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MAGNETIC STRUCTUREOF Fe!2 BY NEUTRON DIFFRACTION EXPERIMENTS
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Phasetransitionsstudyof Fe!2 in highmagneticfield parallelto the
anisotropyaxishasprovedthatFe!2 hasanantiferromagneticstructure
(belowTN = 9.3 K) morecomplexthanthe two sublatticesstructure
characteristicof FeC12 andFeBr2.

Weperformedneutrondiffraction experiments,at room temperature
andat 4.2 K usinga powdersample.Theresultsshowthat Fe!2 hasan
antiferromagneticstructuresimilar to the structureproposedby Keohier
for MnBr2, but with spinsorientedalongthe crystalanisotropyaxis
perpendicularto the Fe~layers.Thisspinorientationis in accordance
with the resultsof paralleland perpendicularsusceptibilitiesstudy.

Fe!2 CRYSTALLIZES in thetrigonal spacegroup Therefore,a studyby neutrondiffraction has
F~m1. Theunit cell containsonemoleculewith ions beenundertakento fmd theorderedmagneticstructure
locatedin the following positions: of Fe12 belowNed temperature.

I Fe~at Ia: 000 The powdersample,preparedby crushingseveral

21 at2d:~z.~j~withz~~ singlecrystalsinadryandinertatmosphere,was
enclosedin a cylindrical sealedquartztube.

Thevaluesofa andc parametersare:

a = 4.03A and c = 6.75 A. Figure 1 gives apart of neutrondiffraction
patternsobtainedat room temperatureandat 4.2 K.

A studyof theprincipal susceptibilities(parallel Thediffusion peakobservedin thebackground
andperpendicularto c axis)on a Fe!2 single crystal towards28 = 16°comesfrom the quartzsample-
showsthat,below TN = 9.3K, Fe12 is antiferro- holder.
magneticwith atomicmagneticmomentsparallel to
thec axis.’

3 Moreover,belowTN, the complex The observedpeaksat 293 K are only dueto
behavior,in a magneticfield parallelto thec axis nuclearBraggreflections.Table 1 allows to compare
of the magnetization,2compulsorilyexcludesfor theobservedandcalculatedintensitieswith nuclear
Fe!

2 thetwo-sublatticesstructurecharacteristicof scatteringamplitudes:
4

FeCl
2 andFeBr2. In fact, thecalculus,in molecular -12

field approximation,showsthat themain intralayers = 0.95 10 cm
couplingsare of antiferromagnetictype. b1 = 0.53 l0_12 cm

andz iodine parameterequalto 1/4
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FIG. I. Neutrondiffraction patternsof Fe!2.(a) At
room temperature:nuclearBraggpeaksareindexedin
the trigonal crystal cell; (b) At 4.2K: magnetic
Braggpeaksindexedin theorthorhombicmagnetic

‘-I--
cell (SeeFig. 2). b~,1

* ____________

Table)

hkl 1N0b5 ‘N cal FIG. 2. Magneticorthorhombiccell of Fe12.Black

andwhite circlesrepresentmagneticionswith001 131 128
momentsin oppositedirection. The cristallographic100 31 21 cell is representedby dashedlines.

002 0 <1
101 316 317
102 189 246 nuclearBraggreflectionsmay differ from the first ones
003 7 14 upto2o%.
110 229 159
111 77 66 At 4.2 K, magneticpeaksappearwhile nuclear
103 92 121 peaks(at least the isolatedones)havethe same

intensity asat roomtemperature.The magnetic
reflectionswhich appear,reveal that themagnetic

Theaccordancebetweenthe observedand Fe~configurationis similar toMn~configuration
calculatedintensitiesis good enough,thoughnot found by Koehler

5 in MnBr
2. Figure 2, showsthis

excellent.Every attemptto improve this accordance configuration,Iodineionsare not represented,black
by a fit of z parameterhasprovedfruitless.It was and white circlescorrespondtomagneticionswith
muchmoreexpectableto attributetheratherbad momentsin oppositedirections.The magneticcell
qualityof the accordanceto preferredorientations is orthorhombicand 16 timeslargerthan crystallo-
in the sample,dueto theway it was prepared.The graphiccell (representedby dashedlineson the
singlecrystalsof Fe!2, in fact, are lamellar,and the figure).
powderspeckscomingfrom their crushingdo not
takehaphazardorientationswithing thesample On the otherhand,themagneticdiffraction
holder. A secondpatterncarriedout afterwardsat resultsprove thatspinsare orientedalongthe aniso-
room temperaturewith thesamesamplehas tropy axis in accordancewith the studyof magnetic
confirmedthis opim . the intensitiesof thesenew properties(susceptibilities,magnetizationbehavior...).

Table 2 comparemagneticintensitiesobserved(we
jF~* i = in barn/cell.Theobservedintensities use the samenormalizationcoefficientas for the

sin 9 sin 29 observednuclearintensitiesin Table1) and calculated
havebeennormalizedto thecalculatedintensities, with an atomicmagneticmomentvalueat 4.2 K equal



Vol. 14,No. 2 MAGNETIC STRUCTUREOF Fe!2 189

Table to 3.7PB (thisvaluenormalizescalculatedintensities

to the observedones).hkl ‘M obs. ‘M calc.

101 132 180 As in the caseof nucleardiffraction andfor the
103 26 24 samereasonsthe accordancebetweenobservedand
105 0 4 calculatedmagneticintensitiesis not excellent,but is
301 40 25 good enoughto show that theproposedmagnetic
303 13 15 structureis fundamentallycorrect.

Ill 44 32

I :~ <1 jq
2F~f2 e27 2 2~‘‘M = . . —j p (~:magneticmoment117 2 6 sinOsin2O \2mcJ

503 of iron expressedin MB) in barn/nuclearcell. FM is
315 2 1 14 thestructurefactorof the magneticconfiguration.
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L’étudedes transitionsde phasede Fe!
2 en champmagnëtiqueparalléle a

l’axe d’anisotropiea montréqueFe!2 a unestructureantiferromagnetique
(en dessousde TN = 9,3K) pluscomplexequela structurea deuxsous-
réseauxcaractéristiquede FeCI2 et FeBr2.

Nousavonseffectuédesexperiencesde diffraction de neutrons,a Ia
temperature ambianteet a4,2 K, surun échantfflonenpoudre.Les
résultatsmontrentque Fe12 a unestructureantiferromagnétiquesemblable
acelle proposéeparKoehlerpour MnBr2, maisavecles spinsorientésle
longde l’axe d’anisotropiecristallineperpendiculaireaux plansFe’~.Cette
orientationdesspinsest en accordavec les résultatsde l’étude des
susceptibiitésparalléleet perpendiculaire.


