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Summary y 

Thee work described in this thesis is a study of the thermal and magnetic properties of 
severall  systems of intermetallic compounds: UTGe (T = Ni, Rh, Ir), DyCu2, UPdiAU. 
URu2Si2,, UPt, UNi, xRhxAl and RT4A1X (R = rare-earth element, T = Cr, Mn, Fe, Cu). In the 
investigatedd systems, several features of the magnetism of U and R atoms in metals were 
studied.. Specific-heat measurements at low temperatures and in high magnetic fields offer an 
excellentt opportunity to observe phase transitions which are not or barely visible in standard 
magneticc measurements. 

Afterr a general introduction in Chapter 1, the theoretical aspects of our research are 
describedd in Chapter 2 with special attention to the relevance of specific-heat measurements in 
highh magnetic fields to heavy-fermion physics. In Chapter 3, the experimental techniques used 
aree described. The newly developed specific-heat set-up for measurements below 1 K and in 
appliedd magnetic fields up to 17.5 T, generated by a superconducting magnet, is emphasized; 
itss construction and operation are described. In particular, detailed attention is given to the 
designn of the sample holder and to the thermometry. 

Inn the first part of Chapter 4, attention is focussed on the electronic properties of a few 
UTGee systems crystallizing in the orthorhombic CeCu2 structure. To account for the strong 
magnetocrystallinee anisotropy, all measurements were performed on single crystals. In these 
systems,, anomalous temperature dependence of the specific heat is found. In the case of 
UNiGe,, complex magnetic phase diagrams for the b- and c-axis orientations have been 
established.. From specific-heat measurements, we find a paramagnetic to ferromagnetic phase 
transitionn for a magnetic field applied along the c-axis. which is not visible in standard 
magneticc measurements. It seems that the occurrence of this phase transition is intimately 
relatedd to the complexity of this system. URhGe orders ferromagnetically at Tc= 9.6 K and 
thee specific heat shows anomalous low-temperature behaviour which can be described well by 
ordinaryy ferromagnetic magnons. The huge magnetocrystalline anisotropy characteristic for U 
compoundss is well reflected in the field dependence of the specific heat of URhGe. 
Magnetizationn measurements show that the b- and the c-axis form an easy-magnetization 
plane.. In UlrGe single crystal, a sharp maximum occurs at 14.4 K and a smaller feature at 
16.22 K. The smaller anomaly at 16.2 K is only found for the single crystal. A possible 
explanationn for the double transition in the case of the single crystal is that the physical 
propertiess of surface and bulk region are different. With increasing magnetic field, all 
anomaliess shift to lower temperatures suggesting an antiferromagnetic ground state to exist in 
UlrGee at low temperatures. In the second part of Chapter 4, the intermetallic compound 
DyCu22 which crystallizes in the CeCu2 structure is described. This compound shows a 
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conversionn of the magnetic 'Ising axis' in high magnetic fields. By specific-heat 

measurements,, we have obtained a perfect conversion cycle in DyCu2. 

Chapterr 5 is devoted to the description of the magnetic properties of heavy-fermion 

systemss and related compounds. An attempt has been made to obtain a compatible picture of 

thee magnetism in UPd2Ah and URu2Si2 heavy-fermion superconductors. To get a better 

insightt in the character of the metamagnetic transition in UPd2Ah, we have studied the 

specificc heat in high-magnetic fields. The anisotropy field is found to be of the order of 800 T, 

whichh agrees well with the very high values in other intermetallic U compounds. Our specific-

heatt data show a remarkable correlation with the 5f configuration of U3+ (J = 9/2). In 

URu2Si2,, the specific heat in high magnetic fields was measured. The presence of a large jump 

inn the specific heat at the antiferromagnetic transition (TN = 17.5 K) seems hard to reconcile 

withh the small, dipolar-ordered, moment. This suggests that the magnetic-order parameter in 

URu2Si22 may involve both dipolar and quadrupolar components, where the well-defined 

magneticc excitations are related to the quadrupolar component. From the existence of the 

Schottky-typee of anomaly in the magnetic specific heat of URu2Si2. we infer that URu2Si2 is 

likelyy to possess strongly localized 5f electrons. In the series of U-Pt compounds, the large 

valuess for the electronic term in the specific heat indicate that at low temperatures the 5f 

electronss contribute to the density of states at the Fermi level. Here, we have studied the 

specificc heat of a UPt single crystal in high magnetic fields. It is the first time that UPt has 

beenn prepared as single-phase system. Ferromagnetic order below 28 K has been observed. 

