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O3 + H2O2 →  OH •  + O2 + HO2
•

 

Fe2+ + H2O2 → Fe
3+ +  OH •  + OH− 

 

H2O2  
h∗ν
→  2 OH •

ν



 

 



∆𝐸 = 𝐸+ − 𝐸− =  𝑔 ∗ 𝜇𝐵 ∗ 𝐵 = ℎ ∗ 𝜈  

 𝐸+

 𝐸−

 𝑔

 𝜇𝐵

 𝐵

 ℎ

 𝜈

(𝑔𝑒 = 2,0023193043617).
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∆𝜔

h*ν Δ



∆𝜔 =  𝜔1 − 𝜔1 =  
1

2
 [𝐻𝑜∆𝐺 𝛽𝑒ℎ

−1 + ∑ 𝑎1𝑖𝑚1𝑖 − ∑ 𝑎2𝑗𝑚2𝑗
𝑘
𝑗=1

𝑛
𝑖=1  ]

∆𝜔

𝛼; 𝑚1𝑖 = +
1

2
,           ∆𝜔+ = 

1

2
 [𝐻𝑜∆𝐺 𝛽𝑒ℎ

−1 +  
1

2
 𝑎1𝑖]

𝛽; 𝑚1𝑖 = −
1

2
,          ∆𝜔− = 

1

2
   [𝐻𝑜∆𝐺 𝛽𝑒ℎ

−1 − 
1

2
 𝑎1𝑖]

 

𝛤𝑁𝐸 =  µ ∗ 휀 ∗ 𝑠𝑔𝑛 𝛥𝑔 ∗ 𝑠𝑔𝑛 𝑎𝑖



𝛤𝑀𝐸 =  µ ∗ 휀 ∗ 𝑠𝑔𝑛 𝑎𝑖 ∗ 𝑠𝑔𝑛 𝑎𝑗 ∗ 𝛿𝑖𝑗 ∗ 𝑠𝑔𝑛 𝐽𝑖𝑗

 µ

−

 휀

−

 𝑠𝑔𝑛 𝛥𝑔

 𝑠𝑔𝑛 𝑎𝑖

 𝑠𝑔𝑛 𝑎𝑗

 𝛿𝑖𝑗

−

 𝑠𝑔𝑛 𝐽𝑖𝑗

 𝛤𝑁𝐸

−

 𝛤𝑀𝐸

− 

 



 

ρ

ρ

n =  ∫  ρ(r)𝑑3𝑟    (16) 
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1) h*ν 

2) ISC







 



 

 





 





 









-7,337 -5,971 -5,481 -17,235 5,674 2,690 -8,805 -10,341 3,319

-19,078 -7,158 -23,476 -4,131 1,009 -0,121 -0,043 0,162 -0,172

-12,758 -6,131 -8,353 -15,648 -4,578 -4,152 -0,790 -1,476 -4,731

-10,619 -3,561 -8,054 -15,484 3,205 1,998 -7,224 -8,521 1,440

-3,170 -20,052 -30,547 -4,623 3,781 1,071 -0,374 -0,484 1,072
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