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ANOMALOUS MAGNETIC PHASES IN Ho1�xTbxB2C2�Kaihei Ido, Hideya Onoderay, Koji Kaneko, Aya Toboand Yasuo YamaguhiInstitute for Materials Researh, Tohoku University, Sendai 980-8577, Japan(Reeived July 10, 2002)HoB2C2 and TbB2C2 show anomalous magneti phases whih areadjaent to antiferroquadrupolar ordered phases and supposedly a�etedby multipolar interations. We arried out spei� heat and magnetiza-tion measurements to omplete magneti phase diagrams of pseudo-binaryHo1�xTbxB2C2. It is lari�ed that the interations in the anomalous mag-neti phases of HoB2C2 and TbB2C2 are quite similar and Tb3+ ions areooperative to the antiferroquadrupolar order in HoB2C2.PACS numbers: 75.50.Ee, 75.90.+w1. IntrodutionTetragonal LaB2C2-type [1℄ ompounds RB2C2 show a series of interest-ing magneti phenomena. HoB2C2 undergoes an antiferromagneti (AFM)ordering at TN = 5:9 K and an antiferroquadrupolar (AFQ) ordering atTQ = 4:5 K [2℄. By neutron di�ration experiments, Ohoyama et al. haverevealed that its ground state magneti struture is desribed with four prop-agation vetors of k1 = [1 0 0℄, k2 = [1 0 1/2℄, k3 = [0 0 0℄, k4 = [0 0 1/2℄ [3℄.The magneti moments neighboring along the [0 0 1℄-axis are arranged byan angle of about 90 degrees by the AFQ interations. Furthermore, theyobserved that the magneti struture in the AFM phase between TQ andTN is a long-periodi one with a propagation vetor k1 = [1 � Æ1 � Æ1 Æ2℄(Æ1 = 0:11; Æ2 = 0:04) aompanied with di�use omponents whih appearin a broad reiproal spae between the satellites belonging to k1 [3, 4℄.While TbB2C2 shows only an AFM transition at TN = 21:7K, Kanekoet al., have found that magneti �elds indue an AFQ order oexistingwith an AFM order in TbB2C2 [5℄. As same as the magneti struturein the ground state of HoB2C2, the magneti struture of the �eld-indued� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.y Send remarks to onodera�imr.edu (1015)



1016 K. Ido et al.(AFM+AFQ) state in TbB2C2 is desribed by four propagation vetors,k1 = [1 0 0℄, k2 = [1 0 1/2℄, k3 = [0 0 0℄, k4 = [0 0 1/2℄. The AFM groundstate has a long-periodi magneti struture with propagation vetors ofk0 = [0 1 1/2℄, k1 = [0 0 1/2℄, k2 = [1� Æ � Æ 0℄ (Æ = 0:13) and di�use om-ponents very similar to those in HoB2C2 [6℄. There are some resemblanesbetween HoB2C2 and TbB2C2 that the magneti strutures of the their AFMphases are desribed with very similar long periodiities and di�use ompo-nents. Then we arried out spei� heat and magnetization measurementson the sigle rystalline samples of pseudo-binary Ho1�xTbxB2C2 ompoundsin order to larify whether the dominant interations in those AFM phasesare idential or not. 2. ExperimentalWe synthesized Ho1�xTbxB2C2 (0.2 � x � 0.8) by a onventional argonar tehnique. To ensure homogeneity, eah ingot was turned over and re-melted several times. The single rystals of Ho1�xTbxB2C2 were preparedby the Czohralski tehnique using a tetra-ar furnae. Spei� heats weremeasured by using a onventional relaxation method and magneti measure-ments were arried out using a SQUID magnetometer.3. Results and disussionFig. 1 shows temperature dependene of the magneti spei� heats ofHo1�xTbxB2C2 (0:0 � x � 1:0). While TN inreases gradually from 5.9Kto 21.7K as x inreases, TQ hardly hanges up to x = 0:6 and disappears
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Ho1-xTbxB2C2Fig. 1. Temperature dependene of the spei� heats of Ho1�xTbxB2C2.



Anomalous Magneti Phases in . . . 1017above x = 0:6. As TbB2C2 undergoes no AFQ ordering without magneti�eld [5℄, it is quite mysterious that the TQ value hardly dereases up tox = 0:6. Furthermore, the anomalous spei� heat at TQ beomes smalleras x inreases, whih suggests that the Tb3+ ions do not partiipate theAFQ order onsisting of the Ho3+ ions. Then we think that the Tb3+ ionsare not destrutive but supportive for the AFQ order onsisting of Ho3+ ionsby some reasons like quadrupolar and/or otupolar interations, althoughTbB2C2 itself shows no AFQ ordering without magneti �eld, that is, theAFQ order in HoB2C2 seems to be quite stable against the Tb substitution.Fig. 2 represents the H�T magneti phase diagrams (H k [1 1 0℄-axis)of Ho1�xTbxB2C2 (x = 0:0; 0:4; 0:6; 1:0). The AFM phase (phase IV) be-omes to extend to lower temperatures ontinuously as x inreases. This
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Fig. 2. Magneti phase diagrams of Ho1�xTbxB2C2.



1018 K. Ido et al.fat implies that the interations in phase IV of both HoB2C2 and TbB2C2are very similar. Moreover, it is observed that the AFQ phase (phase II)goes on expanding and the (AFQ+AFM) phase (phase III) disappears grad-ually as x inreases. Kaneko et al. have supposed that phase II in TbB2C2is the AFQ one as same as HoB2C2 [5℄. The supposition is just based onthe similarity of magnetization proesses of HoB2C2 and TbB2C2. By thepresent results on the H�T magneti phase diagrams of Ho1�xTbxB2C2, weon�rm that phase II in TbB2C2 is the AFQ phase ontinuing to that inHoB2C2. It is noted that the AFM phase (phase IV) and the AFQ phase(phase II) are side by side without any intermediate phase, although phaseIV and phase II are diretly adjaent to eah other in TbB2C2 but they arenot in ontat with eah other in HoB2C2 [7℄.REFERENCES[1℄ T. Onimaru, H. Onodra, K. Ohoyama, H. Yamauhi, Y. Yamaguhi, J. Phys.So. Jpn. 68, 2287 (1999).[2℄ H. Onodera, H. Yamauhi, Y. Yamaguhi, J. Phys. So. Jpn, 68, 2526 (1999).[3℄ K. Ohoyama, H. Yamauhi, A. Tobo, H. Onodera, Y. Yamaguhi, J. Phys. So.Jpn. 69, 3401 (2000).[4℄ A. Tobo, T. Ohmori, T. Matsumura, K. Hirota, N. Oumi, H. Yamauhi,K. Ohoyama, H. Onodera, Y. Yamaguh, Physia B 312�313, 853 (2002).[5℄ K. Kaneko, PhD thesis, Tohoku University, (2002).[6℄ K. Kaneko, H. Onodera, H. Yamauhi, K. Onoyama, A. Tobo, Y. Yamaguhi,J. Phys. So. Jpn. 70, 3112 (2001).[7℄ T. Ohmori, A. Tobo, H. Yamauhi, H. Onodera, Y. Yamaguhi, J. Phys. So.Jpn. Suppl. 71, 80 (2002).


