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THE MAGNETIC STRUCTURE OF THULIUM 0RTH0FERRrTE, TmFeO3*
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The magneticstructureof the orthorhombicperovskite
TmFeO3 hasbeenstudiedbetween1. 6°Kandroom tem-
peratureby neutrondiffraction measurementson pow-
deredmaterial. Above 94°Kthe iron momentsare
orderedin a G-type antiferromagneticarrangement
parallel to ~10O with a slight cantproducingaweak
ferromagneticcomponentalong tOOl J. Reorientation
occursbetween940 and81. 5°K, below which the anti-
ferromagneticcomponentis along tOol . No ordering
of the thulium momentsis observeddown to 1. 6°K.

THULIUM ORTHOFERRITE is a memberof the The neutrondiffraction patternfrom a
seriesof rare-earth-ironperovskites,other ex- cylindrical sampleof powderedTmFeO3, 9mm
amples of which havealreadybeeninvestigated.~ diameterand35 mm long, wasrecordedat the
With the conventionallabelling the unit cell di- BrookhavenHigh Flux BeamReactorat tempera-
mensions are

3 a = 5.251A, b = 5.576 A and turesof 1.6, 4.5, 78.4, 170, and 295°K. At the
c = 7. 584 ~. and the space group is Pbnm. The two lowest temperatures the range of measure-
a and b axes correspond to (001) face-diagonals ments was 0.025 (sin e)/x � 0.29 A~ while for
of the cubic unit cell of the ideal perovskitestruc- the higher temperaturesit wasextendedto
ture while the c-axis is doublethat of the cubic (sin S)/X = 0.41 A1. In additionthe 011 and101
cell. A refinementof the positional parameters peaksweremeasuredat 83.4, 88.4 and93. 4°K.
of the thulium andoxygenions hasnot yet been Thewavelengthof the neutronbeamusedwas
completedbut a comparisonof the approximate 1. 034 A.
intensitiesof the X-ray powderdiffraction lines
of TmFeO

3 andThFeO3~ shows no reasonfor An inspectionof the diffraction data
expectingsignificant differencesfrom the para- showedthat all the powderlines couldbe indexed
metersfound for TbFeO3 2 The co-ordination on the assumptionthat the dimensionsof the
polyhedronof oxygenions aroundan iron ion is crystallographicandmagneticunit cellswere
an almost regular octahedronwhile that around identical. Severalmagneticpeaksoccurredat
a thulium ion is a slightly distorted squareprism, positionswhere the nuclearstructurefactors

were eithersystematicallyzero becauseof the
symmetry or elsewerevery small. The indices

*Work performedin part under the auspicesof of thesepeakswereall of the form h + k odd,
the U.S. Atomic EnergyCommission. I odd. The mostprominentwere 011 and 101

for which (sine)/X O.11A~.
~Onleaveof absencefrom St. John’s College,
Cambridge, England. Following the systemof notationused
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I’llby Bertaut
4 8 for describingthe magneticstruc-

tures of orthorhombic perovskites our results Tm Fe0
3

may be interpreted as follows. Since, at all the
temperaturesused,the magneticreflections had
indices of the form h + k odd, I odd the moments
on the iron ions mustalwaysbe orderedin a G-
type arrangement,in which the momentsof the
six nearestneighboursof any given iron ion are H
alignedantiparallelto the momentof that ion.
An inspectionof the intensitiesof the magnetic I

~34’Kpeaksshows that above94cK the antiferromag-
netic momentslie closeto [100:. This corres-

88pondsto the F4 representationof Bertaut,
4 in I~Jwhich aferromagneticmomentparallel to [001:

is permitted. A weakferromagneticmoment,
53.4 °Kabout 0. 1 ~B per iron ion, in this directionhas

beenreported.� Symmetryargumentsshow that
thereshouldbe no componentof magneticmo- 011 101 78.4~
ment along ~oio:. On cooling, the antiferro-

.magneticmomentdirectionchangesfrom [100
to 1001:. This reorientationis commonin this 2 3 4 5

classof material. / ~ The presentresults are 28, DEGREES —+

in agreementwith the magnetisationdata6 which
showedthat in TmFeO

3 the reorientationtakes FIG. I
placeover the temperaturerange94 - 81.5°K.
The variation in intensity of the 011 and 101 peaks The 011 and 101 reflections of
during the reorientationprocessis shownin TmFeO3 at severaltemperatures
Fig. 1. Below 81. 5°Kthe ferromagneticmo- in the transition region. The 011
ment along [looT is about 0. 05 ~iB per iron ion. reflection is purely magnetic.
The neutrondatado not provide sufficient infor- The nuclearcontributionto the
mation to determinewhether the reorientation intensitiesof 101 doesnot exceed
takesplace smoothlyor the high and low tern- 0. 5 per centof the total.
peraturestructuresco-existwithin the transi-
tion region.

orderingin TmFeO3 may notbe surprising. The
The powderdiffraction pattersrecorded differencebetweentheseresults and the magneti-

at 1. 6 and4. 5°Kwere essentiallythe sameas sation data, which suggestedsomeordering of
that obtainedat 78. 4°K. At all temperatures the thulium moments,may be dueto the fact that
the angularvariation of the strongbackground our measurementswereperformedwithout the
wascharacteristicof paramagneticscattering, applicationof an externalmagneticfield.
dueto the unalignedthulium moments. The
absenceof any additional magneticpeaksor
significant changesin the intensities of existing Acknowledgment- We are indebtedto E. M.
peaksalso show that the thulium ions do not be- Gyorgy for suggestionsand closeinterest in this
come magneticallyordereddown to 1. 6°K. A work. We are also grateful to E. I. Blount and
study of the temperatureat which ordering of D.E. Cox for helpful discussionsandE.M. Kelly
the rare-earthion first occurs in otherrare- for assistancein the preparationof the
earth-iron orthoferrites (Tb 8. 4°K,2 Ho 6. 5°K’, specimens.
andEr 4. 3°K’) shows a rapid decreasewith in-
creasingatomic numbersothat the absenceof
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Mar~THaBcrpyxT~’j~aopTcpoMO1~q~cxoro nepoEcHMTa

TRFeO3 O~jai~cci~e~oBaHaMC~~ 106°HM KO~H~THO~TeMnepa—

Ty~O~icroccOcM HeiTpo~orpa~~4ec~x~ ~ia fly.~poBo~

MaTep~1a.fle. L~ie94°~xeJie3}We MoMeHT~-~ynC.p~C~eHHh’B G-

1HnoPc~aHT~eppcMa::~rio~:pacno~o~e~~~ x

~ICC1 C i-~eOo.rbuw~’HaK~oHoMycTaHaP~iPaJdn~MwcsiaO~~e~po—

M~rH~TH~xo~c~e~rno [~~C~I]. ?ecp~eHTai.~~flpCHCXO~~1T

~e~y ~ ~i EI.~°h, H~ew~To3o;~aHTII~e~poMarHF~TH~

Ho~roHeHT~OT no [CCI1. Ync c~e:-~eTy.flI~eB~xHOMflOIi—

CP.TCB ~0 HatJ.K.~aeTc~rnJOTb .~cI.�° ~.


