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 ─ ⌐≈™≡⁹ 

 

ה  

ה  ─ ─ ╙№╡╕∆⅜⁸ ⌐ ╢≤ ─ ⌐ ⅜ ⅎ√ ≤

™∫√ ∂≢∆⁹≢∆⅜ ⅜ ™─≢ ─ ╙ ⇔⁸ ⅜№╛┤╛⌐⌂╡⅜∟≢

∆⁹╦⅛╠⌂™ ⅜№╣┌ ⌐ ⅝╕⇔╞℮⁹ 

↓─◦◔ⱪꜞ╙ ≢№╡⁸ ⅜ ╦∫≡™╢ ╙№╡╕∆⁹ⱪꜞfi

♩╛ ─ ↕≤ ⌐⁸ │ ⌐│≤≡╙ ⌐ ⅎ≡ↄ╣╕∆⁹ 

 

ה  

 ꜠ⱳה♩כ ה ♥☻♩⌐╟╢ 30 70 ≤ ─╖ 100 ╩ ⇔⁸≥∟

╠⅛ ™ ╩ ≤⇔╕∆⁹ ⌐ │ ⇔⌂™≤ ⇔≡™╕⇔√⁹ ╛

≤─ ╙№╡╕∆⅜⁸ │ ╡─ ≢∆⅛╠ ∫√ ≢ ╗↓≤⌐⌂∫≡

⇔╕℮─≢↔ ↄ∞↕™⁹ 

 ♥☻♩│ ⁸│≡™≈⌐♩כⱳ꜠⁹כ◕ ™≡ ∆╣┌ ─ │ ⌂™

∕℮≢∆⁹ 

 

ה  

 90 ⁸꜠ⱳכ♩ ⌐ ∂√ ⅜ ↕╣╕∆⁹ ─ │꜠ⱳכ♩╩ ⅛

╣┌ ⌂╠ ≢⅝╕∆⁹∟⌂╖⌐ ∟ ╖ ≢⇔√⁹ 

 Ɑכ☺⌐ 2014 ╩ ⌐⇔√ ╩ ╣╕⇔√─≢⁸ ⌐≥℮∙⁹ 

 

ה ─  

 7 ↄ╠™≢∆⁹ 

 

 

 

 

1 │ ─ ⌐ ╛↕╣╕⇔√⁹╟∫≡ │ 2 ⅛╠≤⌂╡╕

∆⁹ 

 

 

 

 

 

β ╛ ╡⅜№╢⅛╙≢∆⁹ ↕╣√ ⌐│⅔ ≢∆⅜⁸twitter @TtH61008 ╕

≢ꜞⱪ╛ DM ≢↔ ™√∞↑╣┌ ™≢∆⁹ 
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2  

Lewis ≤ VSEPR 

 

ꜟ▬☻ ≢™℮≤↓╤─ ─↓≤ 

○◒♥♇♩ ─ ╡─ ⅜ 8 ─ ⁹ 

№╢ ─ ╡─ ⅜ 8 ─ ≢ ≤⇔≡ ∆╢≤⅝○◒♥♇♩

╩ √↕⌂™≤™℮ 

VSEPR ≤⌂╢ ─ ≈ ─ ≢ ─ ╩ ∆╢ ⁹ 

─ ⅜≢⅝╢∞↑ ↕ↄ⌂╢╟℮⌐ ↕╣╢√╘⁸ ≤⇔≡ ─

™ ⌐⌂╢⁹ 

 

 

 

 VSEPR ⌐⅔™≡│⁸ ─ ─ ╡─ ─ ⌐ ∂√ ─╟℮⌂

╩ ⌐⇔≡ ─ ⅜ ↕╣╢⁹↓╣⌐ ⅎ ─ ↕⌂≥╩ ⇔√

╙∫≤╙ ─ ↕ↄ⌂╢ ⌐ ∟ ↄ⁹ 

 

⌐│ ╙ ╕╣╢⁹∕⇔≡ ─ ⅛╠ ─

∞↑ ╩ ╡ ™√ ≢ ∆╢⁹ 

√≤ⅎ┌ ╩ 2 ≈ O ⅜ ─(/≢№╣┌ ⅛╠ ╩ ≈ ™

√ ╣ ⌐⁸ 1 ─.(⌂╠ ╩ ≈ ™≡ ⌐⌂╢⁹ 

 

 

ה ─ ™ 

│ ⌐ ═≡ ⅜ ™⁹↓╣│ ╩ ⅝ ↑╢ ⅜⁸ ─

1 ⇔⅛⌂™√╘⌐ ⌐╟╡ ≠ↄ⅛╠⁸⌂≥─ ⅜ ⁹ 

 

ה  

VSEPR ≢│ ╛ ─ │∆═≡ ≈─ ≤⇔≡ ╦╣╢⁹ ↄ─ ╩

⌐ ⇔≡™╢√╘⁸ │ ─ ╟╡ ™⁹ 

 

↓╣╠│ ─ ╟╡ ™ ╩ ≈√╘ ─ ≤─ ⅜ ↄ⌂╢⁹ ⌐

│ ≠ↄ↓≤⌐⌂╢⁹√≤ⅎ┌◄♅꜠fi ─ C─ ╡│ ╩⌂∆⅜

C C H │ 120°╟╡ ⅝ↄ⁸H C H │ 120°╟╡ ↕ↄ⌂╢⁹ 
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╕√ ⅜ ™╒≥ │ ⇔ ╘╠╣╢─≢⁸√≤ⅎ┌(/─ H O H

─ ≤.(─ H N H ─ ╩ ═╢≤⁸╟╡ ─ ™(/─ ⅜∕─ │ ↕

™⁹( ee│ ) 

 

 ╕√ ─ │⅛⌂╡ ™─≢⁸2≈ ⇔√ ⁸ ™⌐≢⅝╢ ╡

↨⅛╢ ⌐ ↕╣╢⁹ ⌂╠ │ ⅜╙℮ ─ ─

≤⌂╢⁹ 

 

 

™ↄ≈⅛ ≢ ∫√  

 &3ה

 S │ ╡⌐ 6≈─ ╩╙≈─≢ ─ │ ⁹ ─ ⅜ ╩ ⅎ╢─≢

≤╟┌╣╢⁹ 

 

⌂─≢ │ 90°≢№╢⁹ 

 

 &Ò"ה

 Br │ ╡⌐ 5≈─ ≤ 1≈─ ╩╙≈⁹ 

 

─ ™ ⅛╠⁸ ee Br F │ 90°╟╡╦∏⅛⌐ ⅝ↄ⁸F Br

F│ 90°╟╡╦∏⅛⌐ ↕ↄ⌂╢⁹ 
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 &0ה

 P │ ╡⌐ 5 ─ ╩ ≈⁹ 

 

≤⌂╢⁹ ≤⌂╢ ≈─ F ≤ ╩⌂∆ ≈─ F │ ─╟℮⌐ ↕╣╢⁹√

∞⇔↓─ │ ≢ ⅜ ╦╡ axial ≤ equational ⅜ ╣ ╦╢─≢∆═≡─ F │ ≢

№╢⁹ 

 ∞⅜ ⌂≥⅜ ╢≤ │ ╦∫≡ↄ╢⁹ 

 

 &3ה

 S │ ╡⌐ 4 ─ ≤ 1 ─ ╩ ≈⁹ 

 ↓─ │ equational ─ ≢ ↕╣╢⁹⌂−⌂╠ ee S F ─⌂∆ 90°

≢№╢( ↄ⌂╢)F ⅜⁸ee⅜ axial ⌐№╢ 3≈⁸equational ⌐№╢ 2≈∞⅛╠≢№╢⁹ 

 

 ─ ≢ Fax S Fax │ 180°╟╡╙ ⇔ ⌐ →╠╣╢⁹↓─ │

כ♁כ◦ ≤ ┌╣╢⁹ 

 

 &Ì#ה

 Cl │ ╡⌐ 3 ─ ≤ 2 ─ ╩ ≈⁹ 

 ↓─ │ 2≈≤╙ equational ─ ╩≤╢⁹ 

 

 T ≤ ┌╣╢ ╩≤╢⁹ 
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 &8Åה

 Xe │ ╡⌐ 4 ─ ≤ 2 ─ ╩╙≈⁹ 

 ⇔√╟℮⌐ │ ─ ╩≤╢⁹ 

 

 ≤⇔≡ │ ⌐⌂╢⁹ 

 

 

 

VSEPRה ╩ √↕⌂™  

 

ה   

d ⌂≥─ ⅜ ⌐ ∆╢√╘⁹ 

)N[Si(Cה  ⅔╟┘ N(SiH3)3 

  ⅜≤≡╙ ⅝™√╘⌐ ─ ╩ ⇔≡ ≢ ∆╢⁹ 

 SbPh5(Ⱬ◐◘ⱨ▼♬ꜟ▪fi♅⸗fi)ה 

  ⅜ 5≈─ ⌂─∞⅜⌂−⅛  
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3  

  

