
CRYS.TAL AND MAGNETIC STRUCTURE OF Fe5_�Ge3 SYSTEM

Bo Gajic9 and A .. S.zytul:a.8 

•Faculty of Sciences of the University of Belgrade, Y'ilgoslavia,
8Institute of Phys-ics, Jagiellonian University, Cracow, Poland

The. crystal and magnetic:. properties of the intermetallic 
system Fe5_�ae3 /for x-O, 1 ,  21 2o51 3 an d  4/ are investi­
gated with X-ray an d  neutron diffraction and magnetometric 
methods. The compounds with O(x'2.5 have BS2 type of crystal
structure, whereas: Fe�Ge3 is a two phase systeur, and 
FeMn4ae3 shows D88 type struc:ture . In. both BB2 and. D88 struc­
ture the 3d metal atoms occupy two non-equivalent sitea. The 
Mn atoms preferentially occupy the 2/a/ or 6/g/ positions.
Al1 investigated compounds /excevt for x,;,2o5/ are ferromas­
netic, an d  have collinear magnetic struc.ture. The c.ompouJJd 
with x-2.5 have ferrima,tnetic st?Ucture with canted spin 
arrangement. 

1 o Introduction 

The influence of substitution of Mn-atoms for Fe-atoms in 
polycryatalline Fe5_�ae3 aompounds on their crystal and magnetic
properties was investigatedo 

The germanides of iron and manganese have related: hexagonal 
crysta.1. structures of B82 ty_pe for Fe5Ge3 [ 1]  and D88 typt for Mn5Ge3
[2] o In these structures, there are. two types. of sites for the metal
atoms with alternate layers of just-metal atoms or metal-plus- ger­
manium atoms. In the BB2 structure the space group is 'P63/mmc and the
atoms occupy following positionss Fe atoms - 2/a/ and 2/d/1 and Ge
atoms - 2/c/. The structure D88 belongs to space group E,Jmcm with
atoms 1n following sites a Mn in 4/d/ and 6/g/1 Ge in 6/g/. Both phases
are· f81"1!.omagnetic [3,4] .  Neutron diffraction. measurements yield fol­
lowing models of the magnetic structure of this. compounds, in the case 
of - Fe5Ge3 - collinear, magnetic moments of Fe1 atoms and FeIE atoms
mutually parallel and lie in the basal plane• 
- Mn5ae3 - collinear, the magnetic moments of the two sublattJ.oes
aligned parallel to the c axis. The values of magnetic moments, are
given 1n Table 2. 
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The parpose of tbis_J?&P8r 1s to present the results of investi­
gations of the crystal structure and. magneta properties of the 1.n:ter­
metall!ic compounds·. Fe5..J"nx.Ge3 for x.o., 1.  2• ·2.5• 3 and 4 as obtained
by means of X-ray and. neutron diffraction. and magnetometric methods. 

2e Experimental. and Results 

The samples Fe5..J"nx.Ge3 were .prepared by me1ting iron /4N/,
manganese /4N/ and germanium /SN purity/ in an i?l4uction furnace. The 
samples· were then annealed in a quartz: tube. at 950 0c; for. 10 0: h and 
cooled to roo� temperature� The single-phase nature of the compounds 
was checked by X-ray analysis using Fe� radiation. The samples with 
x.rao, 1 1 2 and 2.5 have the B82 structure, with x-4 - Da8 structure. 
Fe�3ae3 /-x,a3/ appeared as a two-phase system• showing peaks corre­
sponding to both BS

2 
and DS8 structures in X-ray· and neutron diffl"acticm

patterns /see -Figo 1/. Lattice con-
stants were determined. with a 
di:ff'l!actmneter DRON-1 . A least 
squares refinement using measured 
2& value& yielded the lattice con­
stants· shown in Table 1 .  

Magnetometrio measurements 
were carried out 1n the temperature 
range of 1 0 0 to 650 K, using a 
Sucksmith balance. The temperature 
dependence of the magnetization and 
reciproca1 susceptipility are shown 
1n Figo 2. The inset presents the 
magnetization curves at 100 K. For 
all. samples the spontaneous magnet­
ization is observed at low tempera-
tures. The magnetic. susceptibility 
of all. samples at high temperatures 
obeys the Curie-Weiss law. The Curie. 
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temperature values as we11 as the Fig.1 . Neutron diffraction »atterns 
magnetic moments 1n the saturation of Fe�Ge3, Fe�3Ge3 and FeMn4ae3
and paramagnetic states were estab- at the room temperature:e 
lished .from: these measurements. The results ar.e: given 1n Table 1�  In 
case: of compounds with B82 crystal structure, both Curie temperature- Tc
and magnetic: moment Ps decrease, with increasing Mn concentration. 
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Fig., 2. Temperature dependimce of 
the magnetization aod reciprocal 
susceptibility for the Fe

5
�ae

3
•

Inset:. presents magnetization curves 
at 80 K. 
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Fig. 3i Neutron di:ttraction pattell'IIS 
of Fel}'JnGe,• Fe3�Ge3 and FeMni,.Ge

3 
at tempemture of 80 K /e-&ao. x­
H-0.6 T/. 

