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Chapter 1 

General introduction 

1.1 Motivation 

The electron-type of superconductivity in Ndi.ssCeo.isCuO.j-,; has been discovered by 

Tokura et al. [1]. This compound was found to exhibit interesting and distinct proper

ties compared to the hole-type of superconductivity in La185Sro.i5Cu04, a compound 

with a similar basic composition. Both compounds belong to the so-called 214 family 

with a single layer of C u 0 2 in the chemical unit cell. Since that discovery, extensive 

investigations have been conducted on R2Cu04 in order to produce superconductivity, 

resulting in a new cuprate family of R2-.rM3.CuO4 where R = Pr, Nd, Sm, Eu and 

M=Ce,Th [1-4] 

Compared to other cuprates, this electron-type of superconductor has a relatively 

low Tc, and a low critical field Hc2. While being less interesting from a practical point 

of view, these features allow easily accessible measurements over the entire range of 

temperature and field in the superconducting regime. Besides, lower Tc means smaller 

thermal fluctuation near Tc, which offers an advantage in the fundamental study of the 

superconducting mechanism in the cuprate compounds. Furthermore, the degree of 

anisotropy happens to lie in between those of YBa2Cu307_,5 and Bi2Sr2Ca„Cu„+102n+2 

(n=1.2) which provides the possibility for a more comprehensive study on the vortex 

state. In the hole-type superconductor, there are two apical oxygen atoms located 

between the C u 0 2 layers (T type of structure), whereas the electron-type compound 

has no apical oxygen in its structure (T ' type). In the case of Nd2_3;Ce.TCu04 (NCCO), 

the superconductivity (SC) depends sensitively on both the Ce and O concentrations. 

The SC composition range in the electron-type system extends from x = 0.13 up to x = 

0.18 while the antiferromagnetism (AF) range is still a subject of further investigation. 

Elastic neutron scattering indicates that AF disappears at x = 0.08 [5] while the /i-SR 

data suggest that it can survive up to x=0.13 [6]. Recent infrared data show that AF 

can still persist up to x=0.15 [9]. These characteristics are in remarkable contrast to the 

hole-type superconductors such as La 2 _ J Sr I Cu04 (LSCO) in which SC is found in the 

range 0.06 < x < 0.3 whereas x does not go beyond 0.02 for the antiferromagnetic state 
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[7]. It has been suggested that superconductivity in the electron-type superconductors 

depends on the concentration of Ce and on the reduction of the oxygen content. In 

the presence of the cerium dopant, the lattice constant c becomes smaller whereas 

the lattice constant a grows slightly, without showing a structural transition. These 

properties, however, were also found in the case of oxygen reduction. Furthermore, the 

neutron-powder-diffraction data show that in the cerium doping compound, the C u 0 2 

planes are not flat but distorted by oxygen displacements of magnitude < 0.1 A [10]. 

These features make the electron-type cuprate a most intriguing material to study. 

Another important aspect related to the above-mentioned factors is the role of the 

localized /-electrons at the rare earth cations. It is well know that these /-orbitals 

are the major source of magnetic anisotropy. They are also expected to have a strong 

influence on the normal-state properties. Nevertheless, the results of studies on this 

subject have so far been unsatisfactory, partly due to the complexity of the associated 

crystalline electric field (CF). Among the rare earth elements, Nd happens to be one 

of the simplest systems since the lowest multiplet energy levels, 4ƒ, are well separated 

from the excited levels. The Kramers doublet splittings in the J multiplets are clearly 

observable. The origin of the splittings is nothing but a magnetic exchange between 

the Nd ion and the antiferromagnetic Cu ions. In the case of Ce doping, the effect of 

the local distortions on the CF of the Nd3 + sites and the observation of the Kramers 

doublet splittings have produced a further insight into the intrinsic properties. 

1.2 Aims and scope of this thesis 

Despite the large number of results obtained from studies on the 214 family of com

pounds, some basic issues remain to be addressed. The major problem in dealing with 

this system is the quality of the sample. The poor quality of the crystals is mostly due 

to the inhomogeneous distribution of Ce and oxygen. In order to study the intrinsic 

properties of the system, these problem must be overcome. In this thesis, a series of 

well-defined structure and chemical composition of Nd2-.TCe^Cu04 single crystals with 

various Ce doping denoted by x =0.0, 0.08, 0.13, 0.15 and 0.20 was prepared as a start

ing point in this project. In contrast to the hole-type superconductors where the dopant 

concentration required for the occurrence of superconductivity is inevitably larger than 

its value for the disappearance of antiferromagnetism, the electron-type superconduc

tors generally sustain their antiferromagnetic property for the doping concentration x 

beyond the value required for the appearance of superconductivity. Several aspects 

related to the magnetism of the normal state are investigated by using the CF as a 

probe. The splitting of the CF levels due to the exchange interaction between Nd and 

Cu has been known to be anisotropic and strongly dependent on the antiferromagnetic 



State of the Cu spins. The unusually doping range for the antiferromagnetic state in 

the electron-type superconductor that is overlapping partially with the doping range 

for the superconductor precursor, has made the electron-type cuprates a unique and 

interesting material. It is, therefore, important to understand the influence of Ce in the 

normal state and the interplay between Ce and oxygen at the transition from normal 

state to superconducting state for the x=0.13 and £=0.15 compounds. 

