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MAGNETIC AND TRANSPORT PROPERTIES OF(YxCe1�x)7Rh3�T. Tsutaoka, M. Takahashi, T. TokunagaGraduate S
hool of Edu
ation, Hiroshima UniversityHigashi-Hiroshima, 739-8524, Japanand Y. NakamoriFa
ulty of Integrated Arts and S
ien
es, Hiroshima UniversityHigashi-Hiroshima, 739-8521, Japan(Re
eived July 10, 2002)Magneti
 and transport properties of (YxCe1�x)7Rh3 have been stud-ied by measuring magnetization, magneti
 sus
eptibility and ele
tri
al re-sistivity. Ce7Rh3 is a metal ferromagnet and Y7Rh3 is a semimetalli
 Pauliparamagnet. In (YxCe1�x)7Rh3, ferromagneti
 phase disappears at aboutx = 0:4. Intermediate valen
e state 
an exist in high Y 
on
entration rangeabove x = 0:5. In this range, ele
tri
al properties 
an be realized by theKondo s
attering in semimetalli
 band stru
ture.PACS numbers: 71.27.+a,75.30.Mb1. Introdu
tionThe rare earth intermetalli
 
ompounds R7Rh3 (R: rare earth metal)
rystallize in the Th7Fe3 type hexagonal stru
ture in whi
h R o

upies threenon-equivalent sites [1, 2℄. Among these 
ompounds, Ce7Rh3 is a heavyfermion metal 
ompound having 
 = 0.85 J/molK2 and be
omes ferromag-net below TC = 6.8 K [3℄. On the other hand, Y7Rh3 is a Pauli paramagnetwith semimetalli
 band stru
ture [4℄. Considering the di�eren
e of the ele
-tri
al property in these two 
ompounds, the 
hange of magneti
 and trans-port properties in Ce 
ompound, when 
ondu
tive 
arrier 
hanges, 
an beobserved in pseudo-binary system between Ce7Rh3 and Y7Rh3. At this pointof view, (YxCe1�x)7Rh3 has been studied. In this report, we present the ex-perimental results of magneti
 and transport properties in (YxCe1�x)7Rh3system.� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1355)
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rystalline ingots of (YxCe1�x)7Rh3 were prepared by ar
-meltingthe 
onstituent elements of 99.9 % Ce, Y and 99.96 % Rh under high purityargon atmosphere. Obtained samples were found to be single phase withthe Th7Fe3 type hexagonal stru
ture by X ray di�ra
tion analysis. Magne-tization and magneti
 sus
eptibility were measured by a vibrating samplemagnetometer and a SQUID magnetometer. AC magneti
 sus
eptibilitymeasurement was 
arried out using the Hartshorn bridge 
ir
uit. Ele
tri
alresistivity was measured by 
onventional d
 four terminal method.3. Results and dis
ussionFig. 1 shows the magneti
 sus
eptibility � (a) and re
ipro
al sus
epti-bility ��1 (b) for several x in (YxCe1�x)7Rh3 as a fun
tion of temperature.From x = 0 to 0.90, Curie�Weiss like behavior was observed in high temper-