 

ủ ⌐╟╢  

 

(VB)╩ (MO)≤ ↕∑≡ ∆╢⁹ 

≈│ ₁ ─ ≢ ⅜≥─╟℮⌂ ⅝╩∆╢⅛─ ⅎ ⁹ ≢│ │

⅜⌂∆ ⌐ ╕╡⁸ ≢│ ⌐ ∆╢≤ ⅎ╢⁹ ≢│ ∂

≡⁸∕╣∙╣─ ⅎ ⌐ ≠™√ ⌐⅔↑╢ ─ ─ ≤™℮ ≢ ╦

╣√⁹ 

 

─ │ ⌂─≢⁸ ⌂ ─ ╩ ⇔√╡⅛↑√╡⇔≡ ⇔≡╖╟℮

≤™℮ ⁹∕─ ⅜ ℮⁹ 

 ( ╩ ⌐⇔≡ ⅎ╢⁹ ╩ A B ≤⇔ ╩ e≤⇔≡№╠╦∆⁹ 

 

≢│ ╩ ⇔≡™╢⁹ ≤⇔≡ɋ│ ─ ≢ɫ│ ₁─ ─

╩ ⇔≡™╢⁹ 

 

ה  

 ─ ⌂ ╩⁸ ∞↑╩ ⅎ√ ─ ≤⇔≡ ⅎ╢⁹ 

 A⅜⌂∆ 1s ─ ╩ɫA⁸B⅜⌂∆ ╩ɫB≤⅔ↄ≤⁸ 

 ( ─ ─ │ e1╙ e2╙∕╣∙╣ 

  • •  

  • •  

≤⌂╢⁹ ⅛╠ ─ ─ │ ⇔™⁹ 

 

 ⌂ │ ≈─ ─ɋ╩ ↑ ∆╢⁹↓╣│ ⅜ ─ ╩ ∆─

≢⁸↕⌂⅜╠ ≈─◘▬◖꜡⅜ 1╩ ∆ ╩ ╘╢≤⅝⌐  ≤™∫√ ↑ ╩∆╢╟℮

⌂↓≤≢№╢⁹ 

   • • • •  

             • • • • • • • •   



2014    

- 7 - 

  

ה  

 ─ ⌂ ╩⁸ ⌐ ™ ⌐╟╢ ∞↑╩ ⇔≡ ╖ ≡╢⁹ 

 ╕∏ ╘⌐ e1│ A ⌐╟╢ ∞↑╩⁸e2│ B⌐╟╢ ∞↑╩ ⅎ√ ╩ ∆⁹ 

   • •  

 ↓─ ∞↑≢│∆═≡─ ╩ ∆↓≤│≢⅝≡™⌂™⁹ AB ─ ≤◄Ⱡꜟ◑כ─

╩ ⇔√◓ꜝⱨ│⁸↓─ɋ╩ ∫≡ ∆╢≤⁸ │≥♃כ♦ ⅝ↄ∏╣╢⁹ 

  

∕↓≢ e1⅜ B⌐⁸e2⅜ A ⌐ ™ ╩ ⅎ╢⁹ 

  • •  

≈─ │ ─ ╩ ╡╣┌₈ ₉≢№╢⁹∕─√╘ ╩ ∆ │

─ ≤⇔≡№╠╦∑╢⁹ ₁─ │ √ ⌐│ ⅜⌂ↄ⁸≥∟╠╙ ≢ ↓╡

℮╢─≢⁸ │ ⇔™⁹↓─ │  ⌂≥≤ ↕╣ 

  • • • •  (Heitler ð London  ) 

↓╣⅜ ≢№╢⁹↕╠⌐ ─╟℮⌂ ⅜⌂↕╣≡™╢⁹ 

 

e1╙ e2╙ A ╕√│ B⌐ ≠ↄ ╩ ⅎ╢⁹ ⅜ ─ ⌐ ∫√ ≢№╡⁸

≤⇔≡│ ─╟℮⌂ ╩≤╢⁹ 

 

↓─ ─ │  ⌂≥≤ ↕╣╢⁹A ⌐ ≠ↄ ⁸B ⌐ ≠ↄ ╩

⇔≡ 

  • • • •  

⌂ │  ≤  ╩ ∆╢⁹√∞⇔ │ ∂≢│⌂™⁹↓╣│

⅜ │A╙℮ │B≤™℮╟℮⌐ ╣≡ ∆╢─≤⁸A,B ─™∏╣⅛⌐ ╢─≢│⁸

─ ⅛╠ ─ ⅜ ↓╡╛∆™⅛╠≢№╢⁹ 

    ‗   

         • • • • ‗• • • •  

ɠԇ0.25 ≢№╢⁹↓─ │⁸ ─◓ꜝⱨ⅜╟╡ ⌐ ≠ↄ╟℮⌐ ⇔√ ≢№

╢⁹ 

⌂ ╩ ═≡╖╢≤⁸ ⌐╟╢ ─╒℮⅜╟╡ ≢№╢⁹ │

─ɠ╩ ⌐╟╢ ≢│ɠ 1≤⇔≡⇔╕∫≡™╢⅛╠≢№╢⁹ 

⇔⅛⇔ ─⇔╛∆↕⅛╠ ⅜ ⱷ☺ꜗ⁹╢№≢כ 
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ủ ≤ ─ ⌐⅔↑╢ ™⁹ 

  

╟ↄ ╢ ─ │ ╩ ⌐ ≠™≡ ⇔√ ≢№╢⁹( │ ╩ ⇔

≡™╢) 

  

 

─ ⅛╠ HOMO ╛ LUMO ⅜╦⅛╢⁹ ◄Ⱡꜟ◑כ╩ ⅎ╢─╙

─ ≢№╢⁹ 

 

∞⅜↓─ ≢ ⅎ╢─│ ∞↑≢⁸ ╩ ℮─│ ⇔ ⇔™ ⇔ↄ│ 7,8 ≢ ⁹

∕╣⌐ ⇔ ⌐ ≠™√ ─ ( )│∕─ ╩ ⇔≡™╢⁹ 

 

─ O ─ ─ ⅛╠⁸ ⅜ ∆╢≤⅝≥─ ⌐ ⅜ ╢⅛⅜╦⅛

╢⁹H2O≢№╣┌ 2px≤ 2py ⌐ ─ ⅜ ╡⁸ ∫≡╙ O─ 2s ⌐│

╠⌂™≤™℮─⅜╦⅛╢∞╤℮⁹ 
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ủ ⌐╟╢ ─ ⁹ 

⌐╟∫≡ ⇔√ ─ ╩ ─ ╩ ∆╢─⌐ ≢⅝╢⁹ 

⅛╠ ⇔√ ─ ╡⁹ 

 

─╟℮⌐ 2px2py⌐ ⅜ ╡⁸H2O─ │ 90°─ ╣ ╩≤╢≤ ≢⅝

╢⁹ ⌐│ ⅜ O⌐ ╢↓≤≢ ⅜ ⇔⁸H ⅜ ⇔№℮─≢ │ 90°╟

╡╙∏∫≤ ⅝ↄ⌂╢⁹ 

 

↓─ ⅎ ≢ CO2─ ╙ ≢⅝╢⁹C ─ 2s≤ 2pz│ sp ╩⌂⇔⁸2≈

─ O ─ 2px⌐ ∆╢ ⅜ ≈∏≈ ╢⁸↓╣⌐╟∫≡ │ ≤⌂╢( ⇔ↄ│

4 ≢)⁹ ⅝☻Ɑכ☻⅜ ╢ C─ 2py≤ 2pz⌐│ 2≈─ O─ 2p ─ ⅜ ╡

≤⌂╢⁹ 

 

  ⇔√ ─ ⅝│ ─ ─ ⌐╟∫≡ ↕╣╢⁹↓─ ─

⅛╠ ─ ⅝↕╩ ≢⅝⁸ ─ ⅝↕╙ ≢⅝╢⁹ 

  √≤ⅎ┌ H2S│ S─ ⅜ O╒≥ ⅝ↄ⌂™√╘ │ ↕ↄ⁸⇔√⅜∫≡

⅜ ↕ↄ⌂╢ ⁸ ⅜ H2O╟╡╙ ↕ↄ⌂╢⁹( ╙ ╩ ⇔≡™╢) 

 

  



  

- 10 - 

 

4  

feat.  

