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MAGNETIC PROPERTIES OF GdMnO3 ANDGd0:67Ca0:33MnO3 COMPOUNDS�J. �ukrowski, M. Wa±niowska, Z. Tarnawski, J. Przewo¹nik,J. Chmist, A. Kozªowski, K. KropDepartment of Solid State Physis, Faulty of Physis and Nulear TehniquesUniversity of Mining and MetallurgyAl. Mikiewiza 30, 30-059 Kraków, Polandand M. SawikiInstitute of Physis, Polish Aademy of SienesAl. Lotników 32/46, 02-668 Warszawa, Poland(Reeived July 10, 2002)The AC and DC suseptibilities, 57Fe and 155Gd Mössbauer and XRDstudies of GdMnO3 and Gd0:67Ca0:33MnO3 manganites are presented. Itwas found that Mn moments order antiferromagnetially at 40 K forGdMnO3and at 60�70 K for Gd0:67Ca0:33MnO3 (although with ferromagneti om-ponent). The Gd moments order antiferromagnetially at 20 K forGdMnO3and at 25 K for Gd0:67Ca0:33MnO3 but in this ase some polarisation ofGd moments by Mn sublattie exists up to 60�70 K.PACS numbers: 75.30�m, 75.30.Cr, 75.50.Gg, 75.50�yThe perovskite-type manganites A3+1�xB2+x MnO3 (A=rare earth andB=alkaline earth) exhibit very interesting strutural, magneti, and trans-port properties inluding the olossal magnetoresistane (CMR) e�et [1℄.The pure AMnO3 is an insulator with the strongestMn3+�O�Mn3+ antifer-romagneti superexhange interations but the substitution of B2+ for A3+introdues holes into eg orbitals of Mn what gives rise to Mn3+�O�Mn4+ferromagneti double-exhange (DE) interation. On the other hand, bytuning the size mismath of A3+ and B2+, one an modify exhange intera-tions by hanging Mn�O�Mn angle and Mn�O bond length. Two more typesof magneti interations, Mn3+ � A3+ and A3+ � A3+ exist in manganiteswith magneti A what makes their magneti properties omplex.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1533)



1534 J. �ukrowski et al.Therefore, the optimally doped Gd0:67Ca0:33MnO3 is showing omplexferrimagneti behaviour with transition temperature between 50 and 80 K[2,3℄. There is pratially no information available about expeted omplexmagneti properties of pure GdMnO3 [4℄. In the present study we havearried out X-ray di�ration, mirosopi 57Fe and 155Gd Mössbauer e�etand marosopi magnetisation and AC suseptibility measurements in orderto larify the magneti properties of these manganites.Polyrystalline (Gd1�xCax)(Mn1�y 57Fey)O3+Æ samples with expetedÆ = 0:10 for x = 0 and Æ = 0 for x = 0:33, and y = 0, 0:001 were prepared bythe standard solid-state reation tehnique. Temperature dependent X-raydi�ration (XRD) measurements in the temperature range 4�300 K wereperformed on a Siemens D5000 di�ratometer. The magneti data wereolleted with a SQUID magnetometer and with a onvetional AC susep-tometer (frequeny 188.9 Hz and 0.5 Oe magneti �eld) from 4.2 to 300 K.The 57Fe and 155Gd Mössbauer e�et measurements were performed in thetransmission geometry.XRD measurements showed that GdMnO3 and Gd0:67Ca0:33MnO3 rys-tallise in the GdFeO3-type struture and at 300 K an be haraterised bythe unit ell parameters: a = 5:316(1)Å, b = 5:845(1)Å,  = 7:436(1)Å anda = 5:337(1)Å, b = 5:547(1)Å,  = 7:511(1)Å, respetively. The tempera-ture variations of a and b for GdMnO3 exhibit lear anomalies approximatelyat 40 K while for Gd0:67Ca0:33MnO3 some anomalies of parameters b and vs. T are seen at about 60 K. No anomalies were found in thermal evolutionof the unit ell volume for both samples. No signi�ant di�erene in lattieparameters was found for the orresponding samples doped with 57Fe.Temperature dependene of AC magneti suseptibility �AC of GdMnO3shows small anomaly at about 55 K and a strong inrease in magnitude fortemperatures lower than 25 K (see Fig. 1b) but the �AC urve ofGd0:67Ca0:33MnO3 peaks at 60 K. The �AC measurements were also per-formed on 1 % 57Fe-doped samples. The only e�et of 57Fe doping was torise the position of the maximum in the �AC to about 65 K forGd0:67Ca0:33Mn0:99 57Fe0:01O3.The thermal evolutions of magneti moment m of the zero-�eld-ooled(ZFC) GdMnO3 and Gd0:67Ca0:33MnO3 samples measured in order of in-reasing temperature under an applied magneti �eld of 10 Oe are shownin Fig. 1a. One should note that m(T ) of Gd0:67Ca0:33MnO3 shows maxi-mum at about 55 K and that no anomaly is seen at about 40 K in m(T ) ofGdMnO3. Fig. 1a shows also the m(T ) of Gd0:67Ca0:33MnO3 sample mea-sured in order of dereasing temperature at H = 100 Oe. Comparing thisdependene with the orresponding ZFC m(T ) urve one should interpretthe broad minimum at about 25 K as the ompensation point of a ferrimag-neti order of Gd and Mn sublatties.
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Fig. 1. (a)Temperature dependene of ZFC magneti moment m for Gd1�xCaxMnO3(#: x = 0; �: x = 0:33, measured under 10 Oe) and m for x = 0:33 (�, measuredunder 100 Oe). (b) �AC vs T for Gd1�xCaxMnO3 (#: x = 0; �: x = 0:33).Fig. 2 shows the main results of the paper: the temperature variationof the 155Gd mean hyper�ne �eld Bhf obtained from the �ts of GdMnO3and Gd0:67Ca0:33MnO3 Mössbauer spetra. In the �tting proedure thelinewidths of the given spetrum were kept �xed on the value at 80 K. Onean note learly di�erent temperature variation of Bhf for both ompounds.In addition, the temperature dependene of Bhf of Gd0:67Ca0:33MnO3 showsdi�erent harater below and above 25 K.

