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Please report your samples, experimental method and results, discussion and conclusions. Please add figures and
tables for better explanation.

1. ¥ Name of sample(s) and chemical formula, or compositions including physical form.

Perovskite LaCoggNigo;O3, powder

Perovskite LaCoO,, powder

2. RBRAERVER (EBRNSIFWOIGNOFHE . TOEHZLRL TSN, )

Experimental method and results. If you failed to conduct experiment as planned, please describe reasons.

I. INTRODUCTION

The perovskite—type cobalt oxide LaCoO;, (Co®: d®) exhibits the characteristic degree of freedom: high,
intermediate, and low spin states. This oxide is a nonmagnetic insulator with low—spin state (spin S = 0) below
7100 K. Interestingly, however, lightly hole—doped La,_,Sr,CoO, (x = 0.002) exhibits superparamagnetism with a
colossal magnetic moment over 10  z/hole [S. Yamaguchi et al, PRB (1996)]. Recently, as its origin, powder
inelastic neutron scattering suggested that nearest six Co®' ions surrounding a Co*" ion (hole) change from
nonmagnetic low—spin state to magnetic intermediate—spin state (S = 1), probably caused by ferromagnetic
double—exchange mechanism between Co® and Co*" (molecular spin—state polaron heptamer) [A. Podlesnyak
et al, PRL (2008)]. This spin—state polaron is interpreted as a precursor of carriers, generating colossal
magnetic resistivity, anomalous Hall effect, and thermopower in a semiconductor region and a ferromagnetic

metal region with higher hole concentration.




2. EERAERUFER (DDF) Experimental method and results (continued)

Very recently, we discovered an extended type of spin—state polarons in another doping system
La(CoggeNigg)O; [K. Tomiyasu et al. (submitted)]. In the magnetization curves measured at 1.8 K on single
crystals of (LaggeSrgo;)Co0; and La(Cogg9Nigo;)03, they are clearly different in magnetic anisotropy, suggesting
that Sr—induced polarons are nearly isotropic whereas Ni—induced polarons exhibit anisotropy with an easy
axis of [100] direction. Ni ions are trivalent (Ni*": d’, low spin S-1/2 state) and Jahn-Teller active (probably e,
orbital), suggesting emergence of the novel anisotropic spin—state Jahn-Teller polarons that is sensitive to
external magnetic field.

Thus, in this study, we measured an overall picture of spin excitations in La(CoggyNigo;)03; compared with

non-substituted LaCoO,.

II. EXPERIMENTS
A high—resolution sophisticated chopper spectrometer with low background, AMATERAS, was used. The
multi—E; values were 3, 6, 10, and 23 meV. The two samples were adjusted with the completely same weight of

20.0 g in the same cylindrical form.

Run no.: 3024
Ei (meV): 10.53

II. RESULTS

Figure shows the representative S(Q.E) data,
measured at 21 K. Surprisingly, many discrete
spin—excitation levels were discovered for the first

time, which strongly suggests not only that the

Energy(meV)

spin—state polarons surely emerge in the
Ni—substituted system but also that the polarons are

identified to quantum molecular magnets, not

classical spin short-range order with a molecular

shape. This finding is expected to open the new - : : Q(liiAngstrzé?Tl)

insight as molecular magnets, which exhibit
Figure: Inelastic neutron scattering data

of LaCo00.99N10.0103. The data of LaCoOs

was subtracted to extract only the

interesting phenomena of magnetization plateau with
quantum tunneling and are tightly connected to

quantum  computing and magnetic memory

L contribution induced by the Ni
applications.

substitution.