Fromm the temperature dependence of the bulk properties, it can be concluded that this 

dependencee is strongly influenced by ferromagnetic magnons with a gap (about 22 - 35 K) in 

theirr dispersion relation. The existence of an energy gap can explain the rather controversial 

observationss of the low-temperature properties of UPt. It is not surprising that the size of the 

gapp is strongly sample dependent since it is very difficult to prepare UPt as single-phase 

system.. Finally, magnetic and specific-heat measurements on UNi|_xRhxAl are discussed in 

thee context of a varying strength of the f-d hybridization. The x-T magnetic phase diagram of 

UNi MRhxAII  turns to be different from what one usually finds for a system of solid solutions 

betweenn an antiferromagnetic and a ferromagnetic terminal compound. For the compound 

withh x = 0.33. we found that all investigated physical properties deviate from the temperature 

dependenciess expected for Fermi-liquid systems. The logarithmic divergence of C/T signals 

non-Fermi-liquidd behaviour. 

Thee physical properties of a series of RT4AIN compounds with various R elements and 

TT = Cr. Mn, Fe or Cu is the subject of Chapter 6. Their magnetic properties show a large 

varietyy of behaviour which depends strongly on the T component and varies between absence 

off  magnetic ordering above 1.6 K for T = Mn and magnetic-ordering temperatures well above 

1000 K for T= Fe. These properties have been determined by specific-heat and magnetization 

measurements.. We have shown that magnetic ordering in RCr4Al *  with R = La. Ce, Pr. Gd, or 

Er.. occurs at fairly low temperatures. The compounds with R = Gd and Er, order magnetically 

aroundd 6 K and 0.5 K. respectively. No magnetic ordering was observed in the compound 

PrCr4Al K.. As regards RMn4Al x compounds with R = Y, La. Pr. Nd. Dy or Er. we have shown 
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thatt magnetic ordering in PrMn4Al*  occurs at about 14 K. This high ordering temperature is 
veryy surprising in these materials since Pr is very likely associated with a non-magnetic singlet 
groundd state, as is frequently observed for Pr compounds. In the other RMn4Al*  compounds 
withh a magnetic R component, magnetic ordering, if any, occurs for much lower temperatures, 
e.g.. below 1.7 K in NdMn4Aix and DyMn4Als. and below 0.5 K in ErMn4Alx. The influence 
off  the magnetic field on the position of the maximum observed on the zero-field specific-heat 
curvee of ErMn4AlK suggests that the crystalline-electric-field (CEF) splitting is dominated by a 
doublet.. Such an explanation fails for the case of ErCr4Al x. Compounds with T = Fe have 
gainedd much interest because the Fe atoms carry a magnetic moment and the Fe-Fe interaction 
leadss to comparatively high magnetic-ordering temperatures, often in excess of 100 K. It is 
surprisingg that the magnetic-ordering temperatures do not show up as an anomaly in the 
specific-heatt curves. We have studied the magnetic entropy reached at 200 K and compared 
thiss with the corresponding values of Rln(2J+l) (R: gas constant) expected in the 
paramagneticc regime if the thermal populations of the CEF split states are equals. We have 
foundd that there is good agreement between the experimental and calculated entropy values. 
Finally,, we have performed specific-heat measurements on the RCu4Al*  compounds with 
RR = Ce, Er and Y, The specific heat of CeCu4Al x shows a pronounced peak at 4.8 K, which 
mayy be associated with the occurrence of antiferromagnetic ordering. This material displays 
ann even greater variety of low-temperature anomalies. Specific-heat results are compared with 
thee canonical heavy-fermion compound CeAh. The data for ErCu4Alx are characterized by a 
sharpp anomaly at 5.2 K attributed to antiferromagnetic ordering. A numerical analysis of the 
specific-heatt data of ErCu4Al*  is made and the results compared with the available inelastic-
neutron-scatteringg results. 


