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3.1 Born-Oppenheimer
(1927 )
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3.2.3 (Variation theory)
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Schrödinger

( )

1927 - 3.14     0.896                 
4.74      0.74

1968 Kolos Wolniewicz      4.7467 0.74127   100
1970 G. Herzberg 4.7467   0.7412 
MP2/6-31G 4.018 0.7375
MP2/6-311++G (3df,2pd) 4.4906 0.7370
MP4(SDQ)/aug-cc-pvtz 4.6810 0.7416
CID/aug-cc-pvqz 4.7277   0.7415
CISD(T)/aug-cc-pv5z 4.7416 0.74127( )

(eV) (Å)
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3.3 Molecular Orbital Theory
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H2
+ 1s-1s or  1s-2s

HF 1s   + 1s22s22p5
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3.3.2 —
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3. 
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3.4 

3.4.1
• H2

+, H2, He2
+, He2, Li2, Be2

• O2 , F2

• B2,  C2,  N2

(eV)

H He Li Be
1s 13.6 24.59 58 115
2s 5.392 9.322

B C N O F
1s 192 288 403 538 694
2s 12.93 16.59 20.33 28.48 37.85
2p 8.298 11.26 14.53 13.62 17.42
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(pm) kJ mol 1

H2
+ 1 (1 g)1 0.5 106.0 269.483

H2 2 (1 g)2 1 74.12 458.135
He2

+ 3 (1 g)2(1 u)1 0.5 108.0 238
He2 4 (1 g)2(1 u)2 0 — —
Li2 6 [He2](2 g)2 1 267.3 110.0
Be2 8 [He2] (2 g)2(2 u)2 0 — —
B2 10 [Be2](1 u)2 1 158.9 ~290
C2 12 [Be2] (1 u)4 2 124.2 613.8
N2

+ 13 [Be2] (1 u)4(3 g)1 2.5 111.6 854.8
N2 14 [Be2] (1 u)4(3 g)2 3 109.4 955.42
O2

+ 15 [Be2] (3 g)2(1 u)4(1 g)1 2.5 112.27 653.1
O2 16 [Be2] (3 g)2(1 u)4(1 g)2 2 120.74 502.9
O2 17 [Be2] (3 g)2(1 u)4(1 g)3 1.5 126 392.9
O2

2 18 [Be2] (3 g)2(1 u)4(1 g)4 1 149 138
F2 18 [Be2] (3 g)2(1 u)4(1 g)4 1 143.5 118.8
Ne2 20 [Be2] (3 g)2(1 u)4(1 g)2(3 u)2 0 — —
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3.5 

3.5.1

2~ 5
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-25

-20

-15

15

20

3a1

2t2

1t2

dcb

1s(H)

2p(C)

E 
/ e

V

2s(C)a

2a1

1 = 0.992 1s+0.038 2s 0.007 Ha 0.007 Hb 0.007 Hc 0.007 Hd

E1= 11.02969 Hartree = 300.13eV C1s 288eV

2 = 0.221 1s+0.628 2s+0.181 Ha +0.181 Hb +0.181 Hc +0.181 Hd

E2= 0.91209 Hartree = 24.82eV (22.91eV)

3 = 0.572 2px+0.301 Ha+0.301 Hb 0.301 Hc 0.301 Hd

4 = 0.572 2py+0.301 Ha+0.301 Hb 0.301 Hc 0.301 Hd

5 = 0.572 2pz+0.301 Ha+0.301 Hb 0.301 Hc 0.301 Hd

E3= E4= E5= 0.52050 Hartree= 14.16 eV (14.35 eV)

6 = 1.106 2px 0.615 Ha 0.615 Hb+0.615 Hc+0.615 Hd

7 = 1.106 2py 0.615 Ha 0.615 Hb+0.615 Hc+0.615 Hd

8 = 1.106 2pz 0.615 Ha 0.615 Hb+0.615 Hc+0.615 Hd

E6= E7= E8= 0.71922Hartree = 19.57eV

9 = 0.252 1s+1.633 2s 0.668 Ha 0.668 Hb 0.668 Hc 0.668 Hd

E9= 0.76106 Hartree = 20.71 eV

HF/STO-3G

(canonical molecular orbital) 
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 1(1a1) 2 (2a1) 3 (1b2) 4 (3a1) 5 (1b1) 6 (4a1) 7 (2b2)
(eV) 551.07 34.22 16.16 12.51 10.68 15.83 18.85

1s 0.994 0.234 0.000 0.104 0.000 0.126 0.000
2s 0.026 0.844 0.000 0.538 0.000 0.820 0.000
2px 0.000 0.000 0.000 0.000 1.000 0.000 0.000

2py 0.000 0.000 0.613 0.000 0.000 0.000 0.960

2pz 0.004 0.123 0.000 0.756 0.000 0.763 0.000

1s(Ha) 0.006 0.156 0.449 0.295 0.000 0.769 0.815
1s(Hb) 0.006 0.156 0.449 0.295 0.000 0.769 0.815

 

HF/STO-3G
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3.5.2 
(NBO)

1(O Ha)=0.7691(0.3816 2s+0.7071 2py 0.5953 2pz)+ 0.6391 1s(Ha)

2(O Hb)=0.7691( 0.3816 2s+0.7071 2py+0.5953 2pz) 0.6391 1s(Hb)

3(CR)= 1s

4(LP)= 0.8419 2s+0.5397 2pz

5(LP)= 2px
E1 = E2= 487.30kJ mol-1 O-H 493.7 kJ mol-1

(NBO)

1(C Ha) = 0.3627( 2s+ 2px+ 2py+ 2pz) + 0.6885 Ha

2(C Hb) = 0.3627( 2s 2px 2py+ 2pz) + 0.6885 Ha

3(C Hc) = 0.3627( 2s 2px+ 2py 2pz) + 0.6885 Ha

4(C Hd) = 0.3627( 2s+ 2px 2py 2pz) + 0.6885 Ha

5(CR)= 1s

1~ 4 4 C H
5 1s
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3.6 
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3.6.2 
• A B

A B A
B AB2

•

•
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(resonance structure)
(bond eigenfunction)
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3.6.3 (hybrid orbital)

s p

f

 0 1/4 1/3 1/2 3/4 1 
f 1.732 2 1.991 1.933 1.732 1 

 p sp3 sp2 sp  s 

3 5 7f

ij
2 33cos 1 5cos 3cos

cos 0
2 2

ij ij ij
i j i j ij i j i j
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AB2

CO2 sp

H2O sp3 V

AB3

BF3 sp2

NH3 sp3

AB4

CH4 sp3

PtCl4
2- dsp2

AB5

IF5 dsp3

PF5 dsp3

AB6

SF6 sp3d2

Co[(NH3)4]3+ d2sp3