  

─ ╩ ⌐╟∫≡ ⅎ╢⁹ 

 

CH4⌂≥│ ⌐ ╩ ℮∞↑≢│ ≢⅝⌂™⁹∕↓≢ sp3⌂≥ ╩ ∆

╢ ⅜ ≡ↄ╢⁹ 

VSEPR ≢╙≢⅝╢⅜⁸↓∟╠│ ≢⌂™√╘⁸╟╡ ⇔™ ╩ ⇔≡™↓

℮≤™℮↓≤⁹ 

≤ ╩ ╖ ╦∑╢↓≤⌐╟∫≡⁸ ─ ה ⌂≥╩ ⌐

∆╢↓≤⅜≢⅝╢⁹ 

 

 │ px⁸py⁸pz─ (linear  combination)≢ ∑╢⁹ ⌐ ⇔√╡ ™√╡⇔

≡╙™™─⅛≤™℮ ╙№╢⅜⁸∕╙∕╙ px⁸py⁸pz ⁸ ╩ ⌐ ™√

─ ≢№╢( ᵑ)⁹ ─ │ ⁹sp │ ⁸sp2 │ ⁸sp3

│ ≤™℮↓≤╩ ⇔≡⅔↑┌╟™⁹╟ↄ sp│ 2s≤ 2pz⁸sp2│ 2s≤ 2px≤ 2py

╩ ∫≡ ↕╣╢↓≤⅜ ™⅜↓╣│ ⌂╙─≢⁸ ─ ┘ ╩ ⅎ╣┌ 2p─℮∟≥─

╩ ∫≡╙ ╦⌂™≤ ╦╣╢⁹ 

 

 √≤ⅎ┌ sp2│ ─╟℮⌂ ╩≤╢⁹ 

 

↓↓≢ sp2 ⅛╠ ⇔√ pz │ sp2╟╡╙ ™◄Ⱡꜟ◑כ╩ ≈⁹∕─√╘ⱨfi♩

─ ⌐╟╣┌ sp2⌐ 4≈─ ≡⅜ ╕╢╟℮⌐ ╦╣╢⅜⁸ ⌐│∕℮≢│⌂ↄ │

≈∏≈ 4≈─ ⌐ ╕╢⁹↓╣│ ≢ ⅎ√≤⅝⌐ ↓∟╠─ ⅜◄Ⱡꜟ◑כ⅜

ↄ ∟ ↄ√╘≢№╢⁹↓─╟℮⌂ ─ ⅝╩₈ ₉≤™℮⁹( ⌂≥⅛╠◄Ⱡꜟ◑כ╩ ≡

⌐ ⅜ ™◄Ⱡꜟ◑כ ⌐™ↄ₈ ₉≤│ ⌂╢─≢ ) 
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 ⌐│ ─ ⅜ √↕╣╢ ⅜№╢⁹ 

ה ─ │ ╩ ≈↓≤⁹ 

ה ⌐ ╕╣⌂™ ╙ ╘⁸ ™─ ⅜ ╩╙≈↓≤⁹ 

ה ↕╣≡™╢↓≤⁹ 

 ─ ≤│ 

•᷿ Äɩ•ה π (mԛn) 

 ⅜ √↕╣╢↓≤≢№╢⁹↓↓≢ Ὠ᷿† │ ⌐ ⅜╢ ≢ ─ ⁹ ⌐│ ⇔≡

™╢⅛≥℮⅛ ⇔™ 1s ≤ 2p ⁸ ─ ╙ ∆╢≤ 0 ≢№╡⁸ ⇔

≡™╢≤ ⅎ╢⁹ 

  

 

 ◄♅꜠fi─  

 ◄♅꜠fi ─ 2≈─ C│ ≤╙ sp2 ╩⌂∆⁹ 

 

C C ─℮∟⁸ ™─ sp2 ╩ ⇔ ⇔№∫√ │ɨ ≤ ┌╣╢⁹∕╣⌐ ⇔

pz ╩ ⇔ ∫√ │ɥ ≤ ┌╣╢⁹↓╣│ ⅛╠ √ ⌐╟╢╙─≢№

╢⁹( ᵒ) 

 ɥ ⌐╟∫≡ C2 ≈─ pz │ ™⌐ ∂ ⅝⌐ ↕╣╢⁹ │ ⌐

∑∏( ᵓ)⁸◄♅꜠fi─∆═≡─ ⅜ ⌐ ╕╢↓≤⌐⌂╢⁹ 

 

 

ⱬfi♀fi─  

 ⱬfi♀fi─ C │╕∏ sp2 ≢ ┌╣⁸↕╠⌐ ™⅜ pz ╩ ⇔ ∫≡ɥ

╩⌂∆⁹↓─ɥ ─ │ ─ ≢⅔↕╕╠∏ ╩≤╢⁹▬ⱷכ☺≤⇔≡│ ™─

♠♫כ♪⅜ ─ ╩⌂∆╟℮⌂▬ⱷ⁹╢№≢☺כⱳfi♦ꜞfi◓≢∆⌡⁹↓─ ─ ╩

⅜ ⌐ ╡ ↑╢▬ⱷכ☺⅜ ⇔≡™╢⁹ 

 

 ─ ⌐╟╡ ◄Ⱡꜟ◑כ│ ⇔ ⇔√ ≤⌂╢⁹╕√ ⅛╠ C ─

⅜ ⇔™ ≤⌂╢⁹ 
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1,3 Ⱪ♃☺◄fi─  

 ⌐╟╡ │ ↕╣╢⁹ ≢⌂™─≢ ⌐ ⅜ ∆╢╦↑≢│⌂

™⁹ 

 

 

 

ᵑ  

╩ ⌐ ↄ≤ 2⁸ 1─ 3≈─ p⁸põ⁸põõ─℮∟ 2

≈│ ≤⌂╢⁹∞⅜∕╣≢│ ⌐⅔™≡│ ⌐ ™≠╠™√╘⁸℮╕™↓≤∕╣

∙╣⅜ ⅛≈ ↕╣≡™╢╟℮⌐ ⇔⁸ ⌐⇔√─⅜ px⁸py⁸pz≢№╢⁹ 

⅛⇔─ ≢ ™√ ─ │╕↕⌐∕─ ≢№╢⁹ 

 

(╙℮∟╞™ ⇔™ ) 

כ●fi▫♦כ꜠ꜙ◦│ Ὄ  Ὁ ─Ὄ╩ ≤╖╢≤⁸Ὁ╩ ≤∆╢

ⱬ◒♩ꜟ≢№╢⁹∕⇔≡ ⌐ ╡⌐ ⅜∫≡™╢ │⁸ │™╤™╤⌂ɋn⅜

⌡ ╦↕∫√╙─≢№╢⁹≈╕╡ ⌂ ɍ│ ( En)⌐ ⇔√ ⱬ◒♩

ꜟɋn╩ ⇔√╙─≢№╢⁹↓─ ⅎ ≢│ɋ│ɍ╩ ∆℮ⅎ≢─ ≤ ⅎ╢↓≤⅜≢

⅝╢⁹ 

╩ ∆℮ⅎ≢ ─ ╡ │ ⌐ ╕╠⌂™≤™℮─│ и≢ ∫√ ╡⁹ 

╕√⁸№╢ ⌐ ⇔ ⅜ ╩ ≈↓≤≢ ⱬ◒♩ꜟ⅜ 2≈ ∆╢

⁸∕╣╩ ↕∑≡ √⌐ ∫√ⱬ◒♩ꜟ╙ ⱬ◒♩ꜟ─ ╩ √∆⁹ 

ḉ  Ὄ• Ὁ•⅛≈Ὄ• Ὁ•  

ᵼὌὥ• ὦ• ὥὌ• ὦὌ• ὥὉ• ὦὉ• Ὁὥ• ὦ•  

 

─ (3)─ 3 │ ὣȟȟὣȟ ὣ ȟὣ ȟὣ ≤╙⁸E ⅜ 2p⌐ ⇔√◄Ⱡꜟ◑⁸כ≈

╕╡ E=E 2p⅜ ─ ─ ⱬ◒♩ꜟ 3 ≈≢№╢⁹↓─≤⅝ ─ E2p│ ≢

№╡⁸ ≤ ┌╣╢ ≢№╢⁹ 

∕─√╘ ὣȟȟὣȟ ╩℮╕ↄ ↕∑≡ ∫√ ὣ ȟὣ ȟὣ כ●fi▫♦כ꜠ꜙ◦│
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╩ √∆⇔⁸∕╣╝ⅎ ─ ⌐ ⇔≡╙⌂╪╠ ⌂™≤™℮↓≤⌐⌂╢⁹(↕╠

⌐ ≢№╢ ⅜№╢⅜⁸≥∟╠─ 3 ≢╙∕╣│ √↕╣≡™╢) 

ɍ╩ ∆ ⌐│ ─ ╩ ⌐⇔≡ ∆≢╙⁸ ─ ╩ ⌐⇔≡ ∆≢╙⁸≥∟╠≢╙

╦╠⌂™⁹ 

 

ᵒ  

ɨ ╛ɥ ─╒⅛⌐╙ə ≤™℮─╙№╢⁹↓╣│ ⅛╠ ─ ╩ √

─ ─ ≢ ↕╣╢⁹ ⅛╠ √ ⅜ s ⌐ ™ќɨ ⁸p ⌐ ™ќɥ

≤⌂╢⁹ ⌐ d ⌐ ™ќə ≤⌂╢⁹ 

 

