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26 ɐɌɔɡɃɒɡ 2020

ȮɇɈɆɕɏɂɒɐɆɏɂɡ ɚɌɐɍɂ
"ȱɇɒɓɑɇɌɔɊɄɏɝɇ ɓɔɂɏɆɂɒɔɝ 

ɄɒɇɎɇɏɊ Ɋ əɂɓɔɐɔɝ 
ɏɂ ɂɔɐɎɏɝɗ Ɋ ɡɆɇɒɏɝɗ 

ɑɇɒɇɗɐɆɂɗ"



ȱɍɂɏ ɆɐɌɍɂɆɂ

1. ȰɓɐɃɇɏɏɐɓɔɊ ɟɍɇɌɔɒɐɏɏɐɋ ɓɔɒɕɌɔɕɒɝ ɂɔɐɎɂ ɔɐɒɊɡ

2. ȰɓɐɃɇɏɏɐɓɔɊ ɟɍɇɌɔɒɐɏɏɐɅɐ ɓɔɒɐɇɏɊɡ ɕɅɍɇɒɐɆɏɝɗ
ɏɂɏɐɓɔɒɕɌɔɕɒ(ɖɕɍɍɇɒɇɏɐɄ, ɅɒɂɖɇɏɂɊ ɔ.Ɇ.)

3. ȮɇɔɐɆ ɒɂɓəɇɔɂ (ȷɂɒɔɒɊ-ȶɐɌ + Ȯȱ2)

4. ȷɊɎɊəɇɓɌɂɡ ɓɄɡɉɞ ɔɐɒɊɡ ɄɏɕɔɒɊ ɎɐɍɇɌɕɍ
ɖɕɍɍɇɒɇɏɂ (ȳ60, ȳ36, ȳ20)

5. ȷɊɎɊəɇɓɌɂɡ ɓɄɡɉɞ ɔɐɒɊɡ ɓ ɕɅɍɇɒɐɆɏɝɎ ɚɇɓɔɊɕɅɐɍɞɏɊɌɐɎ
(ɔɐɒɊɋ ɓ ɃɇɏɉɐɍɐɎ)

6. ȷɊɎɊəɇɓɌɂɡ ɓɄɡɉɞ ɔɐɒɊɡ ɓ ɌɐɒɐɏɇɏɐɎ
(ɎɐɆɇɍɊɒɕɛɊɋɅɒɂɖɇɏ, ɕɅɍɇɒɐɆɏɕɠ ɏɂɏɐɔɒɕɃɌɕ)

7. ȤɝɄɐɆɝ



ȢɔɐɎ ɔɐɒɊɡ

ȿɍɇɌɔɒɐɏɏɂɡ ɌɐɏɖɊɅɕɒɂɘɊɡ:   [Rn] 6d 27s2

ȰɓɔɐɄɏɂɡ(86 ɟɍɇɌɔɒɐɏɐɄ!) Ɋ 
Ʉɂɍɇɏɔɏɂɡ (ɔɐɍɞɌɐ 4 ɟɍɇɌɔɒɐɏɂ!)
ɟɍɇɌɔɒɐɏɏɝɇ ɑɍɐɔɏɐɓɔɊ ɔɐɒɊɡ

ȿɍɇɌɔɒɐɏɏɂɡ ɑɍɐɔɏɐɓɔɞ ɂɔɐɎɏɝɗ
Ʉɂɍɇɏɔɏɝɗ ɐɒɃɊɔɂɍɇɋɔɐɒɊɡ

E(7s) = -4.31 ɟȤ
E(6d) = -3.25 ɟȤ



ȢɔɐɎ ɔɐɒɊɡ

ȮɏɐɅɐɟɍɇɌɔɒɐɏɏɝɇ ɂɔɐɎɏɝɇ 
ɓɑɇɌɔɒɝ (Ɇɂɏɏɝɇ NIST )