Neutron diffraction patterns were. 
obtained on a dif#'actometer at 
the RA reactol!' in Boria Kidril 

Fig. 4. Neutron dif�c.tion patterns Institute at Yin&l using neutrons 
of Fe2�rf1n2�5ae3 taken at 71K and wavelengths 1 .048. 1 .176 and 1 .21k  
293 K• in the temperature range 77-293 K. 
In order. to sepal'ate the nuclear. and magnetic; contributicms ta. tha total 
scattering• a field of o.6 T: · was, applied: para1Je1 to· the scattering 
vector. Fmgments / fl!om 2&::9° to 47° / of the pat.terns- obta.1Ded ill this
way for the samples with x.1. 2 and 4 are shown 1n Fig. 3. TIie peaJr:a 
marked Al originate from the sample holder and cryostat walls• Reutum 
diffraction patterns for the sample with »-2.5 at TI aDl 293 It an abmm 
in Fig. 4. All the reflections observed· in the pattelmS far Pi• 2 am 
2.5 could ba- indexect on the bas& of the :882 structure unit ceU. am
tor x.4 - D8a structure. Since ·the nuclear scat'ttam.ng �bs o� Rn am
Fe _atoms are very;. dif.terent. 'l>Jm•-0.39 am 17e-.o.9sx10-1 m [eJ. the
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rable 1 o Structural and magnetic, parameters in Fe5_x�Ge3. 
Type O;f Lattice constants 

X crystal a/R/ ·ctR/ Tc/K/ 9/K/ P.slP-,J JlettlP.p,Istructure 

0 B82 4.020/2/ 5·.024/2/ 485 480 1 o57 3.5 
1 . . ,B82 4.022/2/ 5.063/2/ 405 395 1 .55 3.5
2 B82 4 .064/2/ 50168/3/ 314 305 1 .33 3.5

2 .5 B82 4 .088/2/ . 50204/2/ 227 225 1 .04 3.3
4 D88 7�13�/2/ . 5'!013/2/ 320 325 2.10 3.3

T�ble 2 .  The distributions of atoms and values of magnetic. 
' moment in F,

5
.;.AGe
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x The distributions of atoms 
2/a/ · in ·sites 2/d/

0 
1 

2 Fe 1.34 Fe 
1 .38Fe+o.62Mn -1 .-30Fe+0.04Mn 

2 o.84Fe+1.16Mn 1 o 16Fe+oo18Mn
2o5 0.33Fe+1 .6?Mn 1 o34Fe 

4/d/ 6/g/ 
4 Oo78Fe+1 o22Mn 0.22Fe+2o78Mn 
5 2 Mn 3 Mn

Values of magJ1etic moments 
. .  2/a/ /uB/ 2/d/

1.4,±001  
. .  --- -

1 .25f0.1.5 
1 . 15,:t0. 15  
1 . 18,:t0.15 

4/d/ 
1 o55z0.15  
1 o7,±0o1 

1 08,!0o 1 - . [5) 
1 o75z.Oo15 
1 o6()_!0�15• 
2o17j0o �5 

6/g/ 
2o45,!0o15 
2 o 7,!0o 1 [.5] 

nuclear data indicate very: readily the degree of preferred ordering on 
each of the crystallographic siteso Refinement of the neutron .diffrac­
tion data were carried out using the profile technique developed by_ 
Rietveld (7] . The refined parameters and corresponding minimum values 
of R-factors are given in Table 2 .  For the structures of B82 type the 
Mn atoms preferential1y occupy the 2/a/ position. For FeMn4Ge3 the
iron substitution takes place initial.J¥ in the 4/d/ sites, of the D88
structure0 The positional parameters are -�m0o22/2/ and X

ae
=Oe60/3/ o 

In. the second step. the magnetic structures were determinedo In 
the neutron diagrams of these compounds all peaks . can be indexed on 
the basis of the crystallographic unit cells. The magnetic structures 
were _determined from the field dependent contributions to the ,neutron 
reflections obtained at 80 KD In t�e case. of compounds with x=1 and 2 
the relative variation of neutron diffraction intensities for (10�) , 
(1 0�1) and (00�2) reflections produced by applied magnetic. field is 
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consistent with placing ferromagnetic components in the basal planeo 
The absence of (00o1) reflection indicates ·that the antifeJ.·.romagnetic 
components do not appearedo The diffraction pattern of sample with 
X=2o5 at 77 K has shown. two extra reflections which could be indexed 
as (00o1 )  and {1 0o1) corresponding to tbe same che�ical cello Similar 
diffraction pattern Suzuoka et a1 • . [a]. obs�r-v�d for a single crystal 
of Fe00gMn0•9Ge0 Wi�h these. eesults he showed, that Fe0•9Mn0•9Ge has
a ferr!magnetic structure with canted spin arrangement. The results 
of our calculations given similar model of magnetic structure. The 
magnetic structure ·ot· FeMn4Ge3 is similar to that of Mn5Ge3o S ince
Fe and Mn atoms OCCUPY. two nonequivalent positions with slight disor­
der, one can calcula�e _ ay�rage magnetic. moments. T�ose, corresponding 
to the minima of R-factor, are given in Table 2 .  

3 o  Conciusion 

In this paper we have presented the first results of neutron 
diffraction measurements for the Fe5_xf1nxGe3 compounds. For all com­
positions /except x=2o5/ .the collinear magnetic structure is observed. 
For the compounds with Ba2 type of crystal structure the Curie tem­
perature decreases with increasing concentration of Mn. This result 
suggests that the .magnetic interaction between Mn and surrounding of 
Fe a.toms. has the negative signo· 
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