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MAGNETIC PROPERTIES OF NEW COMPOUNDSRMg2Cu9 WITH TWO-DIMENSIONAL ALIGNMENTOF R ATOMS�Y. Nakamori, H. Nakamori and H. FujiiFa
ulty of Integrated Arts and S
ien
e, Hiroshima UniversityHigashi-Hiroshima, 739-8521, Japan(Re
eived July 10, 2002)Stru
tural and magneti
 properties of new 
ompounds RMg2Cu9 wereexamined. The results indi
ated that RMg2Cu9 
rystallize in the CeNi3type hexagonal stru
ture for R = La, Ce, Pr, Nd, Sm and show magneti
order for R = Ce and Sm, that is in 
ontrast with RMg2Ni9 system. Some
ontrastive physi
al properties in RMg2T9 (T = Ni, Cu) might be origi-nated in both the two-dimensionality of R atoms and the number of 
arrier.PACS numbers: 61.66.�f, 75.20.En, 75.50.Ee1. Introdu
tionCeMg2Ni9 
rystallizes in the hexagonal PuNi3 type stru
ture, whileCeMg2Cu9 
rystallizes in the CeNi3 type stru
tures [1℄, both of whi
h arebuilt up from the sta
king of single layers of CeT5 (T = Ni, Cu) and dou-ble layers of MgT2 along the 
-axis. It have been 
lari�ed that CeMg2T9system reveal some novel physi
al properties, for example, no magneti
long range order in RMg2Ni9 with R = Ce, Pr, Nd and Gd and almostpressure-independen
e of TN up to 0.9 GPa for CeMg2Cu9, that might bere�e
ted two-dimensionality of R atoms [2℄. To 
larify the in�uen
e of two-dimensional arrangement of R atoms, we studied physi
al properties of light-rare-earth RMg2Cu9 (R = La, Pr, Nd and Sm) 
ompounds. In this paper,we report the 
rystal stru
ture and magneti
 properties of new 
ompoundsRMg2Cu9 (R = La, Ce, Pr, Nd and Sm). Details of the sample preparationand the other experimental pro
edures are given in Ref. [3℄.� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1549)
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ussion2.1. Crystal stru
tureFigure 1(a) shows powder X-ray di�ra
tion pattern for RMg2Cu9(R = La, Ce, Pr, Nd and Sm) together with the simulation pattern assumedCeNi3 type hexagonal stru
ture. Comparing our experimental pattern withthe simulation one, we 
an 
on
lude that RMg2Cu9 (R = La, Ce, Pr, Ndand Sm) is in a single phase of CeNi3 type hexagonal stru
ture. The re�nedlatti
e 
onstants are listed in Table I. The latti
e 
onstants of RMg2Cu9obey the lanthanide 
ontra
tion, indi
ating that R is in a tri-valent state,being in 
ontrast with RMg2Ni9 system that Ce is in an intermediate valen
estate [4℄.From the above simulation result, the 
rystal stru
ture of RMg2Cu9 
anbe drawn in �gure 1(b), whi
h is built up of alternating single layers of RCu5and double layers of MgCu2 along the 
-axis. In this stru
ture, the R-Rnearest neighbor distan
e along the 
-axis are almost two-times larger thanthat in the 
-plane (see Table I). Thus, these 
ompounds are 
hara
terizedby two-dimensional alignment of R atoms.
 Fig. 1. (a) Powder X-ray di�ra
tion pro�les of RMg2Cu9 (R = La, Ce, Pr, Nd andSm) and the simulation pattern assumed CeNi3 type hexagonal stru
ture. (b) The
rystal stru
ture of RMg2Cu9 with a hexagonal CeNi3 type. TABLE IStru
tural and magneti
 properties of RMg2Cu9 (R = La, Ce, Pr, Nd and Sm).



