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Table 1 The results of ethylene C,H, calculation

§=90 =01
CCAM Kashiwagi no semiorthogonalization
Total energy
-13.479 —13,473(0.006) -13.513(~-1,034) ~15.879(-- 1.400)
Kinetic energy
9,930 9,934(0.004) 9. 880(—10,042) 10.0682(0.848)
MO encrgics
la, - 1,087 -1.066.-C, 009 - 1,063(~-0,006) - 1,234(0.84%)
15y - 0,917 ~—0,811(0,006) ~0.827(-10,010) - 0.924(-10.087)
1byy - 0,339 -—0.642(-0,003) —0.647(~-0,008) - 0,804(-0,165
264 - 0.561 '—0.563(—0.002) -0.583(-0,022) - 0,792(~0,23D)
15, - 0.507 -0,500€0,007) —0.514(-0,08D) - 0.594(-0.087)
1b,y - 0,367 -0.369(-0,002 -0.379(-0.012) - 0.531(-10.164)
1bs, 0.239 0.238(-0,001) 0.225(-0,014) 0.133(-10,10%
205, 0.594 0.505(~0,089) 0.580(-0,014) 0.149(—0,445)
3a, 0.590 0.483(-0.107) 0.443(-0,147) 0.073(-10,517)"
2a, 0.571 0.627(0,056) 0.669().098) 0.582(0.02D)
3a, 0.823 0.845¢0.022) 0.826(3.003) 1.084(0,261)
2b,, 0.879 0.969(0,090) £.866(-0.013) 1,337(0.458)
Overlap populalions
Ca-Cp 1.1884  1,1823(-0.0061) 1.1553(-0.0261) 1,0414(-0.1470)
Ca-Haq 0.8003 0.7979(-0.0024) 0.7667(—0,0336) 0.1437(~0.6566)
Ha-Ha - 0.0516 —0.0492(0,0024) —-0.0352(0.0164) - 0,1228(-0,0712)
c.Hq-Hg - 0.0101 -0,0071¢0.0030) —0.0060¢0.0161) 0.0888(0,. 0989
t.Hq-Hg 0.0061 0,0051(-10,0010) 0.0085(1,0024) 0,0251¢0,0190)
Netl charge
c - 0.3685 -0.3764(-10,0061) —0.3266(0.0419)' - 0.0396(0,3289
H 0.2842  0.1873(0.003D) 0.1633(-0.0309) 0.0198(~0,1644)

Note, ¢. Ha-Hp is trans Ha-Hp, ¢. Ho-Hp is cis Ha-Hp.
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Table 2 The results of staggered ethane C,H, calculation

=0

6=0.1

CCAM

Kashiwagi

Total energy

~14.700 —14,705(-0,005) - 14.750(-0,050>
Kinelic energy
11,169 11,173(0,004) 11,136(~0.033)
MO encrgics
16,4 -1.03% : 1.0b'3(—0.(21), —1.032(0,003)
la,, ~0.860 — 0. 247(0,013) -0.886(-0.026)
le, ~0.584 -0.585(-0,001) -0.597(~-0,013)
28, = 0,485 —0,483(-0.001) -0.517(~-0.035)
le, - 0.47% ~0,.468(0,007) —0.488(-0.013)
26, 0.567 0.574¢0,007) 0.558(- 0,009
2ey 0.597 0,529(~-0,068) 0.575(-0.022)
3a, 0.602 0.396(-0,206) 0,374(-0.228)
3a,, 0.653 0.777(0,124) 0.804(0.151)
2ey 0.705 0.764(0,059) 0.696(~0.009)
Overlap populations
Cs-Cyp 0.6869 0.7185(0,0316) 0.6604(~0,0265)
Cy-Ha 0.7729 0.7566(—0.0163) 0.7189(~ 0,0540)
Ca-Hpg -0.0563 ~-0,0651(~-0,0088) - 0.0736(~0,0173)
Ha-Ha -0.0473 -0,0448(0,0025) ~0.0275(0,0198)
Hq4-Hp -0.0051 -0,0031¢0,0020) 0.0067(0.0118)
Nel charge
C - 0.4921 -0,5137(-0.0216) - 0.4037(0.0884)
H 0.1640 0.1712(0,0072) 0.1346(-0,0294)
R RHTREER
Table 3 The results of boron hydride B,H, calculation
=0 =01
CCAM Kashiwagi
Total energy
~ 8,924 ~8,923(0,001) —8,930(~0,006)
Kinetic cnergy
6.666 6.668(0,002) 6.666(0,000)
MO energics
la; -0.919 -0,920(-0,001) -0,919(0,000)
16,y - 0.680 -0.679(0.001) -0,679(0.00D)
1b,y -0.565 ~0.566(-0,001) ~0,566(~0,001)
1b;, -0.538 ~0.559(-0,001) -0.558(0.000)
26, -0.532 -0.534(—0,002) ~0.536(~0,004)
1b,, ~ 0,485 —0.483(0,002) —0.486(~-0.00D
1bg, 0.116 0.116(0,000) 0.115¢-0,00D)
2b,. 0,358 0.361(0.003) 0.364¢0,006)
da, 0.402 0,385(~0,007) 0.384(—-0.006)
2byy 0.521 0.489(~0,032) 0.517(~0,004)
314 0.621 0.654(0,033) 0.652(0.031)
2b,, 0,637 0.636(—-0,001) 0,636(-0,001)
4a, 0.667 0,625(~0,042) 0.633(-0.034)
2b,, 0,773 0.811¢0,083 0,772(-0,00D)



