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Negative thermal expansion (NTE) describes the phenomenon of lattice constriction
as temperature increase. Since thermal expansion may cause significant problems in
engineering fields, NTE is very important for industrial application, from large
structural components such as railroad tracks and bridges, to precision instruments and
electronic devices such as optical instruments and sensors. Recently, our group observed
large NTE in cobaltite perovskite, PrBaCo020s.74 below Neel temperature 7n =120 K.
Moreover, NTE in Lao.sBao.sCo00Os3-x can be tuned by changing the hole doping level x.
Through the comprehensive study with multiple techniques, it is found this NTE is
closely associated with the ferromagnetic (FM) and antiferromagnetic (AFM)
competition. Now I am motivated to investigate NTE in the A-site disordered
Lao.sBao.sCo0Os3-x. Firstly, the bandwidth can be control by changing to La. Secondly,
compare with Pr, La has no magnetic moment so that it will be easier to analyze the
relationship of NTE and magnetism in A-site disordered Lao.sBao.sCoOs3-x than in the
PrBaCo20s5.5+x. Furthermore, since the structure of A-site disorder Lao.sBao.5CoO3-x is
cubic, this leads to the isotropic NTE. It will be simpler to understand the fundamental
physics. So in this research I expect to search possible NTE in A-site disordered

Lao.sBao.sCo0O3-x and investigate the new phenomenon of this sample.

This thesis is concerned with sample synthesis and investigation of magnetic
structure and NTE property of the A-site disordered Lao.sBao.sCoO3-x. The present thesis
contains five chapters. In the first chapter the application of NTE material as well as
the common NTE material are introduced. Then the detailed properties and magnetism
of NTE are reviewed. This chapter also includes the structure and the unusual properties

of the cobaltite perovskites.

For the second chapter the focus changes to the experimental part. I prepared high-
quality Lao.sBaosCoOs3-x polycrystalline samples by solid-state reaction method and
controlled the oxygen content by annealing as-synthesized sample in pure Ar
atmosphere at various temperatures. The oxygen content is determined by the
iodometric titration method. A combination of X-ray powder diffraction (XRD), high

resolution neutron powder diffraction (NPD) and the superconducting quantum



interference device (SQUID) magnetometer (MPMS) was used to investigate the crystal

structure and magnetic structure.

In the third chapter, the experiment results are presented. The crystal and magnetic
structures are determined by the Z-Rietveld refinement. Based on the magnetization
data and NPD data, the phase diagram of this Lao.sBaosCoOs-x is obtained. From the
temperature dependence of volume, the large NTE is observed in the hole doping A-site
disordered Lao.sBao.sCoOs3-x. This NTE can be tuned by changing the oxygen content
and the largest NTE occurs near the boundary between FM and AFM phases in the phase
diagram. The phase separation of AFM and FM state or paramagnetic (PM) state was
observed in very large range of oxygen content from 2.82 to 2.89. It is found
that this NTE is related to the magnetic ordering. The transition of LV phase with AFM
state to SV phase with FM or paramagnetic state results in the NTE. The results
of NPD under magnetic field confirm that the large volume (LV) phase is related to the
AFM and small volume (SV) phase is related to the FM. It is also found that the average
volume is suppressed under magnetic field, which reveals that the NTE can be tuned by

the magnetic field.

In the fourth chapter, I discuss about the new phenomenon of this sample. From the
phase diagram of Lao.sBao.sCoO3-» and ProsBao.sCoOs.x, the phase separation is
observed in a much larger range of oxygen content from 2.82 to 2.89 in Lao.sBao.sCoOs3-».
The Curie temperatures Tc of the two samples are very close while the 7n in
Lao.sBao.sCoOs3-x is much high than that of Pro.sBao.sCoO3-x. The phase diagram shows
large differences in the two samples. It may come from the different radius of La and
Pr or from the A-site disordered effect. I also found that the relative difference of
volume between the LV and SV (AVLy-sy/V) in Lao.sBao.sCoO3-x is much larger than that
in Pro.sBao.sC003.x. From the phase diagram and the analysis of the volume in AFM and
FM phase between these two samples, it is suggested that the much larger AViy.sy/V is
related to the much stronger AFM in Lao.sBao.sCoO3-».

In the last chapter, the summary and future work of the thesis are presented.
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Zhijian TANEGIZ., PrBaCo0s, CHE SN AOHMEE (NTE) OBREZHL NI
WDIT ., EELFER Lag sBao.sCo0s- /2 F H L, BARXBELZHE L -RABE AR, &HREY
ket FES. XAEF., BEAESCLY, NERPHSBERBIZOWTHFEZITo 2,
AR /RIEEZHIM LB (x = 0.09-0.34) AL, & SMRAER RS MEFE X H
iz ANWT, BEXRBEOEWHEBICB W INENRBE TSI LE2RALE, é% Z
R CHOMMNRERT S 2 &, BB B (F) M8 & KMME (AF) HoEFIC

Tl AFHOBEMBEMBRFEOZR LY KEWZ &, FHEAFHEO L RBNEEIC LY 2k u&
ECAFHOERAIERTHIZEEZRAELE, Zhb0Z &hb, NIEORBE X, HER
T, NEREMBEAHEOFHEOLENEY KX REMBEZFOAFHOLENERT D] Z
CICEETAEEEIEDE, E6I1C, B4 TE TOFEFTEPTIC L AR & FHE O &K
RO R AX—EN/NEL, BBEG T T (A& W) AFHEAImEl s, (B
BAEW) FENBKT 528, ZORE, WMGE T ONEAMBI &5 Z & &R LE,
AW D &7k BB La,. sBao, sCo0s- D #E 5 % PrBaCo:0s., & EL#R 4 5 & | Lag. sBag. 5Co05-,D FF
RSB S AN &, o U—RBERFEER C7EMN R — VIR E XLa sBag 5C00;-, T 2%
BEIZRDZEHRTR L, AFFOREIC X 2 BEAEAEMOE K2 PrBaCos0s., & Y

Lao. sBag sCo0s, TR EWVWHMBIZDOWTERL, BEOAFHEEANIRENWI &L D, &
WU 7=,
CAREETIE, FHEE CORMEFEICHEHEICHELEZENRESh, ThbZRBEL 23
FENRTbhiz, Tan KOBIEIZ, YO HBEBT2ERCHZRERELIT o= LTS h
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