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Belosludov, Rodion ###& : RO X - ftEEEHEE

Itis a great honor to be a member of the Research team at the Collaborative Research Center
on Energy Materials. The major subject of my research is computer simulation of physical-chemical
properties of complex materials that are of great scientific interest and have promising applications.
Today, computer simulation has become an indispensable research tool because often
experiments require theoretical interpretation and also computing power has grown rapidly in the
last decade. Ab initio methods can potentially offer an independent model of material properties but
can be limited by the size of the system at hand. However, simulation methods, which are based on
ab initio parametrization of interaction potentials, can be used to perform large scale simulations at
non-zero temperatures.

During my research activity | have been involved in accurate estimation of van der Waals
interactions within the all-electron mixed-basis (TOMBO) code originally developed in IMR and in
developing a lattice dynamics method for molecular crystals, which allows us to evaluate accurately
the dynamic and mechanical stability (Nature 400 (1999) 647) as well as the thermodynamic
properties (J. Chem. Phys. 131 (2009) 244510) of various nanoporous compounds. | believe that
one of my research strengths is working in close cooperation with experimental researchers. For
example, the high-sorption ability of specific metal organic framework (MOF) materials have been
described in collaboration with experimentalists (Nature 436 (2005) 238; Science 343 (2014) 167).
It has been shown that the concept using designable regular MOF materials could be applicable to
a highly stable, selective adsorption system. Recently, a general design has been presented for
functional 3D nanostructures which vary by three- or four-fold topology, porosity, degree of
conjugation, and electronic structures (Figure 1). It has been shown that the electronic structures
and optical properties of studied structures could be easily tuned via their size, topology, and the
presence of bridging sp3 carbon atoms. The ability to store large quantities of methane (106-216
cm3(STP)/cm?®) has been observed in all cases with several compounds being close to or exceeding
the DOE target of 180 cm?*(STP)/cm? (Phys.Chem. Chem. Phys. 18 (2016) 13503).

In the Material Processing and Social Implementation Research Division | will make research
efforts in developing theoretical approaches to demonstrate performance of energy materials
realized in this Center by experimental researchers. This requires precise control of the structure
and detailed understanding of the structure-property relationships. The obtained data will support
the practical realization a novel class of materials with desired characteristics for energy
applications. This will result in significant improvement in effectiveness, cost and safety as
compared with the currently-known materials.

Nano-size functional materials
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. . Figure 1. Mano-scale materials for CHy gas storage.
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Figure 1. High-Speed Current-Modulating Four-Point-Probe-Method(HSCMR)
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Education: 2013 Ph. D., Osaka University
Experience: 2013-2016 Post—doctor Researcher, National Institute for Materials Science (NIMS)

Research purpose in E-IMR

“Spin-caloritronics” has been attracting comprehensive attention for spintronics researchers. It
concerns the interplay among heat currents, spin and charge, such as spin Seebeck effect (SSE).
Since the SSE usually accompany with the anomalous Nernst effect (ANE), the significance role

of ANE in spin-caloritronics is now recognized. ANE is the thermal analogue of anomalous Hall
effect, see Figure 1. Based on the systematical work in Ref. [1], material dependence of anomalous
Nernst effect was investigated, ANE is roughly in proportion to the strength of the spin-orbit
coupling. To furtherly understand ANE in nano-structures, more detailed study about the physics
mechanism will be investigated in my work here.

Itis instructive for founding the way to enhance ANE and future applications.
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Figure 1. AHE and ANE measurement setup sketch.

Reference:

1. K. Hasegawa, M. Mizuguchi, Y. Sakuraba, T. Kamada, T. Kojima, T. Kubota, S. Mizukami, T.
Miyazaki, and K. Takanashi, Appl. Phys. Lett.,106, 252405 (2015).
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Tel: 022-215-2071, FAX: 022-215-2073
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Education: 2016 PhD., Indian Institute of Technology Bombay (IITB), India = ‘/

Experience: 2011-2016 Research Assistant for magnetometers and Cryogenic Plant, IT Bombay, India

1.Research purpose in E-IMR

The E-IMR provides me a striking research platform with a broad and acute interest in the discovery
of new spintronics, thermoelectric and spincaloritronic based innovative devices. | particularly enjoy
the application based research (i.e., the practical thermoelectric power generation) under the
direction of Prof. Mizuguchi. We are investigating a new thermoelectric power generation technique
based on the anomalous Nernst effect (ANE) in ferromagnetic nano-structured materials.

2. Introduction of Research

We have investigated the thermoelectric and spin caloritronic effects in manganite, where a sample
develops a transverse voltage in response to a thermal gradient (V T) applied in-plane of the
ample. These effects have attracted much attention due to its potential applications based on the
generation and detection of spin current. The contribution of Anomalous Nernst Effect (ANE), or
anomalous thermopower in spin Seebeck effect (SSE) has been observed in some materials.
Nernst effect gives these materials an advantage for application and increases the possibility of its
use in spin-based devices.

We are also investigating the possibility to enhance the ANE using three dimensional type nano-
structured devices.

Figure 1. Schematic view of the setup used for the Nernst effect measurements.
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