  ◄♅꜠fi─ sp2 sp2 ─ ╩ ⅛╠ √ ( │ ) 

 

 

  ⌐ ⇔≡ ≢№╡⁸s ⌐∕∫ↄ╡≢№╢√╘ɨ ⁹ 

 

  ◄♅꜠fi─ pz pz  

 

 

 

  p ⌐∕∫ↄ╡≢№╢√╘ɥ ≤⌂╢⁹ 
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  d ⌐∕∫ↄ╡⌂ ╩⌂∆ │ə ≤ ┌╣╢⁹ ⇔≡⅔⅝√™─│⁸↓

╣│ ⅜ ╩ ≈∏≈ ⇔ ∫≡≢⅝√ ≢№∫≡⁸ɥ 2≈⌂≥≤™∫√↓≤≢│

⌂™↓≤∞⁹ 

 

 

 

ᵓ  

│ ⌐│ ⇔⌂™⅜ pz ─ ─ 1≈⅜ ⌂≥≢ ∆╢≤ɥ ⅜ ╕

╡ ≢⅝╢╟℮⌐⌂╢⁹∕╣⌐╟∫≡◦☻─ ⅜♩ꜝfi☻⌐⌂∫√╡⁸∕─ ⅜ ↓∫

√╡≤™℮─⅜№╡℮╢⁹ 

↓─ │√≤ⅎ┌ ─ ≢╙ ↓∫≡⅔╡⁸ ─ ⌐╟╡ ─꜠♅ⱡכꜟ≤™℮

⅜♩ꜝfi☻ ─ 1≈╩◦☻⌐ ⅎ╢⁹↓╣⌐╟∫≡ ⅜ ∫√ ⅜ ╦╡⁸ ╩

∆╢↓≤⅜≢⅝╢≤™℮╦↑≢№╢⁹ 

 

 

 

 

 

 

─℮∟≥℮≢╙™™ ⁹ 

 

catenationה  

 ⅜ ⇔№™⁸™ↄ╠≢╙ ™ ╩ ╣╢ ⁹C ≢ ∆← ─ Si

∞≤∑™−™ 6≈ ⅜╢ↄ╠™⅜ ⁹ ◄Ⱡꜟ◑כ─ ↕⌂≥⅜ ≤⇔≡ ⅎ╠╣╢

⅜⁸C C≤ Si Si≢∕╣╒≥ ⅜№╢╦↑≢│⌂™⁹ 

 │ ⌐ ─ B ≤ ╩ ⇔≡™√⁹ │╒╓ ≢≥↓╕≢╙ ┘╠╣╢─

⌐ ⇔⁸ⱱ► ─ ≢│ ⅜ ⅜∫≡™⅝⁸ ┘╢─⌐ ⅜№╢─⅜ B ≢

catenation ─⅔↓╠⌂™ ⌂ ⁹ 

╟℮∆╢⌐ ─ ╩ ⇔√⅛∫√─∞╤℮⁹ 
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5 6  

 

 

 №╢ ⌐ ∆╢ ⅜≥─ ≢ ╩ ≈⅛⅜╦⅛╢√╘

─ ⌐ ↕╣╢⁹ 

  ⅜ ⌂ ⁸ ╛ ╩ ℮↓≤⅜≢⅝╢√╘⁸

╛◄Ⱡꜟ◑כ─ ⌐ ↕╣╢⁹ 

 

 ⌐⅔↑╢ ─╟℮⌂ ≢│ ─ ⅜⌂∆ ╛ ⁸ ╛

HOMOהLUMO ⅜ ⌐╦⅛╡╛∆™⁹ ◄Ⱡꜟ◑כ╩ ∆╢↓≤≢ ─ ⌐╟╢

─ ─ ™⌐╙ ≢⅝╢⁹ 
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ủ ╩ כ●fi▫♦כ꜠ꜙ◦≡™ ╩▪Ᵽ►♩⌐ ↄ ⁹ 

( ≢│ ─ ─ ╩•⁸ ≢ ∆╢ ╩ ≤⇔≡™╢) 

 

כ●fi▫♦כ꜠ꜙ◦─)  │ ─ ╡ 

Ѐ

ςά
ᶯ

Ὡ

τ“‐

ρ

ὶ

ρ

ὶ

ρ

Ὑ
  Ὁ  

  

 r R│∕╣∙╣ ≤ ─ ╩ ⇔≡™╢⁹ 

 │ ─ ╩Ὄ≤⅔⅝ ↕╣⁸Ὄ  Ὁ ≤ ↕╣╢⁹ 

 

 ≢ ╩ ╡ ℮≤⅝⌐│ ╩ ─ ─ ≢ ∆⁸

≤™℮ ╩∆╢( 1 LCAO)⁹ ─ ⁸ ≢ ∫√• •≢│⌂ↄ• •╩

≤⇔≡ ™╢⁹ 

 ─ ╩ ↄ↓≤≢⁸ ™─ ─ 1s⅜ ╖ ╦↕∫√ ⌐ ⅜ ╢↓≤⅜

⌐╦⅛╢⁹ ∕╣∙╣─ 1s─ ╩• •≤⅔ↄ≤ 

  ὅ• ὅ•  

≤ ∑╢↓≤⌐⌂╢( 3 ≢╙┤╣√⅜⁸↓─≤⅝⌐│ ⅛╠ ╟╡ CA=CB≤⇔≡⇔╕

∫≡™√⁹↓╣│∕─ ╩ ╘╟℮≤™℮ )⁹╙⇔╟╡ ─ ╩ ⅎ╢ │⁸

∆╢•╩ ╛∆↓≤⌐╟∫≡ ∆╢⁹ 

 

 ↓─ ⌐⌂╢─⅜ ⁹↓╣│₈ ⌐ ⇔√ ─ ─╙≈◄Ⱡꜟ◑כ│

╡╟♃כ♦ ™ ╩╙≈↓≤│≢⅝⌂™(╟╡ ™◄Ⱡꜟ◑כ─ ⅜ √≤⇔√╠⁸ ≢

│╟╡ ™◄Ⱡꜟ◑כ─╒℮⌐◦ⱨ♩⇔≡™╢│∏∞⅛╠)₉≤™℮╙─⁹ 

™ ⅎ╣┌₈ ⌂ ⅜ ₉≢№╡⁸ ─ ≢№╢ɋ╩ ≢ ∆ ⁸∕─

◄Ⱡꜟ◑כ⅜ ↕™╒≥ ─ ⌐ ™≤™℮↓≤⁹ 

 

 ╩ ⌐ ∆╢⌐│ CA╛ CB─ ╩ ⅎ≡™⅝ E ─ ⅜ ⌐⌂╢╟℮⌐∆╣

┌╟™⁹≈╕╡ ⇔≡ 0≢№╢⁹↓─ E E(CA CB)│◦ꜙ꜠כ♦▫fi●כ ╩™∂ↄ╢

↓≤≢ ╘╢⁹ 

 

 Ὄ  Ὁ ─ ⌐ ⅛╠ɋ╩⅛↑╢≤ 

  Ὄ   Ὁ  Ὁ   

 ≢ ⇔ 

  ᷿Ὄ Ὠ† Ὁ᷿ Ὠ† Ὁ᷿  Ὠ† 

 ↓╣╟╡ 
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 Ὁ
 ᷿Ὄ Ὠ†

 ᷿Ὠ†
 

 ⅜ ∆╢⁹ɋ╩ ⇔⁸ 

 Ὄ •᷿ Ὄ•Ὠ† 

 Ὄ Ὄ •᷿ Ὄ•Ὠ† •᷿ Ὄ•Ὠ†( ─√╘) 

 Ὄ •᷿ Ὄ•Ὠ† 

 Ὓ •᷿ Ὠ† 

 Ὓ •᷿•Ὠ† •᷿•Ὠ† 

 Ὓ •᷿ Ὠ† 

 ≤™℮╟℮⌐ ╩⅔ↄ≤ 

Ὁ
ὅὌ ςὅὅὌ ὅὌ

ὅὛ ςὅὅὛ ὅὛ
 

 ≤™℮ ╩ ╠╣╢⁹↓╣╩ C1⅔╟┘ C2≢ ⇔√ ╩ ≤⅔ↄ↓≤≢ 

ὅ Ὄ ὉὛ ὅ Ὄ ὉὛ π

ὅ Ὄ ὉὛ ὅ Ὄ ὉὛ π
 

 ⌂╢ ⅜ ≢⅝╢⁹ 

 

β ≢│ ─ ⌐•≤•╩ ₁⌐ ⅛╠⅛↑≡⁸∕╣∙╣ ⇔≡™√⁹

↓∟╠≢╙ ≢⅝ ╙ ⇔╛∆™─≢⁸ ⅎ ≤⇔≡│↓∟╠╩ ⌐≈↑╢≤™™⁹≈╕╡

─ │⁸™╠⌂™⁹≤│™ⅎ ⌂ ⅜ ╢ ╙№╢─≢ ⇔ ⇔≡⅔ↄ↓≤╩

╘╢⁹ 

 

