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STRUCTURAL AND MAGNETIC PROPERTIES OFTHE ErNi1�xCuxAl SERIES�J. Pr
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(Re
eived July 10, 2002)The pseudo-ternary series ErNi1�xCuxAl has been studied by means ofX-rays and magnetization. Stru
ture parameters exhibit a sudden �jump�between x = 0.5 and 0.6. The samples in the initial region with x � 0.2undergo two phase transitions and 
o-existen
e of F and AF ordering ispossible. The samples with x � 0.4 are already rather ferromagnets.PACS numbers: 75.30.Gw, 75.30.Kz, 75.60.Ch1. Introdu
tionThe RNiAl and RCuAl 
ompounds belong to a large group of RTX 
om-pounds (R = rare earth, T = transition metal, X=p-metal). They 
rystallizein the ZrNiAl-type hexagonal stru
ture, spa
e group P�62m (group No. 189),whi
h 
onsists of two types of layers. One of them 
ontains all the rare-earthatoms and one third out of the transition-metal atoms. The p-metal andtwo out of the three transition metal atoms are in
luded in the se
ond,nonmagneti
 layer separating the �rst one.Interesting study was performed for TbNi1�xCuxAl series [1℄. In 
ompar-ison to that 
ase, the boundary stoi
hiometri
 
on
entration 
ompounds inthe ErNi1�xCuxAl series behave in the similar way with additional di�eren
ein the dire
tions of magneti
 moments. ErNiAl is an antiferromagnet with� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1485)



1486 J. Pr
hal et al.magneti
 moments arranged within the basal plane below 6.2 K [2℄, whileErCuAl is a simple ferromagnet with moments aligned in the 
-axis dire
tionwith the ordering temperature of 6.8 K [3℄. The 
hange of magneti
-orderingtype and also reorientation of the moments is expe
ted.2. ExperimentalThe poly
rystalline samples have been prepared by ar
-melting in mono-ar
 furna
e under prote
tion of argon atmosphere. The initial materials
onsisted of pure elements with the purity of 99.9% for Er and Co, 99.995%for Ni and 99.999% for Cu and Al. All of the samples have been analyzedby X-ray powder di�ra
tion at room temperature. Moreover, the qualityof the sele
ted samples has been proved by the mi
roprobe experiment.The DC-magnetization measurements have been performed using thePPMS instrument and on a SQUID magnetometer (both Quantum Design).The powder 
onsisting of randomly oriented grains �xed by nonmagneti
glue in a small ampule has been used.3. ResultsThe X-ray study of the ErNi1�xCuxAl series at the room temperatureshowed that the latti
e parameters radi
ally �jump� between x = 0.5 and0.6 while keeping the volume without any sudden 
hange (Fig. 1).
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Fig. 1. The 
on
entration dependen
e of the latti
e parameters in theErNi1�xCuxAl series, for several 
on
entrations measured in low temperatures.The latti
e parameters measured on several samples (x=0:0; 0:4; 0:5; 1:0)at the temperatures down to 5 K show, that a and 
 follow the same typeof 
on
entration dependen
e at low temperatures as that at the room tem-perature.
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Fig. 2. The low-temperature dependen
e of M=H in the ErNi1�xCuxAl series.The full and open symbols represent zero-�eld 
ooled and �eld 
ooled regime,respe
tively. The values for di�erent 
on
entrations x are shifted for better view.
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Fig. 3. Magnetization 
urves of the ErNi1�xCuxAl series. In the right part the
omparison with ErCuAl sample at 2 K � represented by empty symbols � isadded.By viewing magnetization data, one 
an think about two 
on
entrationregions. In the range of 0.05 � x � 0.20 there is possible 
o-existen
e offerro- and antiferromagneti
 alignment. The samples with x = 0.05, 0.1, 0.2exhibit two maxima in the temperature dependen
e of magnetization, whatindi
ates two phase transitions (Fig. 2). These two points of phase transi-
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hal et al.tion have been 
on�rmed by the heat 
apa
ity measurements. Also magne-tization 
urves indi
ate the antiferromagneti
 ordering. As it is seen fromthe double-
urvature (Fig. 3), the ferromagneti
 
omponent is strengtheningwhile in
reasing x.The other region of the 
on
entration of x � 0.4 
ontains 
ompoundsexhibiting rather ferromagneti
 behavior. They have a 
lear in�e
tion pointin low-temperature dependen
e of magnetization. Heat 
apa
ity measure-ments 
on�rmed them to be phase-transition points. The magnetization
urves 
ontain already no double-
urved behavior. And be
ause of the sim-ilarity to the magnetization 
urve of the ErCuAl 
ompound (under thesame 
onditions) it is probable, that the ErNi1�xCuxAl 
ompounds with0.4 � x � 0.8 are ferromagnets. The ferromagnetism of ErCuAl has been
on�rmed by neutron di�ra
tion experiments [3℄.4. Dis
ussionFrom the di�erent alignment of magneti
 moments in the ErNiAl andErCuAl 
ompounds, the 
hange of magneto
rystalline anisotropy and thetransition from antiferro- to ferromagneti
 order within the ErNi1�xCuxAlseries is expe
ted. The latti
e �jump� 
an indi
ate the reorientation of themagneti
 moments.A

ording to the evolution of the M vs. H dependen
ies within the
on
entration range, it seems that the ferromagneti
 
omponent be
omesstronger while in
reasing the 
on
entration parameter x. Also the tempera-tures of the se
ond maximum in the low-temperature dependen
ies of M=Hdrives down with in
reasing x. So the 
hange from antiferro- to ferromag-neti
 order happens 
onsequently, without any sudden 
hange.If the hypothesis that 
ompound with x = 0.40 is already ferromagneti
and if the sudden 
hange in the latti
e is 
onne
ted with reorientation ofthe moments from the basal plane (x � 0.5) to the 
-dire
tion (x � 0.6) itwould mean that the 
on
entrations 0.5 � x � 0.6 represent ferromagneti

ompounds with magneti
 moments within the basal plane. To 
on�rm ornegate this idea is the question for the neutron di�ra
tion.REFERENCES[1℄ G. Ehlers, D. Ahlert, C. Ritter, W. Miekeley, H. Maletta, Europhys. Lett. 37,269 (1997).[2℄ P. Javorský, M. Divi², H. Sugawara, H. Sato, H. Mutka, Phys. Rev. B65,014404 (2002).[3℄ P. Javorský, P. Burlet, E. Ressou
he, V. Se
hovský, H. Mi
hor, G. Lapertot,Physi
a B 225, 230 (1996).


