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ANTIFERROQUADRUPOLAR TRANSITION INDy0:8Gd0:2B2C2� ��Hideya Onodera, Kentaro Indoh, Juntaro KayaHiroki Yamau
hi and Yasuo Yamagu
hiInstitute for Materials Resear
h, Tohoku University, Sendai 980-8577, Japan(Re
eived July 10, 2002)Temperature dependen
e of spe
i�
 heat as well as magnetizationreveals that Dy0:8Gd0:2B2C2 undergoes an antiferroquadrupolar transitionat TQ = 17:5K below an antiferromagneti
 one at TN = 20:0K. Gd substi-tution in DyB2C2 de
reases TQ and in
reases TN, and results in a transitionsequen
e reverse to that in DyB2C2. The magnetization in
reases belowTN and de
reases below TQ. The results are dis
ussed as a manifestationof anomalous properties of the magneti
 phase adja
ent to the antiferro-quadrupolar ordered phase.PACS numbers: 75.50.Ee, 75.90.+w1. Introdu
tionDyB2C2 with the tetragonal LaB2C2-type stru
ture [1℄ undergoes an an-tiferroquadrupolar (AFQ) ordering at TQ = 24:7K and a su

essive antifer-romagneti
 (AFM) one at TN = 15:3K [2℄. The AFQ order in DyB2C2 is the�rst example in tetragonal rare-earth 
ompounds, and its transition temper-ature TQ is about ten times higher than those of other AFQ materials foundto date. Furthermore, an iso-stru
tural 
ompound HoB2C2 has the AFQordering temperature at TQ = 4:5K below the AFM transition temperatureTN = 5:9K, that is, the new phase named phase IV appears between TQ andTN [3℄. This transition sequen
e resembles to that in Ce0:75La0:25B6 [4℄. Thiskind of phase adja
ent to the AFQ phase attra
ts our interest be
ause ofits mysterious and 
ontroversial 
hara
ter. No eviden
e has been found forany magneti
 order in phase IV of Ce0:75La0:25B6, although antiferromag-neti
 re�e
tions have been observed by neutron di�ra
tion of the similar� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.�� Send any remarks to onodera�imr.edu(991)
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Fig. 1. Temperature dependen
e of the spe
i�
 heat and entropy ofDy0:8Gd0:2B2C2.phase in HoB2C2 [5, 6℄. The present work provides experimental results ofspe
i�
 heat and magnetization of Dy0:8Gd0:2B2C2. The Gd substitutionenhan
es the AFM intera
tion and weakens the AFQ intera
tion, and hen
ea transition sequen
e is expe
ted to be the reverse of that in DyB2C2.2. ExperimentsSample preparation was des
ribed elsewhere [2℄. We used Dy and Gd of99.9%, B of 99.8% and C of 99.999% in purity. The magnetizations weremeasured using a SQUID magnetometer and the spe
i�
 heat was measuredby a 
onventional relaxation method.3. Results and dis
ussionFig. 1 shows temperature dependen
e of the spe
i�
 heat and entropy ofthe single-
rystalline Dy0:8Gd0:2B2C2 
ompound. A sharp anomaly at 17.5Kand a broadened peak around 20.0K as shown by the arrows in the �gure
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onsidered to 
orrespond the AFQ and AFM transition temperatures,respe
tively, be
ause these temperatures are just on the extrapolated linesfrom the lower Gd 
on
entrations than x = 0:2 [7℄. This transition sequen
eis the reverse of that in DyB2C2 with TQ = 24:7K and TN = 15:3K [2℄. Thesimilar phenomenon has been observed in Ce1�xLaxB6 with x = 0:25 [4℄.Fig. 2 shows temperature dependen
e of the magnetizations M/H ofDy0:8Gd0:2B2C2 along three 
rystallographi
 axes. The arrows indi
ate thetransition temperatures determined by the spe
i�
 heat shown in Fig. 1.It is remarkable that, as the temperature de
reases, the magnetization in the
-plane in
reases below TN, de
reases below TQ and in
reases again below15K.
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Fig. 2. Temperature dependen
e of the magnetizations of Dy0:8Gd0:2B2C2.Below TQ, Dy0:8Gd0:2B2C2 is in a 
oexistent phase of AFM and AFQorder whi
h is similar to those in HoB2C2 below TQ and DyB2C2 below TN,and then it is expe
ted that spontaneous magnetizations appear [2, 3℄. Itis supposed that the Gd moments with L = 0 align antiferromagneti
allyso as to de
rease the spontaneous magnetization. The anomalous 
hange ofmagnetizations below TQ shown in Fig. 2 is attributable to di�erent tem-perature dependen
e between the magnitudes of Dy and Gd moments, anda 
ompensation temperature appears around 15K.The behavior that the magnetization in
reases below TN was also ob-served in phase IV of Ce0:75La0:25B6 under uniaxial pressures along [0 0 1℄ [8℄.Furthermore, TbB2C2 whi
h is an antiferromagnet shows the similar anoma-lous in
rease of magnetization below TN [9, 10℄. The largest in
rease ap-pears along the [1 1 0℄ dire
tion with a weak uniaxial pressure along [1 1 0℄of TbB2C2 [11℄. In addition, it is noted that the antiferromagneti
 phase of
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ent to an AFQ phase indu
ed by magneti
 �elds [12℄. Themagnetizations in the 
-plane of HoB2C2 show 
usps at TN [2℄, that is, themagnetization of phase IV in HoB2C2 behaves in the similar way to thatin Ce0:75La0:25B6 under no uniaxial pressure. Consequently, the magneti
behavior of the phase between TQ and TN in Dy0:8Gd0:2B2C2 manifests some
hara
teristi
s of the anomalous magneti
 phase adja
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