 ─ ╩ ∆╢↓≤≢ɋ╩ ╘╢↓≤⅜≢⅝╢⁹ │ CA≤ CB─ 2≈⁸ ╙ 2≈⁹

CA≤ CB─ │ ⌐ ╘╢↓≤⅜≢⅝╢⁹ 

 

 ΝΝ∫≡⁸CA=CB=0∂╚⌡  ≈╕╡ɋԜ0∂╚⌡  

 

 ⅜ ─ ╩ ≈√╘⌐│ CA=CB=0 ─ ╩ ≈ ⅜№╢⁹∕╣⌐│

╩ ╩ ™√ ⌐ ⇔ 

Ὄ ὉὛ Ὄ ὉὛ
Ὄ ὉὛ Ὄ ὉὛ

ὅ
ὅ

π
π

 

 ( ─ ─ ) 0≤⌂╢ ⅜№╢⁹↓─≤⅝ │ CA≤ CB─ ⅜ ╢∞↑≢

│ ⌐ ╕╠⌂™⅜⁸⅛╦╡⌐ ─ ≈◄Ⱡꜟ◑כ─ E ⅜ ↕╣╢↓≤⌐⌂╢⁹

⌐ ⇔≡╖╢⁹ 

Ὄ ὉὛ Ὄ ὉὛ
Ὄ ὉὛ Ὄ ὉὛ

π  ( ) 

 

 ↓↓≢ ⌐≈™≡ ∆╢⁹ 

 (≢│ 2≈─ │≥∟╠╙ ∂╙─⌂─≢Ὄ Ὄ ⁸↓╣│ɖ≤⅔⅛╣◒כ꜡fi ≤

┌╣╢⁹ɖ│ ≢№╢⁹ 



  

- 18 - 

 

 HAB│ɗ≤⅔⅛╣ ≤ ┌╣╢⁹ɗ╙ ≢№╢⁹ 

 SAA⅔╟┘ SBB│•≤•⅜ ↕╣≡™╢ ⌐│ 1≤⌂╢⁹ 

 SAB│ S≤⅔⅛╣ ⌂╡ ≤ ┌╣╢⁹ ∞⅜∕─ │ ⅝ↄ│⌂™⁹ 

 ↓╣╩ ∆╢≤ ─╟℮⌂ ≤⌂╢⁹ 

‌ Ὁ ‍ ὉὛ
‍ ὉὛ ‌ Ὁ

π 

‌ Ὁ ‍ ὉὛ π 

‌ Ὁ ‍ ὉὛ ‌ Ὁ ‍ ὉὛ π 

Ὁ
‌ ‍

ρ Ὓ
  

 ↓╣╩ ─™∏╣⅛⌐ ∆╢↓≤≢ CA≤ CB─ ⅜ ╕╢↓≤⌐⌂╢⁹ 

 

⅜Eה ↕╣╢ ⁹ 

 ↓─ E │ ⅜ 1s ╩ ⇔ ∫√ɨ ─ ─◄Ⱡꜟ◑כ╩ ⇔≡™╢⁹ ⅜

╩ ┘ ↕∏⁸╕√ ⌐ ⅝ ╕╣╢↓≤╙⌂™╟℮⌐∆╢√╘⌐│ ⅜∟╞℮≥

™™◄Ⱡꜟ◑כ╩ ≈ ⅜№╢⁹ ╩ ╦╢ ⅜ ─ ─≤⅝⌐∞↑ ╩ ╡⁸∕

╣ ─ │∆←⌐ ⇔≡⇔╕℮─≤ ≢№╢⁹ 

 

 E─ ╩ ─ ⌐ ∆╢↓≤≢ 

‌
‌ ‍

ρ Ὓ
ὅ ‍

‌ ‍

ρ Ὓ
Ὓὅ π 

‌ Ὓ‌ ‌ᶸ‍ὅ ‍ Ὓ‍ Ὓ‌ᴜ Ὓ‍ὅ π 

Ὓ‌ ‍ὅ Ὓ‌ ‍ὅ 

Ḉὅ ὅ ↓↓╕≢  

⅜ √↕╣╢⁹↓╣│꜠ⱳכ♩ ≢╙№╢─≢ ⁹ 

╟∫≡  ὅ • • ⅜ 1s ╩ ⇔ ∫√ɨ ≢№╢⁹±│ ─ ⌐⅔™≡

│₈  ќ ( ) ≢ ╦╢₉₈  ќ ≢ ╦╢₉≤™℮ ⅜№╢⁹ ⌐ 

ὅ • • │ ─ ─ ⅛╠ɨg≤ ┌╣⁸  ὅ • • │ ⅛╠ɨu

≤™℮╟℮⌐╦↑╠╣╢⁹ ᵑ  

 

ɖ ɗ─ ⅜ ≢№╡⁸S─ ⅜ ↕™↓≤⅛╠ 

‌ ‍

ρ Ὓ

‌ ‍

ρ Ὓ
π 

 ⅜ ∆╢⁹≈╕╡╟╡◄Ⱡꜟ◑כ ⅜ ™ │  ὅ • • (ɨg )⌐№√

╢⁹ɨg≤ɨu─≥∟╠⅜◄Ⱡꜟ◑כ ⅜ ™⅛⁸∆⌂╦∟ ⅛≤™℮─│ g,u≤

⅜№╢╦↑≢│⌂ↄ⁸⅝∟╪≤◄Ⱡꜟ◑כ╩ ⇔≡ ╘╢ ⅜№╢⁹ 

∞⅜ ─ ─₈ ─ ⌂╡₉≤₈ ─ ⌂╡₉≥∟╠⅜ ⅝™⅛╩ ╢↓≤≢

⌐ ≢⅝╢√╘⁸ 1 ꜠ⱳכ♩─╟℮⌂ ⅝ ≢╟™≤™℮↓≤⌐⌂╢⁹ 
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 S─ │ ↕™√╘⁸↓╣╩ 0 ≤ ∆╢↓≤⅜≢⅝╢( 2)⁹↓─≤⅝Ὁ ‌ ‍≤⌂╢⁹

⅜ ⌐№╢   כ●fi▫♦כ꜠ꜙ◦╡╟≥↓╢⌂⌐• ⌐ ה ∆

╢↓≤≢Ὁ ‌≤╦⅛╢√╘⁸ │⅔⅔╟∕ȿ‍ȿ∞↑◄Ⱡꜟ◑כ⅜ ⅜∫≡⅔╡⁸

│ȿ‍ȿ∞↑◄Ⱡꜟ◑כ⅜ ⅜∫≡™╢≤ ⅎ╠╣╢⁹ 

 

 

ה ─  

⌂╡ S •᷿•Ὠ† 

 ─ ⅛╠╦⅛╢╟℮⌐ R⅜ 0⌐⌂∫√≤⅝ •᷿•Ὠ† 1⌐ ⇔ R⅜ ⅝ↄ⌂

╢≤ S│ 0⌐ ∆╢⁹ 

  

 

 

fi꜡כ◒ ɖ •᷿ Ὄ•Ὠ† 

 ɖ│ R⌐ ⇔ ≢№╡ Rќ 0≢ ─ ⌐ Rќӓ≢ ─ ⌐ ∆╢⁹↓─

│ ─◄Ⱡꜟ◑כ ⌐ ⇔™⁹R⌐╟∫≡│ ─ ╩≤╢⅜⁸∕↓╕≢ R⅜

↕ↄ⌂╢↓≤│⌂™⁹ɖ⅜ ≤™℮↓≤│ ╟╡╙◄Ⱡꜟ◑כ⅜ ↄ⌂╡℮╢√╘⁸∕↓

╕≢ ⅜ ≠ↄ↓≤│⌂™⅛╠∞⁹ 

 

 

 

( ≢│ ≤ ∫√) ɗ •᷿ Ὄ•Ὠ† 
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ɗ│ R ⌐ ⇔№╢ ╕≢ ⇔√─∟ ⇔≡⁸Rќӓ≢ ─ ⌐ ∆╢⁹Rќ 0

≢ ─ ⌐ ∆╢⁹ɖ≤ R ⌐╟∫≡│ ─ ╩≤╢⅜⁸∕↓╕≢ ⅜

ↄ↓≤│⌂™⁹ 

 

 

 

)≥)ה ⌐⅔↑╢ ◄Ⱡꜟ◑כ─ ™ 

 2≈─ ◄Ⱡꜟ◑כ─ │ ─╟℮⌐ ↕╣╢⁹ 

  

 ( │ ⌐№╢ ⅜ ™ ⅜ ™√╘⁸◄Ⱡꜟ◑כ⅜ ≤⌂╢ │(

╟╡ ↕™⁹╕√∕─≤⅝─ ⌐ ═√◄Ⱡꜟ◑כ ╙ ⅝™⁹ 

 

