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Chapterr 1 
Motivation n 

Inn modern society, the applications of magnetic-field devices are countless [1.1). They 
rangee from small stepping motors in watches through recording devices and transformers to 
large-scalee applications of superconducting magnets in medical screening NMR equipment 
andd transport by levitation. High-magnetic fields are mostly applied in physics research to 
controll  the motion of charged particles by the Lorentz force. Accelerator technology is a well-
establishedd example. High-magnetic fields play a crucial role in materials science. Firstly, by 
studyingg the effect of a field on material properties, one can learn more about that material; 
secondly,, the combination of novel materials and strong magnetic fields may potentially lead 
too new physics. Magnetic fields have featured extensively in the study of materials [1.2], 
Theree are classical and quantum mechanical reasons for this. Firstly, a magnetic field affects 
bothh orbital and spin degrees of freedom, thereby enabling investigations into how a material 
propertyy evolves as the charge and spin dynamics are altered by the field. Secondly, the 
quantizingg effect of a magnetic field enables direct characterization of a material electronic 
structuree through various spectroscopic techniques. By affecting the orbital and spin dynamics 
inn solids, magnetic fields may induce abrupt changes in the thermodynamic properties of a 
systemm - a phase transition. A classic example of this is the pair breaking effect in a 
superconductor,, i.e. magnetic fields destroy superconductivity. 

Inn this thesis, the development of a set-up [ 1.3, 1.4] for specific-heat measurements below 
11 K and in applied magnetic fields up to 17.5 T, generated by a superconducting magnet, is 
described.. High-field studies of the specific heat were limited to materials that have a rather 
highh electrical resistance, as in these systems eddy-current heating due to field fluctuations in 
Bitter-typee magnets is of minor influence. The availability of superconducting magnets 
generatingg fields exceeding 10 T has opened new research opportunities for studies of 
metamagnetismm and anisotropy driven magnetic transitions. From high-field magnetization 
measurements,, many systems are known to undergo spin-reorientations transitions into a 
forcedd ferromagnetic state. By studying the thermal effects accompanying these phenomena, 
onee can gain insight in the nature of these transitions. 

Usingg the 17.5 T specific-heat set-up. investigations of the influence of magnetic fields in 
severall  U-based and rare-earth (R) intermetallic compounds are demonstrated. The goal of 
thiss thesis is to contribute to the fast growing field of magnetism in U ternary compounds in 
onee frame-work, in particular to study the strong magnetocrystalline anisotropy and the 
hybridizationn of the 5f states with other conduction-electron states. The strong 
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magnetocrystallinee anisotropy is observed in all U compounds exhibiting a 5f contribution to 
thee magnetic moments and is not restricted to magnetically ordered materials. Magnetic 
anisotropyy studies are usually limited only to rarely available single crystals of U compounds. 
Therefore,, more systematic information on actinide materials is still lacking. Materials with a 
uniaxiall  structure (hexagonal and tetragonal) are of particular interest for offering the 
possibilityy of unambiguous interpretation of experimental results from magnetization 
measurementss in applied magnetic fields. Hybridization of the 5f states with ligand states 
revealss various interesting magnetic and other physical properties. 

Thee strong magnetocrystalline anisotropy is represented, e.g.. by UPd2Ah. which is a 
heavy-fermionn (HF) superconductor. It adopts the hexagonal PrNi:Al.Hype of structure and 
thee U-atoms form a triangular network within the basal plane. The c-axis is the hard 
magnetizationn axis. A metamagnetic transition is found if the field is applied within the basal 
plane.. Further examples of this behaviour are, e.g. UTGe compounds with T = Co. Rh. Ir. Ni. 
Pdd and Pt which crystallize in the orthorhombic CeCu^-type of structure. 

UTA11 compounds in which T is a late transition metal of the 3d. 4d or 41' series represent 
thee hybridization case. These compounds exhibit the hexagonal ZrNiAl-type of structure. 
Theyy are ranging from Pauli paramagnetism in the strong-hybridization limit (UFeAl) across 
spin-fluctuationn features (UCoAl. URuAl) to various types of magnetic ordering of U nearly 
localizedd moments. 

