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ABSTRACT

The ABOs type perovskite RMnOjs (R: rare-earth element) has investigated extensively as the
multiferroic materials which possess two or more types of orders simultaneously. In this thesis, we
investigated the effect of element substitution and chemical pressure in orthorhombic GAMnOj3 (space
group Pnma) and hexagonal TmMnOs3 (P63cm).

The X-ray diffraction measurement results of GdMnO; shows A-type antiferromagnetism is below
T, but it is known that Mn spins are not perfectly antiparallel, but exist with a slight tilt. This is called
cant magnetism or weak ferromagnetism. The crystal structure of GdMn;..Co,O3 is orthorhombic for
0=<x<1.0. For x=0.3, 0.5, and 0.7, at the ordering temperature 7c, the field-cooled (FC) magnetization
MEFC rapidly increase which results from cating of the Mn and Co moments with decreasing
temperature. Especially, Mrc for x= 0.3 showed maximum values at 40K, decreased rapidly with
decreasing temperature and showed a negative magnetization blow 20K. On the other hand, the heavy
rare earth oxide TmMnOs is that an antiferromagnetic transition temperature 7n is 41K, and
ferroelectric transition temperature 7c is 86K. It is known that the crystal structure of RMnO3 having
this structure changes to the orthorhombic (Prnma) by performing high-pressure synthesis, but even in
TmMn;..Co,O3 with substitution by Co the structure changes from hexagonal to an orthorhombic, and
we can obtain an orthorhombic single phase (Prnma) at 0.5<x. Mrc of TmMn,..Co.,O3 was increase in
ferromagnetically at about 60K with decreasing temperature, and also showed negative magnetization
in 0.6 =x=0.7. but Mgc for x=0.8 no longer showed a ferromagnetic increase with decreasing

temperature. The increase in ferromagnetic magnetization with decreasing temperature at 7c can be



understood as a result of the mixed-valence state due to Co substitution. The negative magnetization
observed in both samples, so-called the spin reversal, can be explained by the antiferromagnetic
coupling of the Gd or Tm spin to the Mn and Co moments.

We also investigated Gdi.,R,Mn;.,CoO3 and Tm;,R,MnosCo00503; (R: nonmagnetic rare-earth
element) with substitution by nonmagnetic rare- earth elements La, Y, Lu. We can expect the chemical
pressure effect due to the unit-cell volume (¥) change by substituting Tm or Gd with nonmagnetic
rare-earth elements. From Tmj, (Y, Lu),MnosCo0.503 observation we can obtained some remarkable
structural details: owing to the ion radii, ¥ of Tmi,Lu,Mngs5C00503 and Tmi,Y,Mngs5C00.503
decreases and increases with increasing y, respectively; the parameter (a—c)/a, which is characterizes
the orthorhombic distortion, continuously increases on Lu doping and decreases on Y-doping due to
the substitution of Tm ions. Substitution of Tm with Y or Lu in orthorhombic Tmi.(Lu, Y),Mn;-
CoOsinduces a systematic unit-cell volume change. This is the chemical pressure effect. From the
magnetization measurement, we conclude that an increase of Mrc and the unit-cell volume is
responsible for the increase in transition temperature 7c. We also studied the effects of chemical
pressure with orthorhombic-Gd.,R,Mn;.,Co,O3 (y= 0.1, 0.3, and 0.5). The substitution of Gd with La,
Y, or Lu in GdiR,Mn;..Co,O3 induced a systematic change in the unit-cell volume. Our results reveal
that increasing or decreasing the average ionic radius of the rare-earth element in the compound affects
the magnetic ordering temperature 7c. The reduction in the proportion of Gd owing to substitution by

nonmagnetic elements weakens the spin reversal effect.
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