H2ה ─ 2 ⌐≈™≡⁹ 

 2 ⅜ ∆╢⅛≥℮⅛│ ─ ⌐╟∫≡ ∆╢↓≤⅜≢⅝╢⁹

⌐№╢ ⅜ ⌐№╢ ╟╡ ™⅛⁸∕╣≤╙ ⅛≢ ⅜ ∆╢

⅛≥℮⅛⅜╦⅛╢⁹ 

He2⅜ ∆╢⅛≥℮⅛│ ─ ⅛╠╦⅛╢⁹ 

 

 ╟╡ ה ─ ⅜ ⌂√╘ ⇔≡╙◄Ⱡꜟ◑כ ⌐ ⇔⌂™↓≤

⅛╠ He2│ ⇔⌂™⁹ 

⌐ Li 2│ ─ ⅛╠ ⇔⁸Be2│ ⇔⌂™↓≤⅜╦⅛╢⁹ 
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 │ Li 2─ ─ ≢№╢⁹ ─ ─╒℮⅜ 2 ↄ⁸∕─√╘ ⅜

⇔℮╢↓≤⅜╦⅛╢⁹ 

 

 │ Be2─ ─ ≢№╢⁹ ≤ ─ ─ │ ⇔ↄ⁸∕─√╘

│ ⇔ⅎ⌂™↓≤⅜╦⅛╢⁹ 
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ה ⌂╢ ─ ⅜ ↕╣№∫√ ⁹ 

 1s≤ 2p≤™∫√╟℮⌐◄Ⱡꜟ◑כ ⅜ ⌂╢ ⁹↓↓≢│ s≤ pz≢ ⅎ╢⁹ 

 •᷿ Ὄ•Ὠ†≤ •᷿ Ὄ•Ὠ†⅜ ⌂╢√╘ɖ≤ 1 ≢⅔ↄ↓≤│≢⅝∏⁸ɖA ɖB≤⅔⅛⌂↑

╣┌⌂╠⌂™⁹↓↓≢ɖB ─╒℮⅜ ─ ™ ⌐ ∆╢⁸∆⌂╦∟ɖA<ɖB ≤ ∆╢⁹

2╙ ∆╢↓≤≢ E │ 

‌ Ὁ ‍
‍ ‌ Ὁ

π 

 ↓╣╩ ↄ↓≤≢⁸ ╣√ ╩ ∆╢↓≤⅛╠ ∆╢ȿ‍ȿḺȿ‌ ‌ȿ─≤⅝─♥כꜝכ

╩ ⇔ 

Ὁ ‌
‍

‌ ‌
‌

‍

‌ ‌
 

 ↓╣│ ⅜ ⌂╡⁸ɖA ╟╡ ⌐ ⇔∞↑ ™◄Ⱡꜟ◑כ─ ≤⁸ɖB ╟╡ ⌐ ⇔∞↑

™◄Ⱡꜟ◑כ⌐╦⅛╣╢≤™℮↓≤╩ ⇔≡™╢⁹ ≤⇔≡│ ─ ╡⁹ 

 

ɗ⅜≤≡╙ ↕™≤ ─ ⌂╡⌐╟╢◄Ⱡꜟ◑כ ⁸ ─ ⅜⌂↕╣⌂™

√╘⁸ ⇔≡╙⇔⌂ↄ≡╙ ∂ќ ⌐╒╓ ⇔ↄ⌂╡ ⅜⌂↕╣⌂ↄ⌂╢⁹ 

 

β ™─ ─ ∆ ⅜ ⌂╢↓≤⅛╠ɗ⌐≈™≡╙ •᷿ Ὄ•Ὠ†≤ •᷿ Ὄ•Ὠ†─ │ ⌂

╢⅜⁸ ≢│ɗ ─ ─ ™│ ≤ ⌂™√╘ ↕╣╢⁹( │ ⌐ │

╡ √⌂™) 

 

↓─≤⅝─ ─ │◄Ⱡꜟ◑כ ╩ ≡╙╦⅛╢╟℮⌐ │◄Ⱡꜟ◑

─כ ™ ─ ╩ ↄ ↑⁸ │∕─ ≢№╢⁹ ⌐∆╢≤ 

  • ‗•
 ᶻ ‗• •

  βπ ɠ ρ 

 ─ ─ ⅜ ⅝™≤∕╣∞↑ ≤⌂╢ ╡─ ─ ╙ ⅝™─

≢⁸ ─ ╙ ↄ⌂╢( ᵒ)⁹∆⌂╦∟ │∕─ ⌐ ╢↓≤⌐⌂╢⁹↓╣⅜

≢№╢⁹ 

 

ה ⅜ ∂≢╙ ⌂╢ ─ ⁹ 

 √≤ⅎ┌ 2p─ ⌂╢ ⅜ ↕╣№∫√ ╩ ⅎ╢⁸ 

 ╕∏Ὓ ς᷿ὴהςὴὨ† π ά ὲ≢№╢⁹↓╣│ 2pm≤ 2pn─ ⌐≈™≡ ─ ⅜

⌂√╘≢№╢⁹≈╕╡ ╩ ⅎ∏≤╙ S=0 ≢№╢⁹↓╣╩ ∆╢↓≤≢ɗ π⅜ ╕

╢⁹ ⌐ ⇔≡╖╢⁹ ⅜ ≈≢№╢≤ ⅎ◦ꜙ꜠כ♦▫fi●כ ─ ╩ ─╟
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℮⌐⅔ↄ⁹ 

Ὄ
Ѐ

ςά
ᶯ

Ὡ

τ“‐

ρ

ὶ

ρ

ὶ

ρ

Ὑ
 

 A ⌐╟╢ ╩•⅔╟┘•≤⅔ↄ⁹•⌐ ╩⅛↑╢≤ 

Ὄ•
Ѐ

ςά
ᶯ

Ὡ

τ“‐

ρ

ὶ
•

Ὡ

τ“‐

ρ

ὶ
•

Ὡ

τ“‐

ρ

Ὑ
•  

 │•⌐∕∫√ כ●fi▫♦כ꜠ꜙ◦╡⅔≡∫⅛⅛⅜ ⅛╠Ὁ•⌐ ⇔™⁹

⅛╠•╩⅛↑ ∆╢≤ 

•Ὄ• •Ὁ•
Ὡ

τ“‐ὶ
••

Ὡ

τ“‐Ὑ
••  

•Ὄ• Ὠ† Ὁ •• Ὠ†
Ὡ

τ“‐ὶ
•• Ὠ†

Ὡ

τ“‐Ὑ
•• Ὠ† 

 ─ ─ ⌐╟╢ ⅛╠Ὁ⅔╟┘ Ὑ│ ⌐ ⇔≡ ≢№╢↓≤⌐ ⁹ 

•Ὄ• Ὠ† ‍ •• Ὠ† Ὓ π 

⌐ ⅎ ╟╡( ) 

Ὡ

τ“‐ὶ
•• π 

⅛╠‍ π╩ ╘╢↓≤⅜≢⅝╢⁹ 

 Ὓ ‍ π╟╡ 2 ≈─ ⅜ ⌂╡ ∫√ ─◄Ⱡꜟ◑כ│ ≤╙Ὁ ‌⌂─≢ ⌐╟

╢◄Ⱡꜟ◑כ ─ │ ⇔⌂™⁹∆⌂╦∟ │ ↕╣⌂™⁹↓╣⅜ ≢№

╢⁹ 

 

 

β ≢│ ─ │ ⇔ ( )≤⇔≡ ∫≡™╢⁹∞⅜

─ │ₐ ─ ⌂╡= ─ ⌂╡ₑ≤™∫√╟℮⌐⁸№√⅛╙ ↑ ─╟℮⌐

∫≡™╢⅛─╟℮∞⁹∕─ ⅜⁸ Ὓ •᷿ †Ὠ•ה π ά ὲ╩ ╘⁸∕↓⅛╠‍ π╩

ↄ√╘≢№╢⁹↓╣╕≢ ≡⅝√≤⅔╡‍─ │ ◄Ⱡꜟ◑כ⌐ ↄ⅛⅛╦╢√╘⁸↓╣⅜ 0

⌂╠ ─◄Ⱡꜟ◑כ ╙ 0≤™℮╦↑≢№╢⁹  
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ה ⌂╢ ─ ─  

 ╕≢│ ─ ╩ ⅎ╢℮ⅎ≢ ∂ ─ ∞↑╩ ⅎ≡™√⁹√⇔⅛

⌐ 2px≤ 2py⌂≥│ ⅛╠ ⇔⌂™↓≤⅜╦⅛╢⁹⇔⅛⇔√≤ⅎ┌ 2pz≤ 2s≢│

─ ╩ ↓⇔№℮│∏≢№╢⁹∕╣╩ ⇔⌂ↄ≡╟™─∞╤℮⅛⁹ 

 