Topicss of current interest in this thesis are also related to crystalline-electric-field (CEF) 
interactionss in R-3d intermetallics. For R compounds, the CEF splitting of the (2J+1) 
degeneratee ground state is typically of the order of a few hundred kelvins. The thermal 
populationn of the excited CEF levels is observed as a Schottky anomaly in the specific heat 
andd knowledge of a well-defined CEF-level scheme is necessary to accurately subtract this 
contributionn to allow a meaningful interpretation of the remainder. 

Withh the above brief overview of the terms and concepts that have been important for our 
investigations,, we now briefly summarize the contents and focal points of the thesis and their 
relationn to the just-introduced notions. 

Inn Chapter 2. some important features of the field dependence of the specific heat to HF 
physicss are summarized. In addition, we introduce a phenomenological CEF model for rare-
earthh intermetallic compounds. 

Thee experimental techniques developed and used in the present investigations are 
describedd in Chapter 3. In particular novel is the 17.5 T superconducting magnet combined 
withh a 'He specific-heat set-up that recently has been constructed. This chapter contains an 
overalll  description of the experimental set-up and block diagrams of the equipment used. 
Followingg the chronology of the research, a number of pure metals and systems that were 
importantt for the testing of the apparatus and for the construction of the supporting equipment 
aree demonstrated. 

Inn Chapter 4. a systematic study of the orthorhombic CeCu:-type compounds is presented. 
Thee study has been focused on three UTGe (T = Ni. Rh and Ir) compounds. In order to 
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investigatee the strong magnetocrystalline anisotropy. the experiments were performed on 

single-crystallinee samples, which were of high quality. Among the R intermetallic compounds 

RCu:: with the CeCu2-type orthorhombic crystal structure, DyCui shows a distinct 

metamagneticc transition if the magnetic field is applied along the c-axis, which is associated 

withh a field-induced magnetic easy-axis conversion. In order to further investigate this 

interestingg phenomenon in DyCu2, we have studied the specific heat as a function of 

temperaturee in different magnetic fields applied along the a- and c-axis. 

Inn Chapter 5, firstly, single crystals of UPdzAh and URu^Sî  HF superconductors have 

beenn examined. These materials exhibit a clear interplay between magnetism and 

superconductivity.. Both compounds order antiferromagnetically before becoming 

superconductingg at lower temperature. Secondly, a specific-heat experiment on a UPt single 

crystall  is presented and analyzed. Ferromagnetism, possibly of itinerant nature, has been 

observedd for UPt. The strong magnetic anisotropy and the complex magnetic structure of UPt 

pointt to a localized type of magnetism. Finally, the properties of a quasi-ternary series of 

hexagonall  intermetallic compounds with the formula UNii_vRhxAl have been studied. With 

thee development of the magnetic ordering in this series of compounds, the dependence of 

magnetismm on the hybridization can be studied. In particular, the compound with composition 

UNio.67Rho.33All  shows low-temperature anomalies that cannot be explained solely within 

Fermi-liquidd theory. We have found that UNio.67Rho.33Al is another U-based alloy, which 

exhibitss non-Fermi-liquid behaviour down to the lowest temperatures where we could perform 

measurements. . 

Inn Chapter 6, the magnetic and other electronic properties of compounds of a family of 

intermetallicc compounds of the type RT4AIX where R is a rare-earth element or Y and where T 

representss Cr, Fe, Mn or Cu, which crystallize in the ThMni2-type of structure are presented. 

Thesee properties were determined by specific-heat and magnetization. Also, a comprehensive 

revieww of CEF interactions in stable lanthanide intermetallic compounds is presented. For this 

purpose,, the CEF model (mean-field approximation) has been successfully used to analyze the 

long-rangee magnetic order, where it exists, of the R moments at low temperatures. As an 

example,, specific-heat data of ErC^Als compound is used as a model where the CEF 

parameterss are known from inelastic-neutron-scattering (INS) measurements and consequently 

thee CEF level scheme is compared with the one determined from INS experiments. 

[1.1]]  See for example. H.J. Schneider-Muntau in "High-Magnetic Fields: Industry, Materials and 
Technology".. National High Magnetic Field Laboratory, Tallahassee-Florida, 1996 

[1.2]]  For additional information about high magnetic fields in material science see: 
http://www.physics.montana.edu/magnet/highmag/index.htm m 

[1.3]]  J.C.P. Klaasse, Rev. Sci. Instrum. 68 f 1997) 89 
[1.4]]  J.C.P. Klaasse, I.H. Hagmusa and E. Briick. Rev. Sci. Instrum. 68 (1997) 4208 
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