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Figure 1. Quantum Chemistry by Dr. Pople
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Figure 2. Quantum Chemistry for Large Systems
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Figure 3. Multi-Wavelet (K=4)

Table 1. Molecular Polarizability
UTFIZTAFYI—TUyhEEK=9 € =105121T BREDESDFIBERT .
®&EHF: CH,, CO, Fy, Hy0, HF, NH5 , SO,, CH,, CO, , H, , HCl, N, , PH;

Hartree—Fock DFT(Svwnb)
Gaussian function basis Gaussian function basis

cc—pvdz 33.539% cc—pvdz 39.373%
cc—pvtz 19.061% cc-pvtz 24.224%
cc—pvqz 10.948% cc—pvqz 15.322%
cc—pvdz 6.723% cc—pvbz 9.916%
aug—cc-pvdz 3.630% aug-cc-pvdz 5.128%
aug-cc—pvtz 0.852% aug-cc-pvtz 1.629%
aug—cc-pvqz 0.496% aug-cc-pvqz 0.276%
aug—cc-pvbz 0.102% aug-cc-pvbz 0.334%
d-aug-cc-pvdz 0.295% d-aug-cc-pvdz 0.330%
d-aug-cc-pv5z 0.013% d-aug-cc-pvbhz 0.014%

MRMW basis MRMW basis
k=5 €=10"  0.123% k=5 £=10""  0.094%
k=7_&=10"° _ 0.001% k=7_e=10"° _ 0.002%
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Figure 4. Polarizbility a(left) and Second hyperpolarizability y(right) of Polyene
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Next Generation Quantum Chemistry for Large Bio-Molecules

Hideo SEKINO®? P

aKnowledge Based Information Engineering, Toyohashi University of Technology
1-1 Hibarigaoka Tenpakucho Toyohashi, Japan
bJapan Science and Technology Agency, CREST
4-1-8 Honcho, Kawaguchi, Saitama 332-0012, Japan
e-mail: sekino@tutkie.tut.ac.jp

The application of quantum theory to the investigation of large bio-molecular systems may require an
alternative general theory of many-body problems. Straightforward extension of rather established quantum
chemical methodologies may encounter serious problems both theoretically and technically. In order to fulfill
the required precision for bio-science, the representation of space in simulation is critical. For next generation
guantum chemistry, there should be more refined tools than Gaussian basis functions which have been used
over half a century. Preliminary application of multi-resolution multi-wavelet basis functions proved its
efficiency in the prediction of molecular properties such as polarizability.

Keywords: Nano scale, Space representation, Multi-resolution, Wavelet basis
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