0 20 40 60 80
0

100

200

300  GdMnO
3

 Gd
0.67

Ca
0.33

MnO
3

 

 

B
 hf

 (
kG

s)


T
 
(K)Fig. 2. Temperature dependene of the 155Gd mean hyper�ne �eld Bhf forGd1�xCaxMnO3 ( : x = 0; �: x = 0:33).



1536 J. �ukrowski et al.The substitution of 57Fe for Mn allows to monitor the magneti behaviourof the manganese sublattie. The 57Fe Mössbauer e�et measurements ofGd(Mn0:99 57Fe0:01)O3 showed that it is in paramagneti state from 300 Kdown to 40 K and that Gd0:67Ca0:33Mn0:99 57Fe0:01O3, is in paramagnetistate down to 70 K. Below these temperatures a magneti order beginsto develop in both samples what was re�eted in progressive splitting ofMössbauer spetra with lowering temperature.Combining our XRD, magneti and 57FeMössbauer results of 57Fe-dopedand undoped Gd0:67Ca0:33MnO3 samples together with literature data [2,3℄one an infer that Mn sublattie orders antiferromagnetially with small fer-romagneti omponent at TN of about 60�70 K in this ompound. The 155GdMössbauer results show that small transferred Bhf �eld from Mn sublattie,and due to this some polarisation of Gd moments starts at TN, but sharpinrease of Bhf and an ordering of Gd moments takes plae below 25 K.The ferromagneti omponent of basially antiferromagnetially ordered Gdmoments anels small ferromagneti omponent from Mn sublattie at 25K (ompensation point). The 155Gd and 57Fe Mössbauer measurement ofGd(Mn1�y 57Fey)O3, where y = 0, 0:01, showed learly that Mn and Gdmagneti moments order at about 40 K and 20 K, respetively. The neu-tron di�ration measurements of TbMnO3 (the adjaent ompound in theseries of rare earth manganites) showed that this ompound develops an in-ommensurate sine-wave ordering of Mn moments at 40 K and a short rangesine-wave ordering of Tb moments at 7 K [5℄. It seems natural to expet thatalso this type of omplex sine-wave magneti strutures appear in GdMnO3at about 40 K and 20 K.This researh was supported by the Polish State Committee for Sienti�Researh (KBN) grant No. 2 P03B 042 18 and by the Faulty of Physis andNulear Tehniques, University of Mining and Metallurgy.REFERENCES[1℄ E. Dagotto, T. Hotta, A. Moreo, Phys. Rep. 344, 1 (2001).[2℄ G.J. Snyder, C.H. Booth, F. Bridges, R. Hiskes, S. DiCarolis, M.R. Beasley,T.H. Geballe, Phys. Rev. B55, 6453 (1997).[3℄ L.E. Hueso, J. Rivas, P. Sande, A. Fondado, F. Rivadulla, M.A. López-Quintela,J. Magn. Magn. Mater. 238, 293 (2002).[4℄ O.Y. Troyanhuk, N.V. Kasper, H. Szymzak, A. Nabiaªek, Low Temp. Phys.23, 300 (1997).[5℄ S. Quezel, F. Theou, J. Rossat-Mignod, G. Quezel, E. Roudaut, Physia B86-88, 916 (1977).


