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Summary y 

Thee magnetic ordering in intermetallic compounds is determined by the interactions 

betweenn the magnetic moments of the constituent atoms. The understanding of the 

magneticc interactions is, therefore, crucial in fundamental as well as technological 

investigationss in this area of materials physics. The study of rare earth-transition metal 

compoundss has been flourishing since more than three decades and continues to evolve. 

Thiss thesis is aimed, in the first place, at adding information on the magnetic exchange 

couplingss between the rare earth moments (R-R interactions) in this class of materials. For 

thiss purpose, we have chosen the Gd-based compounds in which only Gd atoms carry a 

magneticc moment. Because of the S-character of the 4f electrons of Gd, crystalline electric 

fieldd effects can be minimized and the magnetic properties are expected to be ruled by the 

exchangee interactions between the Gd moments. From this point of view, a generalized 

molecular-fieldd model has been developed for isotropic Gd systems. In this model, 

magneticc structures with equal moments are shown to be preferred. When order sets in, in 

thee considered systems with translation symmetry, an antiferromagnetic structure will be 

formedd which can be described with a single wave vector: a single q mode. This mode can 

bee combined with a 0 mode in the presence of a uniform magnetic field. In this way, not 

onlyy various simple structures based on a division in sublattices can be described, but also 

helicall  magnetic structures. The model also takes into account the interactions between the 

raree earth system and an itinerant electron band. Physical properties such as magnetization 

andd specific heat as functions of temperature and applied field are calculated 

quantumechanicallyy for the rare-earth system and phenomenologically for the band. The 

factt that different properties, such as magnetization and specific heat, can be described 

withh one set of parameters makes the model very powerful. 

Magneticc properties and specific heat of the GdT^Gê (T = 3d, 4d) family were studied for 

aa large number of compounds. The experimental results show that all of them have an 

antiferromagneticc nature with the Néel temperatures ranging from 9.3 K to 93 K. On the 

onee hand, for Fe, Co, Cu and Rh compounds, the reciprocal susceptibility as a function of 
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temperature,, the magnetization as a function of applied field at 4.2 K and the specific heat 

ass a function of temperature in various applied fields can be reproduced very well by the 

generalizedd molecular-field model. On the other hand, multiple magnetic phase transitions 

weree found for Ni, Ru and Pd compounds from the specific-heat and magnetization 

measurements.. In terms of our model, this would mean a change of the ordering modes in 

thee ordered region. Although, in principle, the model can be extended to cope with the 

situation,, for the sake of clarity, in this thesis, only a simple version is applied. For these 

compounds,, the magnetic phase diagrams have been constructed based on the experimental 

results.. In general, an induced contribution of the itinerant band to the total magnetization 

wass observed. This contribution is especially significant for Fe and Co, which is most 

likelyy due to the 3d electrons of the transition metal. 

Magneticc properties of another family of Gd-based compounds, i.e. GdT4Al8 (T = Cr. Mn, 

Fe.. Cu) have also been studied. The influence of the site occupancy of the T atoms in the 

ThMni22 structure on the magnetic behavior when the Al atoms on the 8j site are partially 

replacedd by the T atoms has been investigated by including a study of GdT6Al6 (T = Mn, 

Fe,, Cu) compounds. GdT4Al 8 (T = Cr, Cu) compounds order at temperatures below 34 K. 

Thee C/T vs T curves (C: specific heat, T: temperature) of GdMn4Al s measured in a wide 

rangee of applied fields show that only a short-range magnetic order exists below 2 K. The 

overalll  magnetic interaction in these compounds are fairly weak. The results obtained on 

GdMnóAUU and GdCu6Alö show that, in comparison to the corresponding GdT4Als 

compounds,, the magnetic ordering temperature increases from 2 K to 36 K for Mn, and 

decreasess rather strongly from 34 K to 10K for Cu. However, the overall Gd-Gd 

interactionn in both types of stoichiometry is not notably different. A good fit was obtained 

forr the experimental data of GdCr4Al8, GdCu4Al8 and GdCu^Alf, using the generalized 

molecular-fieldd model. We also compare the magnetic properties of GdFe4Al8 and 

GdFe6Al6.. For GdFe4Al8, a previous Móssbauer study has shown that the Fe sublattice 

orderss magnetically at around 165 K. whereas our magnetic data indicate that the magnetic 

contributionn of the Gd sublattice becomes significant only at temperatures below 50 K. An 

anomalyanomaly at about 25 K is observed in the C/T vs T curve of this compounds, which is 

relatedd to the magnetic ordering of the Gd sublattice. It seems that the magnetic moments 

onn the Gd and Fe sublattices interact in a complex way, although on the basis of our 

results,, no definite conclusion can be drawn. In GdFe6Al6. the increase in the Fe 

concentrationn leads to a high magnetization of the Fe sublattice. The compound behaves as 
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aa ferrimagnetic material of which the Curie temperature (7c = 345 K) is dominated by the 

Fe-Fee interaction. This is further evidenced by the fact that almost the same magnetic 

orderingg temperature is observed for GdojYo^FeöAlf,, in which the magnetic dilution of the 

Gdd sublattice is up to 30%. 

Inn the last chapter, the research was extended to the magnetic behavior of a single crystal 

TbFe4.4Al7.6-- This is a more complicated case because, firstly, the Fe atoms also carry a 

magneticc moment and, secondly, the Tb subsystem is expected to exhibit 

magnetocrystallinee anisotropy. A large thermal-history effect was observed when the 

magnetizationn was measured along the [100] direction in the zero-field cooling (ZFC) and 

fieldd cooling (FC) modes. The magnetization loops measured along the main 

crystallographicc axes at 4.2 K show that the compound behaves as an antiferromagnetic 

materiall  in low fields. The total magnetization vector prefer to lie in the basal plane. These 

resultss are consistent with the neutron diffraction data obtained previously for a TbFe4Al8 

polycrystallinee sample. At 4.2 K, when the applied field is along the [100] direction, a 

field-inducedd transition is observed at around 4.2 T from the antiferomagnetic state to a 

ferrimagneticc state, in which the Tb magnetization is opposite to the Fe one. This transition 

iss accompanied by a large orthorhombic distortion eaa = -ebh ~ 3.5><10"4, that is associated 

withh a magnetic hardness |io#c ~ 3 T. The magnetization process above the field-induced 

transitionn has been studied on a free-powder sample in applied fields up to 38 T at 4.2 K. 

Thee magnetic isotherm shows a strong increase in magnetization around 30 T. In the 

simplee ferrimagnetic structure, such a change of slope is indicative for the formation of a 

non-collinearr configuration. From the slope, a value of -6.5 Tf.u./uB was derived for the 

molecular-fieldd coefficient «TbFe-

http://TbFe4.4Al7.6
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