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MAGNETIC PROPERTIES OFTRANSITION METAL BORATES FeBO3, VBO3, CrBO3�A.D. Balaev, N.V. Kazak, S.G. Ovhinnikov, V.V. RudenkoL.V. Kirensky Institute of Physis, 660036, Krasnoyarsk, Russiaand N.B. IvanovaKrasnoyarsk Tehnial University, 660074, Krasnoyarsk, Russia(Reeived July 10, 2002)The researh of magneti properties of transition metal borates FeBO3,VBO3, CrBO3 was arried out. New experimental data onerning mag-neti struture of CrBO3 is obtained. The exhange and anisotropy �eldvalues are determined.PACS numbers: 71.27.+a, 72.20.Ee, 72.20.My, 72.80.Ga1. IntrodutionThe transition metal borates with hemial formula ABO3 present a fam-ily of isostutural magneti materials ontaining 3d ions A=Fe, V, Cr, Ti.The basi mehanism responsible for the magneti ordering is hold to be 90Æindiret exhange. ABO3 rystallizes in a alite struture, whih ontainstwo formula units per unit ell. FeBO3 was �rst prepared by Bernal et al.,in 1963 [1℄. Studies of single rystal FeBO3 have shown that it is weak fer-romagneti with TN � 348K [2℄. Although the literature on FeBO3 is quiteextensive, little is known about other representatives of this oxide lass. Theisotypi transition metal borates CrBO3, VBO3 and TiBO3 were obtainedby Shmid in 1964 [3℄. Examination of the ompounds VBO3 and CrBO3 hasrevealed that VBO3 is ferromagneti material with T � 32K [4℄. Chromiumborate is antiferromagneti material (3d3 for Cr3+ ion), TN � 15K [4℄.Earlier we reported about properties of solid solutions VxFe1�xBO3 [5, 6℄.Magneti properties FeBO3, VBO3 and CrBO3 are presented in thispaper. All rystals were obtained by spontaneous rystallization method [5℄.Magnetization measurements were made from 4.2 to 350K in the �eld up to75 kOe.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(757)



758 A.D. Balaev et al.2. Results and disussionIt is known that FeBO3 is a anted antiferromagneti material in whihthe Fe3+ spins are anted slightly from ollinear antiparallel alignment. Theanting results in a small net moment perpendiular to the threefold -axiswith a ant angle of about 0:92Æ, giving rise to a net magnetization of 4 emu/gat 4.2 K. The anisotropy and the in-plane anisotropy �eld is below than 1Oe,whereas the hard axis anisotropy �eld is around 3260Oe. The exhange andDzialoshinski �elds are around 3280 kOe and 101.1 kOe aordingly.The �eld dependenies of magnetization of VBO3 at the di�erent dire-tions of external magneti �eld, parallel (urve 1) and perpendiular (urve 2)to the rystal surfae, at the 4.2K are represented in Fig. 1. The diretion ofexternal magneti �eld in the plane is arbitrary as preliminary study showedthat in-plane anisotropy is negligibly small. Magnetization behaviour of sin-gle rystal VBO3 is typial for ferromagnet with �easy plane� anisotropy. The

Fig. 1. Magnetization urves at 4.2K for VBO3.threefold -axis is hard diretion and saturation takes plae about 65 kOe.The exhange �eld Hex in VBO3 is 782 kOe, one order less than one inFeBO3. In Fig. 2 we show the temperature dependene of �rst onstant ofsingle-axis anisotropy of VBO3 in ompare with theoretial urve, given byfollowing expression [7℄: K1 = K10 (M(T )=Ms)3, where K10 is K1 value at4.2K, M(T ) is magnetization of VBO3 in �eld of 20 kOe, Ms is saturationmagnetization. Apparently there is a good agreement. The K10 magnitudeis 1:2� 107 erg/m3 and anisotropy �eld Ha is 62.5 kOe. It should be notedthat this value is the greatest among iso-strutural ompounds. The ground



Magneti Properties of Transition Metal Borates . . . 759state of V 3+ ion is F state. It is possible that suh large quantity Ha resultsfrom spin�orbital oupling whih plays an important role in VBO3. CrBO3is another representative of family of rhombohedral antiferromagneti ma-terials.

Fig. 2. Experimental and theoretial temperature dependenies of �rst onstant ofsingle-axis anisotropy VBO3.In Fig. 3 we give the magnetization urves of the CrBO3 at 7.6K. The di-retion 1 orresponds to �eld applied along two-fold axis in plane, 2 � alongperpendiular to plate side, 3 � along three-fold axis. The urve number 3is linear. Apparently, the magnetization proess is due to rotation of sub-lattie magnetization vetors. The plot indiates that the urves 1 and 2 areaompanied by hysteresis and noise in the range 50 kOe< H < 79 kOewhen the magneti �eld is applied in plane. It is possible that suh in-stability is aused by ompetition of exhange, anisotropi interations andexternal magneti �eld. The di�erene between the magneti suseptibility�out of plane� and �in plane� in �eld less than 50 kOe is 20%. It turned out,that in the range H > 70 kOe suseptibility � is nearly equal for all dire-tions and its value is 2� 10�3. Exhange �eld for CrBO3 is about 383 kOe.So antiferromagneti exhange interation Cr�O�Cr is one order less thanone in FeBO3. The existene of �spin��op� transition in hexagonal planeindiate that CrBO3 has onsiderable �in plane� anisotropy in ompare withVBO3 and FeBO3. The obtained experimental results for CrBO3 are inontradition with assumption presented in [4℄ that this ompound is a two-sublattie antiferromagneti with the sublattie moments along -axis. Itfollows from our data that vetor of antiferromagnetism lies in basi plane.



760 A.D. Balaev et al.In the rhombohedral rystals the magneti moments are usually situatedalong symmetry axes. It is strange that in CrBO3 these axes are not easydiretions. Probably the magneti struture of this rystal is more omplexand detailed study by neutron di�ration and other investigation methodsare neessary.
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