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THE MAGNETIC STRUCTURE OF THULIUM ORTHOFERRITE, TmFeO,*
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The magnetic structure of the orthorhombic perovskite
TmFeO, has been studied between 1. 6°K and room tem-
perature by neutron diffraction measurements on pow-
dered material. Above 94°K the iron moments are
ordered in a G-type antiferromagnetic arrangement
parallel to [100] with a slight cant producing a weak
ferromagnetic component along [001]). Reorientation
occurs between 94° and 81, 5°K, below which the anti-
ferromagnetic component is along [001]). No ordering

Printed in Great Britain

of the thulium moments is observed down to 1, 6°K.

THULIUM ORTHOFERRITE is a member of the
series of rare-earth-iron perovskites, other ex-

amples of which have already been investigated.* ®

With the conventional labelling the unit cell di-
mensions are® a =5.2514, b=5.576% and

c =17.584} and the space group is Pbnm. The

a and b axes correspond to (001) face-diagonals
of the cubic unit cell of the ideal perovskite struc-
ture while the c~axis is double that of the cubic
cell. A refinement of the positional parameters
of the thulium and oxygen ions has not yet been
completed but a comparison of the approximate
intensities of the X-ray powder diffraction lines
of TmFeQ, and ThFeQ, ® shows no reason for
expecting significant differences from the para-
meters found for TbFeO,.% The co-ordination
polyhedron of oxygen ions around an iron ion is
an almost regular octahedron while that around

a thulium ion is a slightly distorted square prism.

*Work performed in part under the auspices of
the U, 8. Atomic Energy Commission.

*On leave of absence from St. John's College,
Cambridge, England.
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The neutron diffraction pattern from a
cylindrical sample of powdered TmFeQ,, 9mm
diameter and 35 mm long, was recorded at the
Brookhaven High Flux Beam Reactor at tempera-
tures of 1.6, 4.5, 78.4, 170, and 295°K. At the
two lowest temperatures the range of measure-
ments was 0. 025 (sin §)/) s 0.29 A~ while for
the higher temperatures it was extended to
(sin£)/% = 0.41 1=, In addition the 011 and 101
peaks were measured at 83.4, 88.4 and 93.4°K,
The wavelength of the neutron beam used was
1,034z,

An inspection of the diffraction data
showed that all the powder lines could be indexed
on the assumption that the dimensions of the
crystallographic and magnetic unit cells were
identical. Several magnetic peaks occurred at
positions where the nuclear structure factors
were either systematically zero because of the
symmetry or else were very small. The indices
of these peaks were all of the form h + k odd,
£ odd. The most prominent were 011 and 101
for which (sin®)/% & 0.1147%,

Following the system of notation used
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by Bertaut* © for describing the magnetic struc-
tures of orthorhombic perovskites our results
may be interpreted as follows. Since, at all the
temperatures used, the magnetic reflections had
indices of the form h + k odd, £ odd the moments
on the iron ions must always be ordered in a G-
type arrangement, in which the moments of the
six nearest neighbours of any given iron ion are
aligned antiparallel to the moment of that ion.
An inspection of the intensities of the magnetic
pedks shows that above 94°K the antiferromag-
netic moments lie close to [100]. This corres-
ponds to the T, representation of Bertaut,® in
which a ferromagnetic moment parallel to [001]
is permitted. A weak ferromagnetic moment,
about 0.1 up per iron ion, in this direction has
been reported.© Symmetry arguments show that
there should be no component of magnetic mo-
ment along [0107. On cooling, the antiferro-
magnetic moment direction changes from {100
to T001]. This reorientation is common in this
class of material.” ®* The present results are
in agreement with the magnetisation data® which
showed that in TmFeQ, the reorientation takes
place over the temperature range 94 - 81, 5°K.
The variation in intensity of the 011 and 101 peaks
during the reorientation process is shown in

Fig. 1. Below 81.5°K the ferromagnetic mo-
ment along 1007 is about 0. 05 ug per iron ion. ©
The neutron data do not provide sufficient infor-
mation to determine whether the reorientation
takes place smoothly or the high and low tem-
perature structures co-exist within the transi-
tion region.

The powder diffraction patters recorded
at 1,6 and 4.5°K were essentially the same as
that obtained at 78.4°K. At all temperatures
the angular variation of the strong background
was characteristic of paramagnetic scattering,
due to the unaligned thulium moments, The
absence of any additional magnetic peaks or
significant changes in the intensities of existing
peaks also show that the thulium ions do not be-
come magnetically ordered down to 1,6°K. A
study of the temperature at which ordering of
the rare-earth ion first occurs in other rare-
earth-iron orthoferrites (Tb 8. 4°K,® Ho 6.5°K*,
and Er 4. 3°K") shows a rapid decrease with in-
creasing atomic number so that the absence of
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FIG. 1
The 011 and 101 reflections of
TmFeO, at several temperatures
in the transition region. The 011
reflection is purely magnetic,
The nuclear contribution to the
intensities of 101 does not exceed
0.5 per cent of the total.

ordering in Tm¥e(Q, may not be surprising. The
difference between these results and the magneti-
sation data, which suggested some ordering of
the thulium moments, may be due to the fact that
our measurements were performed without the
application of an external magnetic field.
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MarsvTHAA CTDYKTy @ OPTODPOMOCVUECKOTO NMEPOBCKUTE
TwFe0y OLrZ UCCnenOBaHa Mexny I.6°K u wowmaTHoM TeMnepa-
TypcH crnoccCoM HeZTDOHCTDDadUYECKAX U3MEpEerM) Ha NyapoBOM
mMaTepuane, Iiwe 94°I{ MENE3HHE MOMEETH YNCPAICUEEHH B G-
TUNCECM AET#HEDICMEDPEXTHON PACHONOMEHMM NApannelHHM K
(ICCY ¢ HeGorpmuy E&KNCTHOM YCTaKaEIMBAaWLUM ChaOHT deppo-
M2PEUTHEY HOWGCHSRT no [CCI), PecpuekranrA npcUCXOIUT
vexny OPH u €I1.5°H , Hizse koTODOH aBTuYesDOMEDPHEUTHES
konnoHeHT #ieT no [CCI1. YncopAijcuexsve TynueBEX KOMIOOMH-
CHTCE Ee HECIXIZeTcs BLNOTE 10 L. H.



