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Structure and magnetic properties of RFe 4_,Gag4, (R=rare earth)

Yongquan Guo and Naushad Ali®
Department of Physics, Southern lllinois University, Carbondale, lllinois 62901-4401

Mauro R. Sardela, Jr.
Center for Microanalysis of Materials, Materials Research Laboratory, University of lllinois,
104 S. Goodwin Avenue, Urbana, Illinois 61801

The crystal structures and magnetic properties ofRF8a;., , (R=Ce, Pr, Nd, Sm, and Gdlloys

have been investigated by x-ray powder diffraction and magnetic measurement. A ternary
intermetallic compound with an orthorhombic SgbBeg type structure is found in these alloys. The
lattice parameter contraction is observed when the higher atomic number lanthanides are substituted
into the intermetallic. In each unit cell, there are six nonequivalent crystal positions, i.e., 2a, 4e, 4f,
4g, 4h, and 8k, which are occupied by 2R, 4GH Fée,Ga), 4G4, 4Gd", and 8F&, respectively.

The RFg_,Ga; .« alloys have ferromagnetic ordering but the magnetic transitions have been found
in Nd based alloy. The Rge,Gg ., alloys show a soft magnetic behavior but the magnetization
hysteresis loops have been observed in the Nd and Sm alloys at 5 K. The saturated magnetic
moments per molecule tend to increase from Ce to Nd. However, a drastic decrease of magnetic
moment in GdFgGa; alloy is observed and is likely due to the Gd spin alignment being antiparallel

to Fe spin. The saturation magnetic moments of these alloys are calculated and agree with the
experimental values. @002 American Institute of Physic§DOI: 10.1063/1.14475Q7

In recent years, there has been interest in thgMRT  ScFeGa; type structure. There is a small amount of
(R=rare earth; FFe; M=Ge,Sn intermetallic compounds RGa(R=Ce,Pr) andsFe phases in Ce and Pr based alloys,
due to their various crystal structures depending on theind the unknown impurity phase coexists with the main
preparation procedure and R sizeMost of these interme- phase in Nd, Sm, and Gd based alloys as shown in Fig. 1.
tallic compounds exhibit antiferromagnetic behavior butThe lattice parameters ara=8.715(7)—-8.667(3) A, b
recent studies show that the substitution of Ge by Ga=8.724(1)-8.598(9) A, and=5.101(6)—-5.066(3) A. The
in the RMnyGe; compound induces the antiferromagnetic- lattice parameters contraction is observed when the higher
ferromagnetic or antiferromagnetic-ferrimagnetic transifion. atomic number lanthanides are substituted into the interme-
The light rare earth RE&a;, (R=Ce,Pr,...Smintermetallic  tallic. According to the structural refinement results, the
compounds do not exist but the rich Ga additions could staspace group ismmmuwith z=2. There are six nonequivalent
bilize the RFg_,Gas ., , compound with a tetragonal Th\Mpn  crystal positions in one unit cell, i.e., 2@,0,0, 4e: (x,0,0),
type structure in the range of=0.2—1.2' Here we have 4f: (x,1/2,0), 4g: (0y,0), 4h: (Oy,1/2), and &: (1/4,1/
successfully synthesized a ternary intermetallic compound.1/4 which are occupied by 2R, 4Ga4(Fé,Ga), 4G4,
with an orthorhombic Sck6&a, type structure in this sys- 4Gd', and 8F&, respectively. This orthorhombic structure
tem. In this article we will report our study on the crystal could be regarded as a structural order from the Thiype
structure and magnetic properties of the orthorhombic
RFe_,Ga;. x compounds.

