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Molecular Orbital Calculation with Local Structure Model
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Abstract

The local structure model, for the molecular orbital cal- ously established chemical concepts and selecting parame-
culation of systems including a large number of atoms, was ters suitable to the given problem, the molecular orbital cal-
rationalized on the basis of well-established chemical con- culation with a local structure model was found to be a
cepts, especially the functional group and the localization of ~ useful approach to the electronic-state-based character of

orbital in chemical reactions. By modeling with the previ- large systems.
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Fig. 1 Observed electron binding energies and
calculated orbital energies of carbon 1s core
orbital of various hydrocarbon fluorides.
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Table 1 C NMR chemical shifts of various halogen
substituted methane.” Tetramethyle silane
was chosen to the origine of chemical shift.

X Cl Br 1
CH, 23 23 23
CH;X 249 10.0 -20.7
CH,X, 54.0 214 -54.0
CHX; 717.2 12.1 -139.9
cX, 96.0 8.7 2925
a) ref. 16)
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Fig. 2 Calculated curves of NMR chemical shifts(J,)-
ratio of electron densities(p) on AB, X,
molecules. Parameters, a-d, of Eqs. 8-11 were
set to be 1. C is a constant (inverse of Eq. 7).
The origine of chemical shifts was chosen to be
that of AB,. Shaded region (p <0) indicates
physically meaningless region. — : AB;X,
———:AB)X,, ——— :ABX;, ————:
AX,.
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Fig. 3 Calculated curves of NMR chemical shifts(d,)-
ratio of electron densities(p) on AB,X,_, .
Parameters, a, b, ¢, and d, of Egs. 8-11 were set
to be 0.9, 0.8, 0.7, and 0.6, respectively. See the
caption of Fig. 2.
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Fig. 5 O-H distance (Rq_) dependences of partial charges and bond orders of SiH; OH AIH; and
SiH; OH" SiH;. ¢(A) is the partial charge on atom A and N(A-B) is the bond order of bond

A-B, where A and B are Si, Al, O, or H.
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Fig. 6 Potential curves along with O-H distance(R )
of a) SiH; OH AIH, and b) SiH; OH" SiH;.
Fitting functions were Coulomb potential curve
for a) and charge-dipole potential curve for b).
Fitting parameters are indicated in Table 2.

Table 2  Fitting parameters of Fig. 6.”

gboboooooboobooo

Root mean squer Total energy on

deviation complete dissociation
AO DO Table 20 O O O
. Al(charge) B/hartree hartree
H;SiOHAIH; O OO OO0O0O
-0.99700 -606.033 0.0266 -606.008
gooo0ooooooooo
C/(charge) Bohr D/hartree
goo00o0oOooooooo
—-1.14976 -652.817 0.0347 -652.791

gboboooooobooobooo
gbooboooooobooobooo

a) 1 hartree = 27.21 eV. 1 Bohr = 0‘53/&, charge: Number of electron.
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oooooooUooooooooo Table 3 Calculated energy band of all trans polyacethylene
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Q00000 wans0 000000 & -1.077  -1.186  -1.125  -1.194  -1.102
100al tans0 00000000 &, -0.680  -0781  -0.782 0836  —-0.759
QooooooOooooOO0o0OO & 0459 0479  -0523 0592  -0.497
w0 0000000000000 & -0451 0441 0467  -0542  -0.450
1000000000 al transh O &(mband) 0461  -0482 0502  -0.554  —0.480
00000 (now )Ok=00k-= &SE;??M 0.502 — 0.441 0232 -0.463
720000000000 Table 30 k=

oobooooooogreeeenod & ~11.032 —  _11.086 11306  —11.062
uooooooooooboood & ~11.018 —  -11.085 -11.305 -11.061
uoooooooooboboood £ 0911  -0937  -0945 -1.010  —0918
ubbooboooboobooog & -0.798 0876 0881  -0.962  -0.863
ooooooooooboboooo & -0.642 0616  -0.610  -0.664  —0.587
oooooooobooooooon & -0.638  -0.588 0599  -0.658  -0.577
ooooobOooDooDoOonDg g(mband) 0215  -0243 0226 0262  -0.195
0000000000000000 g (first virtual ~ 0.174 — 0.085  —0.051 0.101

0000000 Table 300000 #-band )

ooooo0O0oOooocoonoooon
goooO0oO0ooobocooO0oooon
oooooO0oOooocoooooo
gooooOOoooooboonooo
gooo

b) ref. 31)
¢) ref. 32)

a) 1 hartree = 27.21eV

d) Second neighbor's interaction

e) Fourth neighbor's interaction
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