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The Nobel Prize in Chemistry 2013 - Martin Karplus, Michael Levitt, Arieh Warshel 

"for the development of multiscale models for complex chemical systems" 



2 Multiscale, Multiphysics Computational Chemistry 

Methods for Industrial Innovations 

1. Electronic Theory: Quantum Chemistry (QC),  Quantum 

Mechanics (QM) 

2. Atomistic Theory: Molecular Dynamics (MD), Molecular 

Mechanics (MM), and Monte Carlo (MC) Method 

3. Quantum Molecular Dynamics Theory: ab initio MD, First-

principles MD (Car-Parinello Method), UA-QCMD 

4. Informatics: Artificial Intelligence (AI), Neural Networks (NN), 

and Database (DB) 

5. Mesoscopic and Macroscopic Theory: Kinetic Monte 

Carlo(kMC), Computational Fluid Dynamics(CFD), Finite Element 

Method(FEM) 

6. Human Interface: Computer Graphics (CG) ,Virtual Reality (VR) 

７. Experiments(Measurents) Integrated Computational Chemistry 



Pamphlet for Developed Software Sold by 

PEGASUS Software and Ryoka Systems 

Multiscale, Multiphysics Simulators for a Variety of Industrial 

Collaborations: Originally Developed Computational Chemistry Software 



The Objective of our group in the Next Generation 

Automobiles/Miyagi Area Program 

4 

To contribute to Regional Innovation on the basis 

of successful collaborations with global 

companies  through the following schemes: 

1 Direct collaborations with local companies 

2 Collaborations with many partners(academic, 

governmental, financial, and industrial) 

including local companies, 

With multiscale, multiphysics modeling/ 

simulation methods developed in our group. 
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Multiscale, Multiphysics Modeling/Simulation for Practical 

Automotive Catalysts 
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Multiscale/Multiphysics Simulators of 

Tribological Systems 
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Automotive Transmission Synchronizer 

Seamless Modeling/Simulation of Practical Tribological System 

Mesoscopic tribo-surface Macroscopic tribo-surface  Atomistic tribo-surface 
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Applications to Li Ion Batteries 
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Applications to Fuel Cell Technologies 
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The Objective of our group in the Next Generation 

Automobiles/Miyagi Area Program 
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To contribute to Regional Innovation on the basis 

of successful collaborations with global 

companies  through the following schemes: 

1 Direct collaborations with local companies 

2 Collaborations with many partners(academic, 

governmental, financial, and industrial) 

including local companies, 

With multiscale, multiphysics modeling/ 

simulation methods developed in our group. 
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Industry-Academia-Government Innovation for Next Generation Automobile 
- Overall Mechanism of Regional Innovation Strategy  - 
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Role of Pt:  Formation of Atomic H from H2 demonstrated by UA-QCMD  
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DS0： Diffusion coefficient of supports 

Es ： Activation energy for grain growth of supports  

rS   ：support radius 
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DM0：Diffusion coefficient of supported metals 

EM ：Activation energy for sintering of metals  

rM ：metal radius 

Sintering Simulator of Supported Metals and Supports 

Diffusion of Supports: Al2O3, ZrO2, CeO2  

Diffusion of Supported Metals: Pt, Pd, Rh 

n  ：Grain-size exponent    R ：Universal gas constant    T ：Absolute temperature  
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Chassis Dynamometer Evaluation of Catalytic Performance under a Variety of 

Driving Conditions such as JC08 mode, by Dr. Furutani et al., AIST, Japan 
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JC08mode Chassis Dynamometer Emission Testing 
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