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Three phasesIn the iron-germaniumsystemhavebeenInvestigatedby neutron
diffraction for determiningtheir atomic and magneticstructures.Of these,FeGe2
is found to be antiferromagneticwith aNéel temperatureof 3150K andFe1 67Ge
is ferromagnetichavinga Curie temperatureof 5 lOOK. Thereis evidenceof a
distortion of the Ideal “filled” NIAs structurein the caseof the latter. FeGeis
paramagneticdown to 140

0K..

STUDY of binary alloysof the iron seriesfran- of FeGe, compactediron powderand germanium
sition metalswith elementsof WB andVB in the correctproportionsweretakenin an
groupsis interestingbecauseof their pronounced aluminacrucible andmaintainedat 13300K for
covalentcharacterwhichallows interpretation 30 mm In an inductionfurnace. The specimen
In termsof Pauling’s conceptof hybridization wasthencooledin the furnaceafterannealing
of the s-dands-p orbltals and their mutual at 9700Kfor 240 hr.
overlap.

FeGe
2has a tetragonal, 14/mm structure.

The presentstudywhich is one of aseries The X-ray film pve lattice spacingsof a = 5.90
of neutrondiffraction investigationsbeingcar- A andc = 4.94A in goodagreementwith the
nedout at Trombayusinga diffraction spectro- publishedvalues. The atom positionsaremdi-
meterat the CanadaIndiaReactorconcerns catedin Fig. 1. The x-parameterfor the ger-
threephasesin the iron-germaniumsystem, maniumpositionswasdeterminedto be 1/6 by
namelyFeGe2, FeGeandFe1 67Ge. The avail- notingthe absenceof (110) type of reflectionsIn
able magnetizationdataIndicatedthat FeGe2 1 the X-ray photograph.The room temperature
is antiferromagneticwith aNéel temperature neutrondiffraction patternshowednormal lattice
of 190

0K while Fei. 67Ge 2 Is ferromagneticwith reflectionsandIntensitiesagreedto wIthin 5
a Curie temperatureof 4850K. An antiferrornag- per centwith the calculatedIntensities.Thedii-
netic structurefor FeGewasproposedby Oho- fraction patternat 1450K, shownin FIg. 2 (along
yamaetal.3on the basis of magnetizationdata. with a patterntakenat room temperature)show-

ed extrareflectionscorrespondingto the Indices
The alloyswerepreparedusingspectro- (100), (210) and (101) which are magneticand

graphicallypure iron andgermanium. In the arisefrom anantiferrornagneticstructureas
caseof FeGe

2, after outgasslngat 10700K, the suggestedin apreliminaryreport.
4Tempera-

iron spongewasmixed with the right proportion ture dependenceof the (100) Intensity Indicated
of germaniumandheatedin a magnesiacrucible a Néel temperatureof 3150K. SaturationInten-
to 16700K. The cruciblewasheld at this tern- sities of (100) and(210) show that the magnetic
peraturefor 30 mm andthen the temperature momentper iron atomIs 1.2 ±0.1~B and that
waslowered slowly. The specimenwasfurnace the momentslie within the basalplanes. The
cooledbelow 1070°K.Fe

1~67Gewasprepared magneticcell hasthe samea asthe chemical
by melting the requiredproportionsof iron and cell but c half as long. The momentswithin a
germaniumusingan aluminacrucible in an in- (200) planeareparallel but alternate(200) planes
duction furnace. The melt wasthoroughlyagi- are arrangedantiferromagnetically.The rela-
tatedto ensurehomogeneityandthencooledIn tive orientationof momentsIs indicatedin Fig.
the furnace. Somefree iron was detectedin the 1. This leadsto afirst neighborferromagnetic
X-ray powderphotographof Fe1 67Gewhich Interactionwhile the secondandthird neighbors
was confirmedby chemicalanalysis.In the case areantiferromagnetic.This Is plausible because
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+ the first neighborsareatadistanceof 2.47A
e F apart which Is the sameas In metallic iron and

a direct ferromagneticexchangebetweenthem

.0.
lsdomii*nt. Inthecaseofsecondaxstthlrd
neighbors,their distancesaretoo largefor a

~2.471t significantdirect overlap but thereIs Indirect
exchangevia the hybridizeds-p orbitalsof the