Overlap population

Bs-Bg 0.2861
Bs-H, 0,3949
Bs-Ha 0,8634
Ba-Hp  -0.0428
Ho-Hs -0,0193
Hqs-H, ~0,0138
t Hoe-Hp  0.0014
c.Hg-Hg -0.0019
Net charge
B =~ 0,4294
Ha 0.1414
I\ 0.1466

>

<@

.2698(-0,0163)
.3963(0,0014>

.8631(-0,0003)
- 0.
-0,
- 0.
.0014 (0 0230,
- 0.

0434(-0,0006)
0183(0.0010>
0143(-0,0005)

J006(0,0013)

0.4273(0.0021)
.1400¢(-0.0014)

0.1472(0.0006)

=1

o

]
o o o

(8% 3)

.2601(-0,0260)
.3990(0.0041)
.8589(—0,0045)
- 0.
P ’J-
L0144 (- 6.0006)
.0v17(0,0003)
.0002¢0.0021)

04457-5,0017)
0171(C.0021)

.4232(0.0062)
.1382(-0,0032)
.1469(0.0003)

Note, t. Ha-Hp is trans Ha-Hp, ¢.Hqa-Hp is cis Ho-Hg, H, is bridge boron atom.

F4 FARITAER

Table 4 The results of cyclopropane C,H, calculalion

0.1

0,5350(~-0,0015)
0.7801(-0.0036)
~0.0439(-0.0026)

0.0023(--0,0005)

-0.3771(-0,0116)

=0
CCAM
Total energy i
-20.279 ~20.269(0,010)
Kinetic energy
15.616 15,029¢0.013)
MO energies
1(1'1 -1,158 -1,170(-0,012)
le’ ~-0.841 -0.836(0,005)
lﬂ’é -0.657 -0.660(-0.003)
20'1 -0.606 -0,609(-0,003)
1e” - 0,499 -0,493(0,006)
2e’ -0,410 -0,409(0,.001D
1a'2 0.431 0.433(0.002)
2(1; 0,516 0.376(~-0,140)
3e’ 0.533 0.561(0,028)
3(1'1 0,549 0,333(~0,216)
4e’ 0,703 0,751(0,048)
2e” 0.772 0.840(0.068)
Overlap population
Ca-Cp 0.5365
Co-Ha 0,7837
Cs-Hy -0,0413
Hae-Ha ~0.,0465 - 0,0441(0.0024)
t.Hq-Hg 0.0028
c.Hq-Ha -0,0087 -0.0065(0,0022)
Net charge
(s} - 0,3655
H 0.1827 0.1885(0,0058)

Kashiwagi

-20,386(0.107)

15.033(0.017)

~1.176(-0,018)

-0.864(-0,023)
-0.679(-0,022)

~-0,669(-0,063)
-0,515(-0,016)

= 0,431(-0,02D)

0.474(0,043)
0.398(-0.118)

0.558(0.025)
0,236(-0,31®

0.755(0.052)
0.756(-0,016)

0.4950(-0.0415)
0.7172(~-0.,0655)
- 0,0567(-0.0154)

~0.0155(0.0310)
0.,6070¢0.0042)
0.0115(0,0202)

~0,2885(0.0770)

0.1442(~-0.0385)
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IMPROVEMENT OF APPROXIMATE CALCULATIONS
BASED ON SEMIORTHOGONALIZED ORBITALS

Ding Fujiang* Zhang Liangfu Li Guangnian
(Chengdu Institute of Organic Chemistry, Chinese Academy of Sciences,

Chengdu 610015)

ABSTRACT

Kashiwagi used semiorthogonalized orbitals as basis set in quantum chemical
calculations and proposed a scheme in which two-electron integrals containing ortho-
gonalized orbital pairs were neglected, but the same kind of one-clectron integrals
were reserved. We proposed in this paper that one-eleciron integrals containing ortho-
gonalized orbital pairs should be neglected too. This improvement makes the calcu-
lations more accurate, because nuclear attractive energy is approximately equal to
electron repulsive energy in a system. We use simpler orbitals to evaluate three-
and four-center integrals,while keeping charge conservation. These two improvements

can save a lot of computer time in approximate ab initio calculations.

Keywords; Approximate calculation,Semiorthogonalized orbital,Integral approximation,

Charge conservation
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