Other aspects to be investigated on superconducting Nd^^CecusCuO^^ is its vor

tex state. The vortex state is characterized by the characteristic lengths, such as 

coherence length £ and penetration depth A. As the first step to look at the vortex 

state in Ndi.gsCeo.isCuO,}-,^ its characteristic lengths are investigated in the reversible 

magnetization measurements. Furthermore, the various vortex regimes in the H — T 

phase diagram are determined including the second peak effect in particular. The peak 

effect or second peak, which is known as an increasing of magnetization with increasing 

magnetic field parallel to the c-axis, has been attributed to a transition in the vortex 

solid. These studies are aimed to produce a comprehensive picture of the vortex state 

and to reveal new features which may be related to its structural characteristics in 

particular its degree of anisotropy. In addition to that, the vortex dynamics of the 

system is also studied by measuring the magnetic relaxation behavior in the entire 

temperature range covering the peak effect. The vortex states are characterized by 

their glassy exponent. 

1.3 Experiments and results 

The single crystalline Nd2-a;CexCu04 samples used in these investigation were pre

pared by the traveling solvent floating zone method using a four-mirrors furnace. The 

structural properties of the as-grown crystal as well as the reduced oxygen content were 

determined by X-ray powder diffraction and refined by the Rietveld method. 

The infrared transmission data of the Nd3 + ion in Nd2Cu04 are employed as a 

sensitive probe of the CF excitations. The Kramers doublet splittings observed in the 

infrared spectrum have a magnitude of the order of a few cm"1 , and can be employed 

to examine the anisotropic nature of the exchange interaction between Nd and Cu. A 

theoretical model of the exchange interaction which involves the contribution of the 

orbital states of the /-electrons represented by a single electron tensor operator is used 

to describe the splittings. A least square fitting of the experimental data based on this 

model indicates an important contribution of orbital mixture to the splitting magnitude 

[8]. Recent infrared transmission study shows that by Ce doping two inequivalent sites 

of Nd3 + ion are created. Each of those two Nd ions feels a different environment of 

Cu spins. One of the sites is similar to the undoped compound while the other site is 



affected by Ce doping. The observation of the Kramers doublet splittings in the Ce 

doped samples has further suggested that the antiferromagnetic state is still preserved 

till a;=0.15 Ce doping [9]. 

In this work, an investigation of the superconducting state is carried out on Ndi.ss 

Ceo.i5Cu04_ä by measuring the isothermal magnetization at various applied magnetic 

fields, the magnetic hysteresis loop for various temperatures and the in-plane resis

tance in various magnetic fields. The characteristic lengths of this superconductor are 

determined from our analysis of the reversible magnetization curve by means of the 

Hao-Clem model [11] . The activation energy of the vortex regimes is identified by 

the Arrhenius plot. The data of isothermal magnetization and the analysis of the se

cond peak on the basis of the vortex glass model, have led to a H — T phase diagram 

that identifies the peak effect region with a quasi 3D lattice state. The phase diagram 

also shows the presence of a buffer region between the decoupled 2D state and the 

liquid vortex state. This intermediate region appears to connect the features of the 

YBCO and the BSCCO systems [12]. An analysis of the magnetic relaxation data 

using Maley's method has indicated that the transition into the peak effect region is 

characterized by the change in the glassy exponents from "rigid'1 to "soft". [13] 

1.4 Additional work on YVO 

The transition-metal oxides with a perovskite structure form the basis for many 

interesting physical phenomena, not only high-Tc superconductivity, but also ferro-

electricity as well as colossal magnetoresistence. In addition to the work on the physi

cal properties of the electron-type superconductor NdL85Ceo.i5Cu04_ä, this thesis also 

includes some additional work on single-crystalline YVO3. 

A well defined composition and crystallinity of single-crystalline YVO3 was prepared 

to reinvestigate the underlying mechanism of its physical phenomena as well as to search 

for a new candidate with intriguing properties in the transition metal-oxides. The study 

of magnetic properties of single-crystalline YVO3 has shown an interesting phenomenon 

of an anomalous diamagnetism [14]. This result has been comfirmed by Nakotte et al. 

[15]. The anomalous diamagnetism occurs when the magnetization reverses its direction 

with respect to the applied magnetic field below the antiferromagnetic ordering. The 

anomalous diamagnetism in YVO3 takes place around 95 K, below its Néel temperature, 

Tjv, around 116 K. Another sign reversal of the magnetization is found around 77 K 

[14]. Beside the magnetic transitions, the magnetization study indicates that there is 

a phase transition around 200 K [16]. The studies of the crystallographic structure by 

neutron diffraction as well as the synchrotron X-ray diffraction in a single-crystalline 

sample have shown the onset of orbital ordering due to the Jahn-Teller effect around 



200 K [17]. 

In this work, the heat effect in those transitions is investigated. The specific heat 

clearly shows three transitions, in contrast to the measurement on a polycrystalline 

sample which missed the transition at 200 K [18]. The specific heat results indicate 

that the transitions around 200 K and 115 K are of a second-order type. At about 75 

K, the specific heat shows an unusual feature by a sudden drop, and, therefore, a clear 

type of phase transition can not be drawn from the data. The magnetic contribution to 

the specific heat is analyzed by taking into consideration of the lattice contribution, the 

Schottky contribution and the excess of the magnetic contribution at high temperature 

due to the strong magnetocrsytalline anisotropy. The magnetic entropy obtained by 

this consideration is close to the theoretical value for S=l. 
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