thus be at an angle such

spln devlaülon are equal

1.€. (S/z - 3/z)vz = (S/z - L/z)az

thus ZaZ = b2

From equatlon (31)

g

that the gatns of

ß3)

/ \ ^o,t6 fE_l "
\Dz J

to calculate the lower curve

the anlsotropy energles (Artnan

II-

<r,)
-(")

-(,)

sJ"

ïï+
('")

<'.>
<',)

sJ"

s-)2

13 ) resulüs ln

(*)'

= ftùi, =
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The ground orbltal state 1s assumed. to be non-d.egenerate
(Morlya,- L963) and therefore because of the spln orblt eoupllng

sJ*

sJy

II+
LJ,
LJ*

tJv

sJ*

sJv

II-
LJ,

LJt

tJv
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( 34)

The sÞln hanrltonlan for the state rr_ ls obtalned
from that of rr.r- by replaclng the. operators and average values
lor state rr+ by those of rr- ln the hanlrtonlan. The average

value of the energy assoclated wtth an lndlvldual lonlc spln
1s

z- \ ,/-\ ,(ur)* =fr)- = - sfr(s¡z)ri"* - prf¡*) * oz$*)Gr")
ft ts necessary to show that ãf e(+) - _ ã1 Z(_,), where 1.

and 2 d.eslgnate two lonlc posltlons and i[12 ls a vector read.lng

to the antlsymmetrlc lnteracülon bet¡veen them. The second.

ord.er perturbatlon energy whlch ls blrlnear ln the spln orblt
coupllng and. the exchange lnteractlon 1s wrltten as

S-r
Ez =Z-

m

+

1nn1
En

.S
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where n, n1 represent the

exclted orbttal states of

1s an exchange lntegral.

Ur+

ground. orbltal states, m, ml the

the two lons 1 and 2, and J(nnl¡orn1 )

Accordlng üo Morlya's calculatlon

(L963\ r
ãLz=,,ìF#+#)Gl i, l,)-ã *f+**G'l izl,r)]

It has been shown above that d12 ls requlred to be

parallel to the [fff] atrectlon, therefor. ãtZ 1s rewrltten as

ãt"='*þffi ól ",,[') -ã #fSJ G' I 
rz*l-'f '.

ß5)
Thls lnmedlately leads ,olrn" concluslon that

ãrr(*) - - ã1 z(-') uslng (34) and. (351 .



CONCLUSIONS

In order to account for the d.ata near rM a second.

order term was lncluded. |n the phenomenologlcal expanslon

for the anlsotropy energy. (Flanders, (tg6g) has recently

ad.ded. a thlrd ord.er tern).

The experlnental results for the magnetlzatlon above

T¡4 are accounüed for by the nlcroscoplc dlfferences between

ühe slngLe lon and. the dlpole-d.1poLe contrlbutlons to the

anlsoüropy energy. These dlfferences also account for the

hlgher order terms ln the phenonenologlcal expresslon for the

anlsotropy energy below T14 (Kanamorl and. Mlnatono , L962),

It ls al-so prãlnted out thaü the nod.el ls conslstent

wlth a recent observatlon by Ozhogln et al-. (1968). lhey

found that the slgn of ñ.i was conserved., i(=Sf - 52) d'escrlbes

the dlrectlon of the antlferrornagnetlc axls, after labelllng

the splns. The slgn of ñ.i ls not conserved. when õ f"

requlred. to be unlquely d.eternlned. ln dlrectlon and magnltude.

The susceptlblllty was found to be hlgher ln the

dlrecülon of the basal plane than along the [fff] d'trectlon.

Thls couLd. also lnd.lcate that the antlferronagnetlc axls ls

not conpleteLy |n the p]ane. Thls follows because the

susceptlblllty would then be a conblnatlon of the antlferro-

magnetlc susoeptlblltty plus a contrtbutlon fron the rotatlon

of the antlferromagnetlc axls toward.s the (111 ) plane.

It has been proposed. that X-Fe2A3 ls actually a four
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sublattlce antlferronagnet (Herbert, L968). At tenperatures

T)Î¡f the palrs of sublattlces whlch üend. to be parallel nay

separate lnto two d.lstlnct sublattlces each cantlng sllght1y

toward.s the [fff] atrectlon wlth opposlte senses. Thls would.

also be conslstent wlth the argument presented. above based. on

the mlcroscoplc d.lfferences between the d.lpole-d.lpole and slngle

lon anlsotropy, and. thus nlght also explaln the expertmental

results.
It ls üherefore suggested that a preclse experlment ls

needed. whlch wou1d. show whether the nagnetlzatlon result's

obtalned lndlcate a sIlght lncllnatlon of the antlferromagnetlc

axls wlth respect to the (fff ) plane or tndlcates four

d.lstlnct sublattlcêe ¡

A posslble experlnent ls to study the dn = 0 transltlon

ln the lifossbauer specürum of X-FÞ203 (van d.er tfoud.e, t966),

When the f-rays propagats pareileL to the antlferro-

nagnettc axls thls shouLd. be zero. If the spectra are

record.ed. wlth the basal pl-ane perpend.lcular to thls dlrectlon

and.a1soatanang1e1trn1ghtbeposs1b1eüoreaehgome

concluslon.

ft has been found. that the Néel polnt ls g38 J 3oK. Thls

!{as measured. by notlng the d.lsappearance of the weak monent.

There ls d.oubt as to whether thls tenperaüure actually

corresponds üo the temperature at whlch the antlferromagnetlc

ord.er dlsappears (Aharonl et al., t962¡ Freler et al., L962t
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Robbrecht and Doclo, t962; Gllad et al., t963¡ fserentant et a1.,

L964),

Although 93BoK lras âssumed to be the Nóel teroperature,

pubLlshed values range from 946otç to 960oK. These depend. on

Mossbáuer effect measurements and. N.M.R. measurenents whlch

w111 obvlously lndlcate when dlsord.er ls reached-. Slnce more

lnfornatlon mlght be obtalned on the dlfferences between the

components of the anlsotropy lt 1s suggested that an experlnent

be done ln whlch the weak moment and the sublattlce

nagnetlzatlons are sonehoyr observed slnultaneously.
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