Fig. 1. Magneti
 sus
eptibility (a) and re
ipro
al sus
eptibility (b) for several x in(YxCe1�x)7Rh3 as a fun
tion of temperatureature; � is almost temperature independent in Y7Rh3. E�e
tive magneti
moment �e� obtained from ��1�T 
urves are 2:3�B/Ce for x = 0, 2.05�B/Ce for x = 0:25 and 0.3. In this 
on
entration range, magnetization
urves at 4.2 K show ferromagneti
 behavior. Thus magneti
 moment ofCe is originated by Ce3+ ions with the e�e
t of CEF. Ferromagneti
 statedisappears at about x = 0:4 from the result of a
 magneti
 sus
eptibility asshown in Fig. 2(b). The inset in Fig. 2(a) shows the x�T phase diagram.Above x = 0:4, e�e
tive magneti
 moment de
reases (�e� = 1:1�B/Ce for
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Fig. 2. Latti
e 
onstant (a) and temperature dependen
e of a
 magneti
 sus
epti-bility (b) in (YxCe1�x)7Rh3. The inset (a) shows x�T phase diagram.x = 0:5 and 0.99 �B/Ce for x = 0:9, respe
tively). These results indi-
ate that the intermediate valen
e state may exist above x=0:5. Trovarelliet.al., suggested that in Ce7Rh3, ea
h sublatt
e 
ontributes to intermediatevalen
e (CeIII), Kondo e�e
t (CeII) and magneti
 ordering (CeI) due to thedi�eren
e of Ce�Ce atomi
 distan
e [3℄. In (YxCe1�x)7Rh3 system, there isno 
hange in X ray di�ra
tion pattern and latti
e 
onstant de
reases 
on-tinuously with in
reasing x as shown in Fig. 2(a). Latti
e 
onstant ratiois 
onstant in entire 
on
entration range. Thus, preferential substitution ofCe ions by Y does not appear. However, sin
e interatomi
 distan
e betweenCe ions de
reases 
ontinuously with in
reasing x, RKKY intera
tion is sup-pressed and intermediate valen
e state between Ce3+ and Ce2+ 
an o

urabove x = 0:5.Ele
tri
al resistivity � is shown in Fig. 3 as a fun
tion of temperature.At x = 0, resistivity de
reases with de
reasing temperature, exhibits mini-mum at about 23K and an anomaly is observed at TC. This indi
ates thatthe Kondo s
attering is suppressed by RKKY intera
tion and ferromagneti
state is stabilized at low temperature. Resistivity in
reases with in
reasing xat room temperature and temperature 
oe�
ient of resistivity 
hanges frompositive to negative at about x = 0:5. Con
erning the temperature variationof resistivity in Y7Rh3, negative temperature 
oe�
ient of resistivity at roomtemperature is attributed to the semimetalli
 band stru
ture having narrowband gap and ele
tron-hole po
kets. Namely, thermal ex
itation of ele
tronsdue to narrow band gap brings about the semi
ondu
tive resistivity varia-
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tri
al resistivity for (YxCe1�x)7Rh3 as a fun
tion of temperature.tion at high temperature. At low temperature, thermal ex
itation is redu
edand metalli
 
ondu
tion is re
overed by 
arriers in 
ondu
tion band [4℄. Highresistivity value in Y7Rh3 indi
ates the low 
arrier semimetalli
 band stru
-ture. In (YxCe1�x)7Rh3, though the same temperature variation of � asY7Rh3 is observed in x = 0:98, low temperature resistivity is pushed upwith de
reasing x and resistivity maximum disappears below x = 0:9. Con-sidering the 
hange of band stru
ture in (YxCe1�x)7Rh3, low temperatureresistivity in
rease may be attributed to the impurity Kondo e�e
t. Fromthese, in (YxCe1�x)7Rh3, ele
troni
 band stru
ture 
hanges from metalli
to semimetalli
 at about x = 0:5 with in
reasing x, where ferromagneti
state vanishes. The 
hange of magneti
 properties 
an be originated by thede
rease of minimum Ce�Ce interatomi
 distan
e and 
oexisten
e of inter-mediate valen
e and impurity Kondo state may exist in semimetalli
 bandstru
ture above x = 0:5. For further investigation, measurement of Halle�e
t is now in progress. REFERENCES[1℄ G.L .Ol
ese, J. Less-Common Met. 33, 71 (1973).[2℄ R.B. Roof Jr, A.C. Larson, D.T. Cromer, A
ta Crystallogr. 14, 1084 (1961).[3℄ O. Trovarelli, J.G. Sereni, J.P. Kappler, J. Low Temp. Phys. 108, 53 (1997).[4℄ T. Tsutaoka, Y. Nakanori, T. Tokunaga, Y. Itoh, J. Phys. So
. Jpn., 70, 199(2001).