The samples of Rie,Ga;  With the nominal compo- ¥ Unknown phase(Fe,Ga,?) :_gizz phase
sition x=0-0.7 were prepared by arc melting in an atmo-
sphere of argon gas. The purity of the starting metal was - v Y v GdFe Ga,
=]

better than 99.9%. In order to ensure the homogeneity of the
samples, the ingots were melted several times. The weight = #\

loss of the samples was less than 1% during arc melting. The € Y X Y SmPes, 5,
crystal structures of these samples were determined by a

Rigaku automatic x-ray diffractometer with @ radiation v v }\ v A NdFe, .Ga,,
and refined by Rietveld’s methddThe magnetization mea-

surements were carried out by a commercial superconducting < . © ) + PrFe Ga,,
guantum interference device magnetometer at different tem-

peratures and applied magnetic fields. . -y H\ + CeFe, Ga,,

The powder x-ray diffractiofXRD) patterns show the
RFe_,Ga;., alloys crystallize in an orthorhombic ' ! ' J ' J ' '

uni

ntensity(ar
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dAuthor to whom correspondence should be addressed; electronic mail:
nali@physics.siu.edu FIG. 1. Powder XRD patterns of REg,Ga; ., , alloys.
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FIG. 2. Refined XRD pattern of NdggGa; ; alloy. 7
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structure. It can be described as the atomic occupation ordetr
ing at 8i and §j sites in tetragonal Thiyln The atomic oc-
cupation order transfer from 8i and 8] sites in tetragonalFIG. 3. The temperature dependence of magnetization of REey. al-
structure to(4e,4) and (4g,4h sites in the orthorhombic l0ys with an applied field of 10 kG.
structure, respectively. The refined XRD pattern of
NdFe, sGa; ;7 is taken as a typical example, and the experi-
mental and calculated XRD patterns have been compared soft magnetic behavior but the magnetization hysteresis
Fig. 2, they are marked with+” points and solid line, re- loops have been observed in Nd and Sm alloys at 5 K. The
spectively. The lowest trace indicates the difference betweeimset plot in Fig. 4 shows there are two field dependent mag-
these two patterns, and the peak positions of the orthorhometic transitions at 0.09 and 0.83 T in Nd based alloy. The
bic structure is denoted by the middle vertical lines. Table Isaturation magnetization valdé per molecule are obtained
exhibits the refined structural parameters which include thérom the magnetic isotherms by extrapolating tkie1/B)
ionic occupations, coordination number, and the nearesturves to 18=0.° The saturated magnetic moment per mol-
Fe—Fe and R—Fe bond lengths as well as neighbors. ecule tends to increase from Ce to Nd. However, a drastic
Figure 3 shows the temperature dependent magnetizatiatecrease of saturation happens in G@F& alloy, which is
measured by field cooling in a applied field of 10 kG. Themost likely due to the Gd spin alignment being antiparallel to
RFe_,Ga . alloys are ferromagnetic, but the exdgtval-  Fe spin. The average saturation magnetic moment per atom
ues are not obtained due to the limitation of the measuremer,,) has been calculated by the following equation:
temperature rangé—400 K. Two magnetic transitions have _ Fe R Ga
been found in Nd alloys at 55.8 and 288.5 K as shown in the (Zm)=Xpem + XrZm+t Xedm - D
inset plot in Fig. 3. The applied field dependent magnetizawherex; (i=Fe,R,Ga corresponds to the atomic fraction of
tion is shown in Fig. 4. Some REeGas.  alloys show a Fe, rare earth, and Ga, ad, (i=Fe,R,Gais the saturation

Temperature (K)

TABLE |I. List of structural refinement parameters and magnetic properties parameters of the Gde,
intermetallic compounds.

R Ce Pr Nd Sm Gd

X 0.7 0.2 0.7 0.3 0

aA) 8.7036) 8.7157) 8.6987) 8.6546) 8.6673)

b(A) 8.7086) 8.7241) 8.6841) 8.6394) 8.5989)

c(R) 5.0923) 5.101(6) 5.0991) 5.0886) 5.0643)

v(A3) 385.97) 387.91) 385.48) 380.45) 377.59)

Fe x,0.291@1) 0.290%2) 0.29489) 0.29548) 0.27229)

Gd x,0.34541) 0.33961) 0.34230) 0.33244) 0.34777)

Gd' y,0.34378) 0.357%3) 0.34445) 0.35933) 0.38606)

Gd" y,0.76464) 0.761Q1) 0.76155) 0.76211) 0.75280)

