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Chapterr 1 

Introduction n 

Itt can be said that the research of magnetism in the Western hemisphere 
datess back to the year 1600, when William Gilbert published his magnum 
opuss "£)e magneté' [1]. This book is one of the first scientific accounts of 
variouss aspects of magnetism. Besides describing a number of experiments, 
Gilbertt also describes the magnetic properties of the naturally occurring 
permanentt magnet lodestone. By using shaped pieces of lodestone, he was 
ablee to show how the declination of a compass needle, located in a special 
instrumentt called instrumentum declinationis, changes as it is moved around 
thee lodestone. 

Lodestonee is magnetite (Fe304, or a modification thereof), that has been 
subjectt to a high magnetic field, making it permanently magnetized. Re-
cently,, experiments have shown, that the high magnetic field necessary to 
magnetizee the lodestone may have been caused by lightning, striking near 
magnetite-oree deposits [2]. 

Somee of the basic requirements for a good permanent magnet are a large 
magneticc moment, a high ordering temperature, and a large magnetocrys-
tallinee anisotropy (See e.g. Refs. [3,4]). The strength of the permanent 
magnett is provided by the large magnetic moment. The high ordering tem-
peraturee makes it useful around room temperature. The large magnetocrys-
tallinee anisotropy causes the magnet to, simply put, remain magnetized. 

Thee magnetic-ordering temperature of magnetite, the Curie temperature, 
iss high and it has a large magnetocrystalline anisotropy. However, the mag-
neticc moment is fairly low, making it a good but not a strong magnet. The 
reasonn for the low magnetization of magnetite is the partially antiparallel 
configurationn of the atomic magnetic moments. 

Thee magnetization of a permanent magnet is provided by the atomic 
magneticc moments. In a ferromagnet, all atomic moments point in the same 
direction.. However, in magnetite, a ferrimagnet, we discern two different 
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lattices,, sublattices, of magnetic moments. Within each sublattice the mo-
mentss are parallel. The sublattice moments are aligned antiparallel with 
respectt to one another. In other words, the atomic moments do not all point 
intoo the same direction. For a detailed description of the magnetic properties 
off  magnetite, we refer to Ref. [5]. 

Modern,, man-made, permanent magnets are ferromagnetic. The strong-
estt magnets are intermetallic compounds of a rare-earth element and tran-
sitionn metals, like iron or cobalt. Well-known examples of such compounds 
aree Nd2Fei4B and SmCo5. The large moment is provided by the iron or the 
cobalt,, as is the high Curie temperature. The high anisotropy is largely due 
too the rare-earth element. These properties are linked because the rare-earth 
magneticc sublattice is magnetically coupled to the iron or cobalt magnetic 
sublattice. . 

Thee chemical properties of the rare-earth elements are very similar. Usu-
ally,, when an intermetallic compound exists for a certain rare-earth element, 
thiss rare-earth element can be replaced by another. The magnetic proper-
tiess of the rare-earth atoms in compounds are also related. Therefore, when 
studyingg the properties of an intermetallic compound with a certain rare-
earthh element, some conclusions can be drawn about the compound with 
anotherr rare earth. 

Thee compounds with light rare-earth elements (Pr, Nd, Sm) are ferro-
magnetic,, while those with heavy rare earths (Gd, Tb, Dy, Ho, Er, Tm) 
aree ferrimagnetic [6]. The ferromagnetic compounds may be interesting for 
applications,, because they make the stronger magnets. 

Ass has been said before, good permanent magnets have a large mag-
neticc moment, a high ordering temperature, and a large magnetocrystalline 
anisotropy.. In this thesis, we will discuss magnetic properties of ferrimagnet 
rare-earthh (R) - transition-metal (T) compounds. We are mainly interested 
inn the magnetocrystalline anisotropy and the exchange coupling between the 
rare-earthh and the transition-metal moments. From earlier experiments it is 
knownn that this coupling is best observed in ferrimagnets. 

Thee interplay of magnetic anisotropy and intersublattice coupling in R-T 
compoundss may lead to a rich variety of magnetic properties. We tried to 
investigatee these properties more profoundly, by using various experimental 
methods.. We have chosen three compounds with extraordinary behavior, of 
whichh single-crystalline samples were made. All three compounds crystallize 
inn the ThMni2-type of crystal structure. In the remainder of this chapter 
thiss crystal structure is discussed. 

