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Abstract

The study of the manganites, widely known belonging to
strongly correlated electron systems, that exist many novel
and interesting physical phenomena and complex physical
mechanism is among the active and attractive areas of
research within the area of physics and information material
physics. Significantly, the strong coupling and competition
among the spin, charge., orbital, and lattice degrees of
freedom in these systems can induce a wide variety of newly
novel phenomena such as insulator-metal transition, orderings
and phase separation ctc. All these challenge the traditional
understanding of physics and information science and will provide
newly subject for the physicist, material scientist and information
scientist. A lot of related new physical phenomena and concepts
have been brought forward, which will arouse a revolution of
some basic subjects (such as strongly correlated systems,
spinelectronics physics) and the information technology in the
future. This probably makes strongly correlated manganites the
one of the hotspots in the field of condensed matter physics in
the 21st century. In this dissertation, based on the
preparation of high quality single crystal and polycrystalline
samples. the typical phase-separated Lass Pr,Cas/g MnO;
and half doped (La, Pr), ;Ca, ; MnO; systems were investigated
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in magnetic fields. The correlation between low temperature
phase separation and novel step-like transport, and the
correlation among ordering parameters such as charge
ordering and orbital ordering etc. were studied Meanwhile,
the charge/spin/orbital ordering structure, the mechanism of
magnetic induced spin reorientation/carrier delocalization,
and the possible quantum spin/orbital transition were studied
in these systems. The content of the dissertation are divided
into six chapters and main results are summarized as follows.

The first chapter describes the content status and
progress of the studies concerning the strongly correlated
manganites and correlative spin electronic physics. stressing
on the phase separation in the manganites. the mechanism of
the colossal magnetoresistance effect, and a wide variety of
newly novel phenomena at low temperatures due to the strong
coupling of spin-orbital and charge-orbital. Meanwhile, the
aims and motivations of the present work were synoptically
given.

The second chapter gives the preparation of samples, the
structural characterization of the sample, as well as the
measurement technology and basic principles. Main
measurements include electrical and magnetic properties and
the heat capacity measurement.

The third chapter displays the structural. magnetic and
transport properties of Pr; ¢ Cazs MnO; single crystal, which
was successfully grown by the optical floating-zone method.
One step-like charge ordered antiferromagnetic-ferromagnetic

—» 2
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(COAFM - FM) transition was observed at the temperatures
below 60 K and the applied magnetic field of a few tesla. Such a
step in the M — H curve became ultrasharp at the temperatures
below 4.2 K. Two-sharp-step transition appeared in the
different field-cooled ( FC) conditions at a given low
temperature (2. 0 K). These results indicated that magnetic
field can induce changing of orbital occupancy of the e,
electron in Mn®*t with the magnetic filed. And then this
orbital occupancy of e, electron causes the occurrence of the
M - H step and the history-dependent magnetization effect.
According to the model of spin and orbital coupling, the steps
should be the result of spin reorientation under the magnetic
fields. Meanwhile, the physical picture was provided. Based
on these, the change of step-like transition with temperature
was explained completely. These results break through to
some extent the circumscribing of martensitic model based on
phase coexistence and they contribute to directly support the
phase separation scenario that is one of the leading theories to
explain the physics of manganites.

The fourth chapter is mainly about the study of transport
and magnetic characteristic of phase-separated ( PS)
Las/g., Pr,Cas;sMnO; ( x = 0.0 — 0. 625 ) manganites. Novel
single and triplex irreversible resistivity sharp drop
accompanying with the single and triplex magnetization step were
observed at low temperatures. The resulting phase diagram
indicates the correlation of novel transport jump and the | - r
COAFM phase in the PS region. The correlation between step-
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like transport jump and resistivity minimum were observed at low
temperature. The results prove that low fields induce the
alignment of spins for the FM clusters in the PS manganites. And
the strong field probably induces quantum orbital transfer, in
which the orbital polarization is changed and accompanied with
carrier delocalization and spin reorientation. In order to clarify
the correlating mechanism of step-like transport jump and
resistivity minimum, we propose the competing mechanism of
coexisting clusters and microscopic physical picture in the PS
manganites. This proves a possible existence of single and triplex
quantum orbital transfer and shows the importance of the
strong interaction of charge-orbital and/or spin-orbital at low
temperature. Present study may provide abundant experimental
information for understanding the coupling of charge-orbital-spin
in the complicated phase-separated systems.

The fifths chapter study the magnetic properties of half
doped (La, Pr) ;s Ca, s MnO; manganites. The reentrant spin glass
behavior was observed at low temperatures. The distinctive
feature is that the RSG state undergoes sequential multiple
magnetic transitions of paramagnetic (PM) - ferromagnetic
(FM) - antiferromagnetic (AFM) - reentrant spin glass
(RSG) transitions. Meanwhile. the present experimental data
establishes the coexistence of FM clusters and spin glass
clusters. which indicates the complex competing interactions
and is a typical microscopic phase-separated system. Due to
the frustration caused by the competition between FM
(double exchange) and AFM (super-exchange) interactions
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and the destruction of long range correlation, there didn’t
appear any step-like transport for the system in magnetic
fields. Probably, the difference of nanoscopic and
submicrometer scale phase separation is with or without the
long range correlation. The former is related to the disorder
of short range spin orientation due to exchange interaction,
which can resist applied magnetic fields and make it hard to
be complete spin ordering. Whereas, the latter reflects the
long range competing and interaction showing an important
effect on the transport properties of systems. There possibly
exist a variety of collective effects of phases between the two
types of phase separation, producing a series of Barkhausen-
like small magnetization steps.

In the sixth chapter. a summarization of the present work
was given. altogether with the expectations of the further work.
Duc to the typical phase separation characteristic appearing at
higher temperature in A-site-ordered RBaMn,O; (R is La, Y. Pr,
Sm) systems, one can look into the study of transport step
behavior and can study the magnetic field induced transport
step characteristic and the coupling fluctuation of spin/orbital
in a wide temperature range. even to temperature. These
results will be expected to provide the competing mechanism
among all these orderings. the dynamical picture. and the

concrete spin/orbital structure in the process.

Key words  Magnetization/ transport step-like transition, spin

reorientation. carrier delocalization. orbital quantum transition
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