 ⅛╠ ⅎ┌∕╣│ ─ ⌐╟╢⁹ 

╕∏ Li 2⌐⅔↑╢ 1s 2s─ ⌐≈™≡│⁸◄Ⱡꜟ◑כ─ ⅜ ⅝∆⅞╢√╘ ≢⅝╢⁹

≈╕╡‌ ‌⅜ ⅝∆⅞╢√╘(‍⅜ ↕ↄ⌂╢─╙№╢⅜) 

‍

‌ ‌
ḙπ 

 ≤⌂╢─≢⁸∕╣⌐╟╢ ─◄Ⱡꜟ◑כ ─ │ ⇔⌂ↄ≡╟™≤™℮↓≤⌐⌂╢⁹

1s 2s ⌐≈™≡│ ─ ≢╙ ≢⅝╢◄Ⱡꜟ◑כ ⅜№╢√╘⁸ ╙ ⇔≡ ╦

⌂™⁹ 

 

 O2⁸F2─ 2s 2pz⌐≈™≡╙ ⇔≡╟™⁹∕─√╘ │ ─╟℮⌐ ↑╢⁹ ≤⇔≡ O2

─ ─ ╩ ⌐ ∆⁹ 

─ ─ ⅜ 4 ™⅛╠ ⅜ 2⁸ ⅝─☻Ⱨfi╩╙≈ ─ ⅜ ™⅛

╠ ╩ ≈( ᵓ)⌂≥│ ≢╙ ∫√↓≤≢№╢⁹ 

 

 

 

 N2⁸B2⁸C2│ 2s 2pz─◄Ⱡꜟ◑כ ⅜ ↕™√╘ ™⌐ ╩ ↓⇔№℮⁹↓╣│

⌐╟∫≡ ↕╣≡™╢( ⇔ↄ│ ᵔ)⁹ 

 ≤⇔≡│ 2ɨg≤ 3ɨg⁸2ɨu≤ 3ɨu⅜ ─╟℮⌐ ⇔№℮≤ ⅎ╣┌╟™⁹ 
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⌐╟∫≡ 2ɨg≤ 2ɨu│◄Ⱡꜟ◑כ ⅜ ⅜╡⁸3ɨg≤ 3ɨu│◄Ⱡꜟ◑כ ⅜ ⅜

╢⁹ ≤⇔≡ 3ɨg≤ 1ɥu⌐≈™≡│◄Ⱡꜟ◑כ ⅜ ⇔≡⇔╕℮⁹( │ ⅜ O2⁸

⅜ N2) 

 

 

 

 

ה  

 ⌂╢ ─ ⅛╠⌂╢ ≢│∕╣∙╣─ ─ ⅜ ╦╢√╘⁸∕╙∕╙

⌂╢ ╩ ⅎ⌂↑╣┌⌂╠⌂™⁹ 

 

 │ LiH ─ ─ ≢№╢⁹Li ─╒℮⅜ ─ ─ ⅜ ™ ∂ 1s ≢╙

H ╟╡◄Ⱡꜟ◑כ │⅛⌂╡ ⅜╢⁹ 

 

 H ─ 1s ≤ ╩∆╢─│ Li ─ 2s≢№╢⁹↓╣│◄Ⱡꜟ◑כ ⅜ 2s─ ⅜ Li ─

1s╟╡ ™√╘≢№╢⁹ 

β ⌐ Li ─ 1s─ ⅜ ⅛∫√ ⁸ ∆╢─│ 1s ≤⌂╢⁹∕─ ה

╟╡ ™◄Ⱡꜟ◑כ╩╙≈ Li ⌐ ∆╢ ⅜ ╕╣╢↓≤⌐⌂╢⁹ 

 

 ↓↓≢ 2≈⅜ ∫√ │◄Ⱡꜟ◑כ⅜ H ─ 1s⌐ ™⁹∕↓⅛╠ ╙ 

  • ‗•   π ɠ ρ ≤ H ─ 1s─ ⌐ ™ ╩ ↑√ ≤⌂╢⁹∆⌂

╦∟ H ⌐ ⅜ ╢√╘⁸H ⅜ ⌐ Li ⅜ ⌐ ∆╢↓≤⌐⌂╢⁹ ≢ H ─

⅜ з⌂─⌐ LiH ⌐⅔™≡│ з≤↕╣╢─│↓─√╘≢№╢⁹ 
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 HF │ ─╟℮⌐⌂╢⁹F ─ │↕╠⌐ ⅜ ™√╘⁸ ─◄Ⱡꜟ◑כ

│↕╠⌐ ⅜╢⁹(F│ ─ 2pz╩ ⇔≡™╢≤∆╢) 

 

 ↕⅝╒≥≤ ⌂╡ ─◄Ⱡꜟ◑כ │ F─ 2pz─ ⅜ ™⁹∆⌂╦∟ │ F

⌐ ╢⁹↓↓⅛╠ F│ ⌐⁸H │ ⌐ ∆╢⁹ 

 

 

ᵑ  

 g(gerade)≤ u(ungerade)─ ⌐≈™≡∞⅜⁸╕∏ ╩ ™≡∕╣╩ ─ ⅛╠

180° ↕∑√ ╩ ⅎ╢≤╟™⁹∕╣⅜╙≤─ ≤ ∆╢⌂╠ g⁸ ⇔⌂↑╣┌ u ≢№

╢⁹ 

 1 pz  

 pz ⌐╟╢ │ ─ ╡ gerade≢№╢⁹ 

 

 

 │ ungerade ≢№╢⁹ 
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 2 px  

px ⌐╟╢ │ ─ ╡ ungerade ≢№╢⁹ 

 

 

 │ gerade≢№╢⁹ 

 

 

  

ᵒ (•─ ≤ ┼─ ) 

 ─ ⅜≥─╟℮⌂ ╩ ⅎ╢─∞╤℮⅛⁹ 

 ⌐⅔™≡│⁸ ─ɋ│•─ ⌡ ╦∑≢ ≢⅝╢⁹≈╕╡◓ꜝⱨ╩∕─╕

╕ ∑┌ ─ɋ╩ ↑╢─∞⁹ 

╕∏ ⌐╟∫≡ ⅜ ╦╠⌂™ 1s ─◓ꜝⱨ╩ ⌐ ⇔√⁹ 

 

 №╢ ↕≢ ─ ⅜ ≤⌂╢⁹↓↓≢№╢ ╣√≤↓╤⌐ ∂ ⅜№╡⁸

1s╩ ⇔≡™√≤∆╢⁹≈╕╡ɋ
Ѝ
• • ─ ╩ ⅎ╢⁹⅔ ™─◓ꜝⱨ╩ ↄ≤ ─

╡⁹ 

 

x

y

O

x

y

O
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 ─ │◓ꜝⱨ╩∕─╕╕ ⇔≡ 

 

 │ ⌂ ≤⌂╢⁹↓─ │ ─ ⅜ ⌂ ≢ ╠╣╢⁸

≈╕╡≥∟╠─ ⌐╙ ⅜ ╠∏ ⇔√ ≢№╢⁹ 

 

 ≢ 2≈─ ⅜ ⌂╡⁸ ⅎ┌ɋ
Ѝ
• ς• ≤⌂∫≡™√≤∆╢⁹2≈─◓ꜝⱨ≤

∕╣╩ ⇔√◓ꜝⱨ│ 

 

 ─ │ ╡≤⌂╢⁹↓╣│ ─ ╡⌐ ⅜ ∆╢ ⅜ ↄ⁸∕╣│

ⱴ◒꜡≢ ⅎ┌⁸ ─ ⌐ ⅜ ╢↓≤╩ ⇔≡™╢⁹ ⅜ ⅝ↄ⌂╢↓≤⅜∕─╕

╕ ─ ⌐≈⌂⅜╢─∞⁹ 

 

 

ᵓ ─  

 ─☻Ⱨfi⌐╟∫≡ │ ≢⅝╢⁹O2─ ⁸☻Ⱨfi⅜ ⅝─ ─ ⅜ ™⁹ ™

ⅎ╢≤ ⅜ ∆╢⁹ 

∕─√╘ ⌐╟∫≡⁸O2 │ ─☻Ⱨfi⅜ ─ ⅝≤ ℮╟℮⌐ ∫≡ ⅝╩ ⅎ

╢⁹ ≤⇔≡ O2│ ╩╙≈⁹(Fe╛ Co─ ≈ ≤│ ⌂╢) 

 ╙∟╤╪ ─ ⅝│ ≢ ⅎ∏ ⇔≡⅔╡⁸ ⅜⅛⅛∫√≤⇔≡╙☻Ⱨfi⅜ ⌐

∕╤℮╦↑≢│⌂™⁹∕─√╘ O2│ ≤⇔≡│ ™ ╩ ≈≤ ℮⁹ 

 