ȢɔɐɎ ɔɐɒɊɡ

ȿɍɇɌɔɒɐɏɏɂɡ(ɄɐɉɃɕɈɆɇɏɏɂɡ) ɌɐɏɖɊɅɕɒɂɘɊɡ:   [Rn] 5f6d7s 2

ȰɓɔɐɄɏɂɡɊ Ʉɂɍɇɏɔɏɂɡ 
ɟɍɇɌɔɒɐɏɏɝɇ ɑɍɐɔɏɐɓɔɊ ɔɐɒɊɡ

ȿɍɇɌɔɒɐɏɏɂɡ ɑɍɐɔɏɐɓɔɞ ɂɔɐɎɏɝɗ
Ʉɂɍɇɏɔɏɝɗ ɐɒɃɊɔɂɍɇɋɔɐɒɊɡ



ȵɅɍɇɒɐɆɏɝɇ ɏɂɏɐɎɂɔɇɒɊɂɍɝ: Ʌɒɂɖɇɏ, 
ɕɅɍɇɒɐɆɏɂɡ ɏɂɏɐɔɒɕɃɌɂɊ ɖɕɍɍɇɒɇɏ

Ʌɒɂɖɇɏ - ɃɂɉɐɄɂɡ ɓɔɒɕɌɔɕɒɂ 
Ɇɍɡ ɖɐɒɎɊɒɐɄɂɏɊɡ 
ɆɒɕɅɊɗ ɂɍɍɐɔɒɐɑɏɝɗ 
ɖɐɒɎ ɕɅɍɇɒɐɆɂ: 
ɅɒɂɖɊɔ (ɓɔɐɑɌɊ), 
ɏɂɏɐɔɒɕɃɌɂ (ɓɌɒɕəɊɄɂɏɊɇ), 
ɖɕɍɍɇɒɇɏ (3-ɓɔɐɒɐɏɏɇɇ
ɉɂɎɝɌɂɏɊɇ Ʉ ɌɂɒɌɂɓ)



ȦȤȧ ȰȳȯȰȤȯȽȷ ȶȰȲȮȽ ȵȥȭȧȲȰȦȢ

ɔɇɔɒɂɟɆɒɂɍɞɏɂɡ ɔɒɊɅɐɏɂɍɞɏɂɡ

sp3 sp2ɅɊɃɒɊɆɊɉɂɘɊɡ

s-ɐɒɃɊɔɂɍɊ

p-ɐɒɃɊɔɂɍɊ
(pz)

ɂɍɎɂɉ

Ʌɒɂɖɇɏ,
ɅɒɂɖɊɔ,

ɖɕɍɍɇɒɇɏɝ,
ɏɂɏɐɔɒɕɃɌɊ



sp3 Ɋsp2 ɅɊɃɒɊɆɊɉɂɘɊɡ

ɔɇɔɒɂɟɆɒɂɍɞɏɝɋ ɔɒɊɅɐɏɂɍɞɏɝɋ

sp3 sp2ɅɊɃɒɊɆɊɉɂɘɊɡ
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Ʉ ɐɃɐɊɗ ɓɍɕəɂɡɗ (ɑɐ ɑɂɒɘɊɂɍɞɏɝɎ ɄɌɍɂɆɂɎ) ɉɂɆɇɋɓɔɄɐɄɂɏɝ
1sðɟɍɇɌɔɒɐɏ Ɋ 3pðɟɍɇɌɔɒɐɏɂ!



