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The present purpose is to solve the Schrddinger equations of general organic molecules accurately with the free
complement - local Schrodinger equation (FC-LSE) method. The from atom to molecule (FATM) method, based on
the locality of chemistry, and the fast antisymmetrization NKk-algorithm were applied to the efficient accurate
calculations of general organic molecules. Since the FC-LSE method has an excellent parallel efficiency, we could
effectively use the TSUBAME supercomputer for both the accurate calculations and developments of the
methodology and program. The overall results were obtained using both TUBAME and IMS computers.
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Free Complement (FC) Method for Solving the Schrédinger Equation
H, & W, == FC method == complement function {4,
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FC wave function: |/ = z Cl‘tjﬁl

(complement = element of complere )
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integration free

integrals calculate | unknown ic,}
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s . general atoms &
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require local Schrédinger equation
‘ at each sampling point

highly accurate energy accuracy to order

FC method gives the solution of the Schridinger equation automatically.
1) Hamiltonian includes all the information of the system.
2) Hamiltonian paves the way to its-own exact wave function.
3) When Hamiltonian is available, the analytic solution is automatic.
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j order B THATFIAY  AE=Ercise-
" FC-LSE (a.u.) — (au) Eexact (a.U.)
#
He 2 6 -2.903 724 52 -2.903 724 37 -1.5x107
H2 2 5 -1.174 47477 -1.174 475 93 1.2x10°
Hs* 2 7 -1.343 841 41 -1.343 835 625 -5.8x10°
2Li 3 6 -7.478 043 -7.478 060 1.7x10°%
Hs 3 5 -1.674 547 10 -1.674 547 421 3.3x107
Be 4 4 -14.667 300 -14.667 36 6.0x10°
Hs* 4 3 -2.522671 35 (-2.5316) 8.9x10°
LiH 4 4 -8.070 516 -8.070 533 8.9x10°
He> 4 5 -5.807 405 -5.807 483 7.8x10°
B 5 4 -24.653 872 -24.653 91 3.8x10°
3C 6 3 -37.845 492 -37.8450 -4.9x10*
Liz> 6 3 -14.994 679 -14.995 4 7.2x10*
CH* 6 301 -38.080 616 -38.081 2 6.0x10
“N 7 3(2) -54.589 932 -54.589 2 -7.3x10*
CH 7 2 -38.475 984 -38.4770 1.0x10°
%0 8 32 -75.068 218 -75.067 3 -9.2x10*
CHs* 8 2(1) -39.376 000 (-39.381 4) 5.5x103
°F 9 3(2) -99.729 754 -99.733 8 4.1x10°
INe 10 32 -128.935 640 -128.9376 2.0x10°
2Na 11 2 -162.252 549 -162.2546 -2.1x1073
1Mg 12 2(1) -200.061 292 -200.053 -8.3x1073
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T RILF— AE=Erc-1sE-Eexact
(a.u.) (a.u.)
FC-LSE -232.195 8 -5.2x1072
CCSD(T) (ce-pVTZ)? -231.805 6 4.4x10°!
MP2-F12 (aug-cc-pV6Z)° -231.853 6 3.9x10°!
BRI HO S © -232.248
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(a.u.) FEHY (au) (a.u.)
C 6 1194 -37.845 81 -37.8450 -8.1x10
N 7 1878 -54.593 01 -54.589 2 -3.8x1073

FATM GRICEDE | BRFOREEHEMN S FD
REBERERET D, FIZIE. AL DREREHK
(FE 2 DEIITFKEBTESD, CCT.OIE CRFEH
BRFORBLRBEBEEFORBEENSER
Sh,. RFARDBN—OVHEEERIZCOBRS T
RBENFDH, QX LFHEEREZERTITE
B#ThY. RFREFEECEBRI BRSNS,
BITRVEVDFHEFTRAMNTEOLRILTHY.
QO EFREBIZDOLTIE n BREIZH L Kekule #Ei&E.
Dewar &, /AU BEMNSERSNDEEBEHE

[a] By Gaussian 09.

[b] D. Yamaki, H. Koch, and S. Ten-no, J. Chem. Phys. 127, 144104 (2007).
[c] From experimental atomization energy & Zero-point vibrational energy
(NIST Chemistry WebBook)
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Gl % 17T KT piSE@u)  OREBY u) (a.u.)
C2 12 32) 7531 75.917 9 -75.926 5 8.6%10°
N, 14 32) 10666 -109.537 1 -109.542 7 5.6x10°
CH, (FEFLY) 14 3(1) 1727 77323 1 773357 1.3x10?
CoHs (v BY) 42 3(1) 5092 -232.195 8 -232.248 5.0x10°2
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Chemistry”, Acc. Chem. Res., 45, 1480, 2012