 ☻Ⱨfi─ ─ ⅜ ⇔™ │ ─☻Ⱨfi⌐╟╢ ⅛╠─ │ ↑⌂™⁹∆╢≤

╦∏⅛≢│№╢⅜ ♠fi꜠כ꜡⌐ ⅜⅛⅛╡⁸ ╩ ∟ ∆╟℮⌐ ∆╢⁹∕─ ⁸

⌐╦∏⅛⌂⅜╠ ∆╢ ╩ ≈↓≤⌐⌂╢⁹ 

 

 ╩ ≈ Fe Co Ni ⌂≥│ ─ ⌐ ⅜ ∆╢⁹∆╢≤

⅜ ⇔≡ ∂ ⅝╩ ↓℮≤∆╢⁹↓╣╩ ≤™℮⁹ 

↓╣⌐╟╡ O2 ≤ ⌂╡⁸ ⌐ ⅜⌂ↄ≡╙☻Ⱨfi╩ ⅎ╢↓≤⅜≢⅝╢─≢№╢⁹ 

β ∞⅜ ≢№∫≡╙ ╩⇔№℮ │ ∆╢⁹ 

x

y

O

x

y

O
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 ≤↓╤≢ ╩ ≈ O2╙ ╩ →≡™↑┌ ─ ╩ ⅎ╠╣⁸ ⌐ ≠ↄ↓≤

│≢⅝╢─∞╤℮⅛⁹ ⅎ│ NO ≢№╢⁹ ─ O2│ ⅜₈ ₉╩ ↓

⇔⁸ ™─☻Ⱨfi⅜ ∟ ⇔№℮ ┼ ─ ⅝╩ ⅎ≡⇔╕℮⁹↓─ │ ≤

┌╣≡™╢⁹ ⌐☻Ⱨfi─ ╩ ⇔√⁹ 

 

 ⱨ▼ꜞ ⌐≈™≡─ │ ∆╢⁹ 

 

 

ᵔ √┬╪ ⅎ╢ │⌂™─≢ ⅜№╢ │⁹ │ ™  

 │◖fiⱪ♩fi ≢ ┘ √ ─ ◄Ⱡꜟ◑כ╩ ╢ ≢№╢⁹N2─ 2s

2p ⅜ ≢⅝⌂™≤⇔√─│⁸ ⇔√ ─◄Ⱡꜟ◑כ ─ ⌐ ℮≤№╡ⅎ

⌂™◄Ⱡꜟ◑כ ⅜ ↕╣√⅛╠≢№╢⁹ 

 

 ⌐ ≡√ ─ ╩ɢ⁸ ─ ◄Ⱡꜟ◑כK ≤⅔ↄ≤ 

+ Èɢ ɫ 

 ɫ│ ≤ ∫√⅜⁸↓╣⅜ ⅜ ╩ ≈ ™▬○fi⌐⌂╢≤⅝─◄Ⱡꜟ◑כ─

≢№╢⁹◄Ⱡꜟ◑כ │ ─ ─╟℮⌐ ↕╣╢⁹ 
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 │∕╣∙╣⁸▬○fi 2≈─ ╩ⱣⱠ≤ √ ◄Ⱡꜟ◑⁹╢№≢כ ◄Ⱡꜟ◑כE

╙Ⱶ◒꜡≢│ ⌐⌂╢⁹∟⌂╖⌐ ─◄Ⱡꜟ◑כ │ hɢ∞⁹ 

─ ≢│ ™ ◄Ⱡꜟ◑כ─ ╩ ∆⅜⁸ ╩ ≡√↓≤⌐╟╢ ⌐╟╡↕

╕↨╕⌂ ◄Ⱡꜟ◑כ╩╙≈▬○fi⅜ ╣╢↓≤⌐⌂╢⁹ 

 

 ╕√∕╣∙╣─ ⌐ ⇔ ⅜ ↕╣≡™╢⁹ 

 

 ─ │ R≢№╡⁸ ⌐ ∫√ sin ∫╔™ │ ─ R ⌐ ∂√

≢№╢⁹ ◄Ⱡꜟ◑כ ─ ⅜№╢⁹ 

⌐⅔™≡ 0≤⌂∫≡™╢ ≢│∕─ ⅜ ↓╡ⅎ⌂™⁹√≤ⅎ┌ ╩

─ 0≤ ⇔√ ⁸% Èɢ╛ Èɢ─ ╩⇔≡™╢ ⅜ ™ ⁸ Èɢ─ │ ↓

╠⌂™≤™℮↓≤⌐⌂╢⁹E≤ R─ ≢ ⅜ ↕╣╢↓≤⌐ ⁹ 

 ∟⌂╖⌐↓─ ⁸◄Ⱡꜟ◑כ ╟╡ ⌐⅔™≡│ 0┼ ⇔≡™ↄ⁹ⱣⱠ─ ◄Ⱡꜟ

⅜כ◑ ◄Ⱡꜟ◑כ╩ ∫≡⇔╕℮⅛╠≢№╢⁹ 

 

 ≢│▬○fi⌐⌂╢↓≤≢ ─ ╩≤╢ R ⅜ ⌐∏╣≡™╢⁹∞⅜ ─╟℮⌐

╩≤╢ R⅜∕─╕╕─ ╛⁸ ⌐│⌂™⅜ ⌐∏╣╢ ╙ ∆╢⁹ 
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 ↓╣│ ┘ √ ⅜≥↓─ ⌐№∫√⅛⌐ ⇔≡™╢⁹ 

⅛╠ ⅜ ┘ √ ⁸ │ 0.5∞↑ ↕ↄ⌂╢↓≤⌐⌂╡ ╙

ↄ⌂╢⁹ │∕─╕╕ ─ ╩≤╢ R ≈╕╡ ⅜╙∫≤╙ ∆╢

⌐ ⇔≡⅔╡⁸ ⅜ ┘√∞↑ ⌐ ⅜∏╣╢↓≤⌐⌂╢⁹ 

 ⅛╠ ⅜ ┘ √ ⁸ │ 0.5 ∞↑ ⅝ↄ⌂╡ │ ↄ⌂╢⁹

⌐ ⅜∏╣╢↓≤⌐⌂╢⁹ 

 ⅜ ≤™℮─│ ⅜∕─╕╕─≤⅝⁸≈╕╡ ⅛╠ ┘ √ ≢

№╢⁹ 

 

 

 ↕≡⁸ ⇔√ ɫ│ R(=R0)│∕─╕╕⌐ ⅜ ┘ ╢─│ ⌂─≢ ⁸

⌐ ⅜▬○fi┼ ∆╢≤⅝─◄Ⱡꜟ◑כ ≢№╢⁹ 

╙⇔◄Ⱡꜟ◑כ ⅜ №╢™│ ⌐∏╣≡™√ ⁸ ─╟℮⌐ ─ ⅜ ╡⌐ ⅜╢ɫ

─ ╩ ∆╢↓≤⌐⌂╢⁹ ─ │⁸∕─ɫ⌐ ⇔√ ◄Ⱡꜟ◑כ⅜ ⌂ ╩

≈▬○fi─ ⌐ ⇔≡™╢⁹ 
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 ↓╣│ ⅜ R0─ ≥─◄Ⱡꜟ◑כ─ ╙╦∏⅛⌂⅜╠ ╩╙≈√╘⁸ ⌂

─▬○fi⅜ ∆╢ ↕╕↨╕⌂ ─ɫ⅜ ∆╢↓≤⌐⌂╢⅛╠≢№╢⁹ 

 

 ≢◄Ⱡꜟ◑כ ⅜ ∞∫√ ⁸ ⇔⌂™ ⅜ ∆╢⁹↓╣│ ⅜ ⌐

⅜∫√√╘⌐⁸ ⅜∕─╕╕∞≤ sin ∫╔™◓ꜝⱨ─ 0─ ⌐№√╢√╘≢№╢⁹≈╕

╡∕─ │ ⅜ 0⁸∕─ │≤╡ⅎ⌂™↓≤╩ ⇔≡™╢⁹ 

 ∆╢≤ɫ─ │ ─╟℮⌐⌂╢⁹ ─ │ ⌐⌂╢⁹ 

 

 ∆╢⌐ ⅜ ה ⅛╠ √╠ ⅜╡─№╢ ⅜⁸ ⅛╠ √╠ ⌂

⅜ ╣╢≤™℮↓≤≢№╢⁹ 

 

 

↕≡⁸↓↓≢ O2≤ N2⌐≈™≡ ⅎ╟℮⁹O2│ ≤ ─ ⇔⅛⌂™⁹≈╕╡

│⌂™⁹⇔√⅜∫≡ ─ │ ─╟℮⌐⌂╢⁹ ─№∫√ ⌐╟╡↕╕↨

╕⌂ ╩ ≈ ₁⅜ ↕╣╢⅜⁸≥╣╙ ⅜╡⅜№╢⁹ 

 

 