R, (%) 9.9 9.5 8.8 8.7 8.9

Rwp (%) 14.6 14.1 11.5 11.4 11.7

s 1.5 1.4 1.2 1.2 1.3
Atom—atom BL(A) and NN

Fe-Fd' (A) 2.547,4 2.556,4 2.543,4 2.541,4 2.503,4

(Fe'—(Féd,Fé")) 2.546,4 2.551,4 2.547,4 2.544,4 2.518,4

(R-(Fé,Fé") 3.230,8 3.226,8 3.231,8 3.205,8 3.258,8

M /atom (ug) 0.831) 1.009) 1.008) 0.853) 0.346)

Calculation (ug) 0.98 1.14 1.07 0.93 0.38
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RFe, Ga,  at 5K RFe;_,Ga& - With an orthorhombic Sck&s; type structure

80 = has been prepared. The lattice parameters and unit cell vol-
=) 60- umes tend to decrease due to the radii contraction in the
=] 4 lanthanum group. In each unit cell, there are six kinds of
S 40 nonequivalent crystal positions, i.e., 2a, 4e, 4f, 49, 4h, and 8k
= 50 which are occupied by 2R, 4Gad(Fé,Ga), 4G4, 4G4d",

.g J and 8Fé&, respectively. The Rie ,Ga;.  alloys exhibit fer-

i 0 - romagnetic order but the magnetic transitions have been
‘-3 _20_' found in Nd and Sm based alloys. These alloys show a soft
g’ ] magnetic behavior but the magnetization hysteresis loops
© -40 - have been observed in the Nd and Sm alloys at 5 K. The
= . saturation magnetic moments per molecule tend to increase

-60 7] : et from Ce to Sm. However, a drastically decrease of magneti-

-80 —— —— —— ———1— zation happens in Gdg€a;, which is most likely due to the

-6 4 -2 0 2 4 6 Gd spin alignment being antiparallel to Fe spin. The calcu-
Applied field (T) lated saturation magnetic moments of these alloys agree with

the experimental values.

FIG. 4. The applied field dependence of magnetization of Rf&a;, «
alloys at 5 K. This work is supported by CARS-University of Chicago.

XRD work, carried out in the Center for Microanalysis of
Materials, was partially supported by the U.S. Department of

magnetic moment of Fe, R, and Ga. Since Ga is nonmagnetignergy under Contract No. DEFG02-ER45439.

element,ZS%is zero.ZR is calculated bygJ (whereJ is the
total angular momentum arglis Lander factor which corre-  'A. Szytula and J. Leciejewictiandbook of Crystal Structures and Mag-

SpOhdS to the SpECtI’OSCOpiC state designafic'l’rinis value is netic Properties of Rare Earth Intermetallid€RC Press, Cleveland,
19949, p. 223.

positive for the rare earth elgmept from Ce to Sm but iS 27" Mazet and B. Malaman, J. Magn. Magn. Ma®tS, 33 (2000.
negative for Gd due to Gd spin alignment being antiparallel3G. venturini, A. Verniere, and B. Malaman, J. Alloys Comf820, 46

to that of Fe in Gd based allog[¢ is defined by magnetic ,(2000. _
valence modegf. Zﬁqe: ZNdT _ZFe’ where ZFe is electronic :\.l:m(ciagn%e(aggéDopov. Akad. Nauk. Ukr. RSR, Ser. A: Fiz.-Mat. Tekh.
valence of Fe constitutiondyyT is the number of electrons sy "y Rietveld, J. Appl. Crystalloge, 65 (1969.

in the spin-up @ band and is taken to be 5 for the latd 3 °G. F. Dionne, J. Appl. Phy€10, 1839(1969.
elementgFe, Co, Ni, Cu, and 2n Both of the experimental "E. P. Wohlfarth, Ferromagnetic Materials,Handbook on the Properties

and calculated saturation magnetic moment per atom value of Magnetically Ordered Substancédorth-Holland, Amsterdam, 1980
ol. 1, p. 188.

are listed in Taple l. . _ 8A. P. Molozemoff, A. R. Williams, and V. L. Moruzzi, Phys. Rev. 29,
In conclusion, a ternary intermetallic compound 1620(1984.
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