sp2 ɅɊɃɒɊɆɊɉɂɘɊɡ

ɔɒɊɅɐɏɂɍɞɏɝɋ
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ɔɒɊ
s-ɐɒɃɊɔɂɍɊ

ɐɆɏɂ

p- ɐɒɃɊɔɂɍɞ
pz - ɐɒɃɊɔɂɍɞ

ɓɄɐɃɐɆɏɐɅɐ ɂɔɐɎɂ



ȲɂɉɆɇɍɇɏɊɇ ɓɑɇɌɔɒɂ s- Ɋp-
ɎɐɍɇɌɕɍɡɒɏɝɗ ɕɒɐɄɏɇɋ

ȱɐɍɏɐɇ ɒɂɉɆɇɍɇɏɊɇ ɟɏɇɒɅɇɔɊəɇɓɌɐɅɐ ɓɑɇɌɔɒɂ ɏɂ ɕəɂɓɔɌɊ ɓ s- Ɋ p- ɕɒɐɄɏɡɎɊ
(Ʉ ɆɇɋɓɔɄɊɔɇɍɞɏɐɓɔɊ ɟɔɐ ɔɐɍɞɌɐ ɑɒɊɃɍɊɈɇɏɊɇ) 
ɑɐɉɄɐɍɡɇɔ ɒɂɓɓɎɂɔɒɊɄɂɔɞ Ɋɗ ɏɇɉɂɄɊɓɊɎɐ. 

ȣɍɂɅɐɆɂɒɡ ɟɔɐɎɕ ɎɐɈɏɐ ɑɇɒɇɋɔɊ Ɍ ɎɐɆɇɍɊ ȷɠɌɌɇɍɡ Ɋ 
ɒɂɓɓɎɂɔɒɊɄɂɔɞ ɔɐɍɞɌɐp-ɕɒɐɄɏɊ.

s-ɂɏɔɊ-ɓɄɡɉɝɄɂɠɛɊɇ y*

p-ɓɄɡɉɝɄɂɠɛɊɇ  y

p-ɂɏɔɊ-ɓɄɡɉɝɄɂɠɛɊɇ  y*

s-ɓɄɡɉɝɄɂɠɛɊɇ  y

s* -ɓɑɇɌɔɒ

s-ɓɑɇɌɔɒ

p* -ɓɑɇɌɔɒ

p-ɓɑɇɌɔɒsp2

ɅɊɃɒɊɆɊɉɂɘɊɡ

ɉɂɑɐɍɏɇɏɏɝɇ ɕɒɐɄɏɊ

pz

ɕɒɐɄɏɊ ɂɔɐɎɂ
ɕɅɍɇɒɐɆɂ



60 ɆɇɍɐɌɂɍɊɉɐɄɂɏɏɝɗpɐɒɃɊɔɂɍɇɋC60

 =1, 2, 3, ..., 60i
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sp2 ðɕɅɍɇɒɐɆɏɝɋ ɌɂɒɌɂɓ
(s-ɐɒɃɊɔɂɍɞ)

pz ðɕɅɍɇɒɐɆɏɂɡ
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ȮȰȭȧȬȵȭɁȲȯȽȧ ȰȲȣȪȴȢȭȪC60

ȤȩȮȰ=
Ʉɝɓɚɂɡ
ɉɂɏɡɔɂɡ
ɎɐɍɇɌɕɍɡɒɏɂɡ
ɐɒɃɊɔɂɍɞ

HOMO =
highest
occupied
molecular
orbital 
(eng)

ȯȳȮȰ=
ɏɊɉɚɂɡ
ɓɄɐɃɐɆɏɂɡ
ɎɐɍɇɌɕɍɡɒɏɂɡ
ɐɒɃɊɔɂɍɞ

LUMO =
lowerest
unoccupied
molecular
orbital
(eng)



ȮɐɍɇɌɕɍɂ ɖɕɍɍɇɒɇɏɂ C60

ȵɏɊɌɂɍɞɏɂɡ (ɎɂɌɓɊɎɂɍɞɏɂɡ ɔɐəɇəɏɂɡ) ɓɊɎɎɇɔɒɊɡ:
ɓɊɎɎɇɔɒɊɡ ɊɌɐɓɂɟɆɒɂ Ɋɉ 60 ɐɑɇɒɂɘɊɋ

(120 ɓ ɕəɇɔɐɎ ɊɏɄɇɒɓɊɊ)  
ȱȳȧȤȦȰȢȴȰȮ ȪȬȰȳȢȿȦȲȪȹȧȳȬȰȫ (I h) ȳȪȮȮȧȴȲȪȪ
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