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Elongation method for efficient quantum chemistry calculations                   
toward functional designs of bio/nano materials
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We developed the unique theory and method – Elongation method - applicable gigantic bio/nano systems which were impossible to be treated by conventional method.
The computational accuracy of elongation method provides high precision, and the computational efficiency is linear scaling. By means of the material designs from a
microscopic viewpoint, we aim to contribute our novel approach to green & life innovation, rare metal substitution problems, nanotechnology using IT, and so on.

New material design using quantum chemistry & supercomputer
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• Order (N) efficient calculations

• Chemical accuracy retained for huge systems 

Total energy error

= 2.59E-09 hartree/atom

= 0.0000016 kcal/mol/atom 
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Elongation method

By restrained DFT + Elongation method 
Prediction of J values (Local effective exchange integrals)
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Useful for organic magnets prediction

Proteins

To calculate electronic states of a gigantic system, the computational time increases with Order N4（N：number of atoms）.
The elongation method developed by our group enables efficient calculations by connecting units successively in a similar
way as polymeric polymerization reaction, and calculates only reaction sites considering whole electronic states.

The calculation speed is proportional to the linear scaling of the system size (Order N method). Nonetheless, the 
calculation precision is very accurate with an energy error of 10-8 Hartree/atom or less compared to the conventional 
method, and even when considering a gigantic system consisting of 105 atoms (for example, chaperone protein…about 
120,000 atoms) , those errors can be only within chemical accuracy. 
Besides, since only the reactive sites are calculated, necessary memory and disk capacity are small, so the system with 

large size, which could not be treated by conventional method, can be calculated efficiently by elongation method.  

Any dimension systems can be calculated by thawing the “Frozen region” according to the approaching “Active region”
while retaining the concept of one dimensional expansion which calculates only the reactive part.

Rare-metal free magnetic polymer design

Our original theory & method & applications
• Elongation Method
• Through space/bond analysis 
• Organic ferromagnetic analysis
• Non-liner optical property analysis
• Conductivity analysis
• Catalytic reaction analysis
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Rajca, Science, 294, 1503 (2001).
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