— d2~4.171 germ~.n1umatomswhich lie atadistanceof
2. 52A. The bond anglesfor the Interactionare

/ d34.$48A respectively113°and 148°which suggeststrong
d1 $ _____ superexchangeinteraction.The magneticmo-

ment of 1.2 ~ per iron atomarisesfrom the
/ hybridizationof the 3d and4sorbitals of the

~ + ..-2 ironatomsawingto the tetragonalcrystalline
field surroundingthem.TheseresultsareIn
agreementwith thoseof KrénandSzabd

5.
FIG.l

Fe
1 67<~l*s been reported to belongto

The unit cell of FeGe2 showingInter- the hexagonal, P63/minespacegroup.2,6 But
atomic distancesandtherelativespin the systematicabsenceof intensitieslIke (112),
orientations.The coordinatesof (004) and(114) In the neutrondlffraction pattern
equivalentpositionsare (0, 0, 0; clearly ruledout the Ideal ~~fU1&*tNiAs struc-
~, ~, ~h~)+.Thepositionsof atoms ture. This structurealsopredicts(102) and (110)
are: Fe at 4a o o o o o 1~ Intensitiesto be almoBtequal. But the shapeof

72 the observedpeakIn the neutrondiffraction
Ge at Bh x, + x, Y4 patternIndicatedasinglereflectionwhich was

~½- x~~f4 confirmedby X-ray examiz~t1onusingCo-KL
+x, X, ~‘4 radiation. The observedintensitiessuggestdie-
- x, x, Y4 tortion in the x aswell as the zparameters
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FIG. 2

The neutrondiffraction pattern of FeGe
2at 145°and 3000K. (X = 1.27A)
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FIG. 3

The neutron diffraction pattern of FeGeat 3000K. (X = 1.27A)

which are beingdetermined.The present analy- The neutrondiffraction patterns of FeGe
sis indicates that the possiblespacegroupsare showedno magnetic Braggreflections between
P63 mc, PU2 c, P63/mmc. It may be mentioned 140°and4100K. Figure3 showsapatterntaken
here that neutron diffraction intensities In the at room temperature which correspondsin de-
caseof Mn1 74Sn showedthatit doeshave the tail to thosetaken at 140

0Kexceptfor the tem-
ideal “flhled’ NiAs structure.7The absenceof perature factor. Further, the paramagnetic
extrareflectionsin Fe

1~67Gebelow the Curie scatteringdoesnot indicatea largemagnetic
temperatureIndicatedamagneticcell of the moment of 3.1i~ per iron atom as suggestedby
samesizeasthe chemicalcell. The tempera- Ohoyamaet al. ~‘ The moment in rather of the
dependenceof (100) reflection which is alnost order of C5TB per iron atom. The spacegroup
entirely magneticgaveaCurie temperatureof P6/mm suggestedby the sameauthors predicts
510°K.The magneticorigin of (100) reflection the intensityof (112) to be about80 per cent of
wasconfirmedby the applicationof amagnetic that of (110) in the powderdiffraction patternas
field along the (100) directIon which appearsto againstthe observedratio of 40 per cent. This
be an easydirection of magnetization,in agree- suggestsadistortion In the z coordinates.The
ment with the unpublishedresultsof Forsyth possiblespacegroup is P6/mm. FurtherInves-
andBrown. The intensity of (100) reflection tigations at low temperaturesare beingcarried
gavemagneticmomentsof about 2 and1 ~ for out.
the two iron atoms. In order to assignthese
momentsspecifically to the two iron sites more We thankDr. P.K. Iyengarfor helpful
magneticintensities have to be determined, discussions.
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Trois phasesdanele fer-germaniumsystèmeont dW erQmlnée par neutrondiffrac-
tion pour ddt~rminerleestructuresatomlqueet magn~t1que.Ceux-ciFeGe2eat
anti-ferromagn~t1queet a une Ndel temperaturede 3150K, Fe1,67Geestferro-
magn4tlqueet a une Curie temperaturede 5100K. fl y a evidenced’une distortion
de la hexaganestructureideal dane Fe1 67Ge. FeGesetpar~n~~gndtIquejus qu’à
140

0K.


