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Summary y 

Wee have presented in this thesis the results of studies on various physical properties of 

T*-- phase SmLa,.xSrxCu04.0 (x - 0.15, 0.2, 0.25) and T- phase LaL6.xNdo.4SrxCu04.6 

(xx = 0, 0.1, 0.125, 0.2) single-crystalline samples, both in the superconducting as well 

ass in the non-superconducting states. These compounds belong to the 214-family of the 

cupratee systems, which is distinct from the other cuprate systems in terms of its low Tc 

andd Hc2 values, and of its degree of anisotropy which lies between that of the 

YBa2Cu307.66 (YBCO-123) and Bi2Sr2CaCu208 (BSCCO-2212) systems. The structures 

andd properties of the cuprate superconductors in general, and the distinctive structure 

andd properties of the 214 system are described and compared in Chapter 1. Several 

unsettledd issues concerning the low-temperature structural phase transitions and the 

formationn of stripe phases associated with the charge and spin ordering which are all 

importantt for understanding the superconductivity, are reviewed in this chapter. 

Forr the purpose of this study, single-crystalline samples of these compounds were 

grownn by the travelling-solvent floating-zone (TSFZ) method, using a light-image 

four-mirrorr furnace. Details of the growth of the crystals as well as their basic and 

structurall  characterizations are described in Chapter 2. Superconductivity in the 

TT system was achieved after long annealing in a high-pressure oxygen furnace of 

2000 bar. The onset temperature of the critical transition, Tc
on, was found to be 25 and 

222 K for x = 0.2 and 0.25, respectively. A structural refinement of the XRD data 

confirmss the existence of both T- type and T- type block layers in one unit cell, and a 

perfectt site ordering of the rare-earth ions with the larger La and Sr ions occupying the 

T-- type sub-unit cell and the smaller Sm ions occupying the T'- type block layer. 

Itt is further found that this oxygenation treatment leads to an increase of oxygen filling 

att the apical sites, thus explaining the occurrence of superconductivity. The as-grown 

Sr-dopedd La, 6.xNdo4SrxCu04_s (x * 0) samples, on the other hand, are bulk 
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superconductorss with Tc - 6.5, 3 and 15 K for x = 0.1, 0.125 and 0.2, respectively. The 

resultt of the structural characterization shows a mostly linear decrease of the lattice 

parameterss a. b with increasing x, opposite to the variation of c with respect to x. 

Thee orthorhombic strain (a-b) extracted from these data is also found to decrease with 

increasingg x, with still a non-zero value at x = 0.2. These lattice changes show, 

however,, an anomaly at around the so-called magic number of x ^ 0.125, in 

concurrencee with the suppression of T, which is seen as a manifestation of the 

formationn of a static stripe phase. 

AA detailed study on the vortex system in T*- phase SmLa08Sro:Cu04-6 

(7"r
onn ~ 24 K) is described in Chapter 3. The iso-thermal magnetic hysteresis data show 

thee existence of a perceptible second-peak (SP) effect in a large temperature range up 

too Tc. The superconducting H - T phase diagram is constructed from these data. 

Thee behavior of the solid-vortex state is investigated and analyzed on the basis of 

existingg models. Additionally, the vortex dynamical behavior across this SP transition 

iss studied by magnetic relaxation data. While the temperature variation of these data is 

consistentt with the thermal-disorder-induced decoupling-transition of the vortices in 

thee conducting Cu02 planes, its field dependence indicates a crossover from elastic to 

plasticc vortex creep, associated with the motion of dislocations in the vortex lattice. 

Thee characteristic parameters of the vortex system are obtained by analyzing the 

temperature-dependentt reversible magnetization data. The data outside the critical 

fluctuationn region follow closely the Hao-Clem model in a large temperature range of 

11.255 < T < 21 K with a virtually constant Ginzburg-Landau parameter K = 72. 

Thiss analysis also yields a set of intrinsic parameters consisting of 

//,,(0)) = 10.93 x 104 Oe, ^,(0) = 54.89 A and \ah(0) = 3952 A, in addition to y = 47 

obtainedd by analyzing the Hm(T) line. The data in the critical fluctuation region close 

too TL or to the Hc2(T) line, on the other hand, were analyzed on the basis of a 2D scaling 

theoryy developed by Tesanovic et al. A comparison of the resulting thermodynamic 

criticall  field, HAT), with that obtained according to the Hao-Clem model provides a 

usefull  clue as to the role of thermal fluctuation effects on the magnetization data in the 

criticall  region, in agreement with the occurrence of a crossing point at 

(M*,f)(M*,f)  = (-0.43 G, 23.25 K), right below the onset critical temperature. 
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Chapterr 4 presents the results of our study on the physical properties of the 

T-- phase Lai  6_xNdo 4SrxCu04-o system. It consists of the description of the structural 

phasee transitions, and of the superconducting and magnetic properties. The structural 

phasee transitions (tilting of the Cu06 octahedra), both at high (HTT - LTO) and low 

(LTOO - LTT) temperatures strongly affect the corresponding physical properties, 

givingg rise to some observable anomalies in the specific-heat, resistivity and 

magnetic-susceptibilityy data. In the superconducting state of the Sr-doped compounds, 

thee solid-vortex state is described on the basis of a H - T phase diagram, constructed 

fromm the isothermal magnetization hysteresis data, which exhibit the occurrence of the 

fishtaill  effect in the x = 0.1 and 0.125 samples (the later effect, apparently, 

beingg absent in the x = 0.2 sample). The absence of this effect in the x = 0.2 sample 

iss attributed to the relatively strong pinning in this sample, which is supposed to 

preventt the formation of the vortex-lattice phase and which signifies the lack of the 

vortex-linee decoupling at the crossover field, H2z>. 

Thee magnetism of the Nd + ions in this system has been investigated on the basis 

off  field-dependent specific-heat data. In the absence of an external magnetic field, 

thee splitting of the lowest Kramers doublet of the Nd3+ ions, due to exchange 

interactionss with the ordered Cu spins, is shown to have a magnitude (A) which 

decreasess with increasing Sr content (x). The application of an external magnetic field 

alignedd along the crystal oaxis results in an enlarged value of A proportional to the 

Zeemann field. These data yield a set of effective g-factor and internal field values of 

{g{g  = 4.31, Hml = 9.15 kOe}  and {g  = 4.88, HM = 2.70 kOe}  for the x = 0 and 0.1 

samples,, respectively. 

Investigationss of the magnetism of Sm ions in the T*- phase of the 

SmLai.xSrxCu04.ss system by means of magnetic-susceptibility and specific-heat 

measurementss are described in Chapter 5. In contrast to the T'- phase Sm2Cu04, 

inn which both the magnetic-susceptibility and specific-heat data display a sharp and 

anomalouss A.-type of peak at TN = 5.95 K which can be attributed to the 

3DD antiferromagnetic ordering of the Sm3+ ions, the specific-heat data of T*- phase 

SmLa|.xSrxCu04_ss show, instead, a broad "bell-shaped" Schottky peak, characteristic of 

ann electronic Schottky anomaly that arises from the crystalline electric field splitting of 
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thee Sm-Af electron energy levels. In addition, the magnetic susceptibility and specific-

heatt data of this T*  system reveals a sign of a mixed-valence state of the Snr" ions and 

off  the absence of Sm-antiferromagnetic ordering above - 1.7 K. We conclude that this 

differencee in the magnetic properties between the T*- phase SmLa1_xSrxCu04-,> and 

T'-- phase Sm2Cu04 is likely to have its origin in their different local structural 

environment. . 