Magneti
 Properties of New Compounds . . . 15512.2. Magneti
 propertiesThe magnetization 
urves for RMg2Cu9 at 2 K are shown in �gure 2.For LaMg2Cu9, the magnetization de
rease linearly with in
reasing mag-neti
 �eld, indi
ating LaMg2Cu9 is diamagnetism. On the other hand, themagnetization for R = Ce, Pr and Sm, linearly in
rease with in
reasingmagneti
 �eld, indi
ating that these 
ompounds are antiferromagnetism orparamagnetism. For NdMg2Cu9 on the 
ontrary, the magnetization gradu-ally in
reases with in
reasing magneti
 �eld.

Fig. 2. Magnetization 
urve for RMg2Cu9 at 2 K. The inset shows the magnetiza-tion 
urve for LaMg2Cu9.Figure 3 shows the temperature dependen
e of the magneti
 sus
eptibil-ity � for RMg2Cu9 with (a) R = Ce, Pr and Nd, (b) La, and Sm. The � of

Fig. 3. Temperature dependen
e of the magneti
 sus
eptibility at 10 kOe forRMg2Cu9 (a) R = Ce, Pr, Nd and (b) La, Sm.LaMg2Cu9 and SmMg2Cu9 are almost independent of temperature, re�e
t-ing diamagnetism and Van Vle
k paramagnetism. The � of CeMg2Cu9 andSmMg2Cu9 exhibit a small peak at 2.7 K and 10 K respe
tively, suggesting
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e of antiferromagneti
 order below these temperatures. On theother hand, the � of PrMg2Cu9 was observed no magneti
 anomaly at 2 K,whi
h is due to singlet ground state 
aused by a 
rystal ele
tri
 �eld split-ting. The � for NdMg2Cu9 shows indu
ed-ferromagneti
 behavior belowabout 4 K. The 1/� for R = Ce, Pr, Nd follows the Curie�Weiss Law withe�e
tive magneti
 moments that are 
lose to theoreti
al values expe
ted forthe R3+ free ion. The e�e
tive magneti
 moment �e� , Curie�Weiss tem-perature �p and magneti
 ordering temperature are summarized in Table I.Sin
e the �p for NdMg2Cu9 is near 0 K, it seems likely that the ground stateof NdMg2Cu9 is in a paramagneti
 state and shows indu
ed-ferromagnetismin high �eld at T < 4 K.It should be noted that RMg2Cu9 for R = Ce and Sm show antiferro-magneti
 order at low temperature, while RMg2Ni9 show no-magneti
 ordereven for Gd-system with large spin 
omponents. The reason of no magneti
order for RMg2Ni9 was originally thought to be the two-dimensionality ofrare earth arrangement [3℄. However, there is antiferromagneti
 order in theRMg2Cu9 with R = Ce and Sm, although nearest neighbor R�R distan
esalong 
-axis are larger than that in the RMg2Ni9. Therefore, it seems likelythat the reason of no magneti
 order for RMg2Ni9 is not only in a two-dimensionality of R atoms, but also in a low 
arrier number of 
ondu
tionele
trons whi
h 
ould be observed as a high ele
tri
al resistivity 
omparedto that in the Cu system [2℄. 3. SummaryWe have 
lari�ed that new 
ompounds of RMg2Cu9 
rystallize in thehexagonal CeNi3 type stru
ture for R = La, Ce, Pr, Nd, Sm and showmagneti
 order for R = Ce and Sm, that is in 
ontrast with the RMg2Ni9system. The physi
al properties of RMg2T9 for T = Ni, Cu therefore mightbe originated in both the two-dimensionality of R atoms and the number of
arrier. REFERENCES[1℄ J. Cromer et al., A
ta Crystallogr. 12, 689 (1959).[2℄ Y. Nakamori et al., Physi
a B 312, 235 (2002).[3℄ H. Fukuda et al., J. Phys. So
. Jpn. 67, 2201 (1998).[4℄ K. Kadir et al., J. Alloy. Compd. 257, 115 (1997).


