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NEUTRON DIFFRACTION STUDY OF Mn3 Ga
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The crystaland magneticstructureshavebeeninvestigatedby neutron
diffraction in Mn285Ga1~~ . The hightemperaturequenchedDO,9
phasehas a triangularantiferromagneticstructurewith magnetic
moments/.LMfl = 2.4 ±O.

2,aBlying in the basalplane. A slight dis-
tortion of this configurationresults in a weak ferromagnetism.The
Néel temperatureis 470±10°K.

On annealingat 750°Ka new tetragonalDO
22 structureis observed.

This phaseis ferrimagneticwith magneticmomentsp~,= 2.8±0.3and
p~fl = l.

6±O.2~Bpointing in the direction of the tetragonalaxis c.
T

0 is higher than the temperatureof the tetragonal—hexagonaltrans-
formation which starts at 770°K.

VERY FEW datahavebeenreportedon the mag- into water. The compositionwas checkedby
netic propertiesof the Mn—Ga system.In the phase chemicalanalysis.X-ray diffraction showeda
diagramestablishedfrom X-ray diffraction measure- single DO,9 type hexagonalphasewith
mentsby Meissneret al.’ severalintermetallic a = 5.363A, C = 4.327A and c/a = 0.807. The mag-
phasescan be found but their magneticproperties netic measurementsindicateda weak ferromagnetism
arenot sufficiently specified.It seemedof interest with T~= 470±10°Kandspontaneousmagnetization
to start a neutrondiffraction study of the system M5 = O.OlS/LB /Mn atomat 300°K.
for determiningthe magneticstructures.Owing to
the negativescatteringamplitude of Mn it was As seenin Table1 , the neutrondiffraction
expectedto get also somenew information on the intensitiesmeasuredat 490°Kare in good agree-
possibleatomic ordering. As part of this program, mentwith thosecalculatedfor the DO,9 type
the crystalandmagneticstructuresof the Mn3Ga crystal structurewith the ideal valueof the atomic
phasewere investigated, position parameterx = 5/6 andassuminga random

distribution of theexcessGa atomsat the Mn
The high temperaturephaseof Mn3Ga can be sites. The neutrondiffraction patternstakenat

quenchedfrom 800°Casa single phaseonly at 6°,77°and300°Khaveno extra reflectionsbut
Ga-richcompositions.It is of orderedhexagonal show magneticcontributionsto the nuclearsuper-
DO15 type accordingto TsuboyaandSugihara2 reflections,thus suggestan antiferromagnetic
but it is describedasa hexagonalclose-packed phasehaving the sameunit cell as the crystal-
structurein the phasediagrammentionedabove.’ lographicstructure.The observedneutroninten-
From magneticsusceptibilitymeasurementsfern- sities can be describedby the triangularantiferro-
magnetismwith T0 = 470°Kwasassumed.2 magneticmodel of Fig. 1. with magneticmoments

A sampleof Mn255Ga,~15compositionwas lying in the hexagonalbasalplaneat anangleof
preparedby melting the metals of 99.9percent 120°from oneanother.The angle~ betweenthe
purity. The ingot waspowderedthen annealedat magneticmomenton site 1 and the axis x was
800°Cin an evacuatedquartztube andquenched found to be 45°with ~ = 2.4±O.
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Table 1. Neutron intensitiesmeasuredat 300°and 490°Kand calculatedfor the triangular antiferromagnetic
structure in hexagonalDO,9 type Mn2,85Ga,,5.The valuesare given in barns.

p
2 F2

hkl ~1a~ted obseived
magnetic nuclear total 300°K 490°K

100 0.56 1.05 1.61 1.55±0.20 1.09±0.10
001 0 0 0 <0.30 <0.30
101 1.94 3.16 5.10 5.26±0.40 3.42±0.30
110 1.43 4.21 5.64 5.95±0.30 4.21±0.20
200 0 0.04 0.04 <0.30 <0.30
111 0 0 0 <0.30 <0.30
002 0 0.16 0.16 <0.30 <0.30
201 0 0.12 0.12 <0.30 <0.30
102 0.37 1.05 1.42 1.20±0.30 0.95±0.10
210 0.14 1.05 1.19 1.19±0.30 1.00±0.10
112 0.75 4.21 4.96 5.20±0.30 4.47±0.30
211 0.36 3.16 3.52 3.67±0.20 2.95±0.30

300°K,the intensitiescalculatedwith these
values are in good agreementwith thosemeasured
at 300°K,asseenin Table 1. For the calculated
valuesthe experimentalform factor of Mn3 was
used.
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FIG. 2. Crystal andmagneticstructureof the
‘I’ tetragonalphaseof Mn2,65Ga~.,5.