Thiss thesis is organized as follows. In Chapter 2, we give a model de-
scriptionn and a brief theoretical outline of the magnetism in ferrimagnetic 
R-TT compounds. In Chapter 3, a description of the employed experimental 
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equipmentt is provided. In Chapter 4, we discuss the magnetic properties of 
thee compound HoCoi0Ti 2. This compound shows distinctly different mag-
netizationn processes, depending on the direction of the applied field. Most 
prominentt is a large jump in magnetization that occurs when the field is 
appliedd parallel to the easy magnetization direction. In Chapter 5, we dis-
cusss the magnetic behavior of the compound DyCoi0V 2. In this compound, 
largee coercivities result in history dependent magnetization behavior. Fur-
thermore,, the canting of the moments away from the easy axis below the 
spin-reorientationn temperature leads to an increase of the total magnetiza-
tion.. In Chapter 6, we discuss a three-dimensional magnetization process 
thatt occurs during the first-order magnetization process in the compound 
HoFenTi. . 

1.11 The ThMrii2-type of crystal structure 

Figuree 1.1: ThMn\2-type of crystal structure (after [7J) In the RT\2-XMX com-
pounds,pounds, the 2a position is occupied by R atoms, the 8f and the 8j positions are 
occupiedoccupied by the T atoms, Fe or Co, and the 8i position is shared by the T atoms, 
FeFe or Co, and the stabilizing M atoms (in the present work, Ti or V). 

Beforee discussing the magnetic properties in the following chapters, we 
wil ll  briefly describe the crystal structure of the R - T intermetallic com-
poundss subject of this thesis. The RT^-xM^, compounds crystallize in the 
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body-centeredd tetragonal ThMni2-type of crystal structure (IA/mmm, num-
berr 139). For more details, see e.g. the review by Suski [8]. For the com-
poundss studied in this thesis, the lattice parameter a varies between 0.834 
(forr DyCoi0V2) and 0.847 nm (for HoFenTi), and the lattice parameter c 
variess between 0.465 (for HoCoi0Ti2) and 0.477 nm (for HoFenTi) [8]. Pure 
RFei22 or RCoi2 do not form [9]. Therefore, a stabilizing element (M) is 
needed. . 

Inn the ThMni2-type crystal structure, four different crystallographic po-
sitionss are occupied. The R ions occupy the 2a position. The T ions and the 
MM ions share the 8/, Si and Sj positions. A schematic drawing of the ThMni2-
typee of crystal structure is provided in Figure 1.1. The atomic positions in 
thee unit cell are for 2a: (0,0,0), for 8/: (1/4,1/4,1/4), for 8»: (a*,0,0), and 
forr 8j: (XJ, 1/2,0). The values for Xi and Xj are, as for the prototype com-
poundd ThMn12 [10], near 0.36 and 0.28, respectively (See e.g. Refs. [8,11], 
andd Chapters 4 and 5). 

Forr different stabilizing elements, there exist different stabilization ranges. 
Mostt of the stabilizing elements have a preference for one specific crystallo-
graphicc position, which may be inferred from thermodynamical arguments 
andd size effects [12,13]. For example, in the compound HoCoioTi2, Ti occu-
piess half of the Si positions, and in the compound ErFegGag [14], Ga occupies 
fullyy the Si positions and half of the Sj positions. 

Thee occupancy of the Si position is important for the magnetic properties 
off  the compounds under consideration. First of all, because the 8i position 
hass the largest number of T-metal nearest neighbors [8,12], the magnetic 
momentt at this position can be considerable. Second, the atoms at the 
SiSi positions form, together with the atoms at the 8j positions, part of the 
nearest-neighborr shell surrounding the R ions [15]. Therefore, they may 
influencee the crystal-field-induced magnetic anisotropy of the R moment. 

Notee that the R ions occupy only one crystallographic position in the 
ThMni2-typee of crystal structure. For this reason, compounds with this crys-
tall  structure are good candidates to investigate the influence of the surround-
ingss on the rare-earth magnetic properties. This is unlike the Nd2Fei4B-type 
compounds,, where the occurrence of R ions at two different crystallographic 
sitess may necessitate the use of separate descriptive parameters for both 
sitess [16,17]. 