FIG. 1. Projection of the DO,9 type unit cell on
the basalplane(00.1). Thetriangularantiferro- On annealingthe sampleat 750°Kfor a week
magneticstructureis illustrated, a structuralchangetakesplace,the hexagonal

DO,9 type transformsinto the tetragonalDO22

The magneticstructureremainsunchangedat 77° type structureshown in Fig. 2. The latter could
and6°K. The temperaturedependenceof the mag- not be obtaineda~a single phase,it is contami-
netic intensitiesyields TN = 460 ±10°Kwhich natedby the residualhexagonalphase.Thevalues
coincideswith the Curie temperatureof the weak of the lattice parameterare a = 3.90,A,

- c = 7.120A andc/a = 1.824. The ferromagnetism
ferromagnetismobtainedfrom the magneticmeasure

of the tetragonalphaseis strongerthan that ofments.
the hexagonalphase.
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The neutronreflectionsof the tetragonalphase phaseobservedabove30at. % Ga concentrations
contain bothnuclearandmagneticcomponents. by Meissneret aL’ and that describedasa
The measuredintensitiescan be explainedby a ferrimagneticCuAu type phaseby Tsuboyaand
DO~type crystal structurewith an atomic long- Sugihara.

4The negativeneutronscatteringampli-
rangeorder parameterS = 0.75, assumingthe tudeof Mn madeit possiblein the presentstudy
ferrimagneticstructureshown in Fig. 2 in which to observethe superreflectionsassociatedwith
the magneticmoments~ at sitesnumbered1 and the DO

22 type superlattice.
4 are largerthan andantiparallelto at the
sites 2, 3, 5 and6. As inferred from the absence In the hexagonalDO,9 type Mn3Ge and Mn3Sn
of magneticcontributionto the reflection (002), alloys Kouvel andKasper

5observeda triangular
the angleof the magneticmomentsto the tetragonal ~ntiferromagnetic configurationsimilar to that
axis c is 0°.The measuredintensitiesin this two- found in the hexagonalphaseof Mn

3Ga. However,
phasealloy do not permit an unambiguousdeter- the magneticmomentslie in a planeperpendicular
minationof themagneticstructure,the above to the basalplanein Mn3Ge andMn3Sn while in
modelwith p.~, = 2.8 ±0.3 and ~i11 = 1.6 ±O.

2p.~ Mn
3Ga they are in the basalplane. The observed

gives,however,a good agreementbetweenthe weak ferromagnetismimplies a slight distortion
observedandcalculatedintensitiesat both6°and in the triangularconfigurationof the magnetic
300°K.The Curie point could not bedetermined moments,The magneticstructuresfor both the
since it lies higher than the temperatureof the hexagonalandtetragonalphases suggesta domi-
tetragonal—hexagonaltransformationwhich starts nantnearestneighbourdirect interactionbetween
at about 770°K. the Mn atoms.
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Les structurescristallines et magnétiquesde Mn
255 Ga ~ ont été

étudiépar la diffraction neutronique.La phaseDO19 trempéede
hautetemperaturemontreune structuretriangulaire antiferrornagnetique
avecdes momentsP~M~= 2.4±O~

2b~-Bdansle plan de base.Une
deformationlegérede cetteconfigurationdonneun faible ferro-
magnétisme.Le point de Ned est 1 470 ±10°K.

Aprls un recuitI 750°Kon a observeune phasequadratiquede
type DO

22. Cettephaseest ferrimagnétiqueavecdes moments
= 2.8±0.3 et ~ = 1.6 ±O.

2/.LBdans la directionde l’axe
quadratiquec. Le point T~est plus élevC que Ia temperaturede la
transformationquadratique—hexagonalequi commence1770°K.


