
 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 





 

 



 

  

  

  



  

  



  



  

 



 

     

α

ν

λ

ϕ

π

∆

 

 







 

 

𝐶𝐻4 + 2𝑂2 → 𝐶𝑂2 + 2𝐻2 1.1

𝐶 + 𝑂2  →  𝐶𝑂2 1.2 

 

𝐶𝐻4 + 𝐻2𝑂 → 𝐶𝑂 + 3𝐻2 1.3 

𝐶𝑂 + 𝐻2𝑂 →  𝐶𝑂2 + 𝐻2 1.4 

 

 

2𝐻2𝑂 → 2𝐻2 + 𝑂2 1.5 

 

∆









 

𝐶𝑑𝑆 + ℎ𝜈 ⟶ ℎ𝑉𝐵
+ + 𝑒𝐶𝐵

− 1.6 

𝐶𝑑𝑆 + 2ℎ𝑉𝐵
+  ⟶  𝐶𝑑2+ + 𝑆 1.7 

𝐶𝑑𝑆 + 2𝑂2  ⟶ 𝐶𝑑2+ + 𝑆𝑂4
2+ 1.8 













 





 

ϕ ϕ ϕ

 



ϕ

∆ϕ

∆𝜙 (𝑋) = ( 
𝑞𝑁𝐷
2𝜀𝜀0

)
2

 (0 ≤ 𝑥 ≤ 𝑊) 2.1 

ε ε

𝑊 = |
2𝜀𝜀0
𝑞𝑁𝐷

(𝑈𝑠 −
𝑘𝑇

𝑞
)|
1/2

2.2 

∼ ∼

𝑈𝑆 = 𝐸𝑎𝑝𝑝𝑙 − 𝐸𝐹𝐵 2.3 



1

𝐶𝑆𝐶
2 = 

2

𝑁𝐷𝑒0𝜀𝑆𝐶𝜀0
 |(𝐸 − 𝐸𝐹𝐵) −

𝑘𝑇

𝑒0
| 2.4 



 

2 ℎ𝜈 → 2𝑒− + 2ℎ+ 2.5 

𝐻2𝑂 + 2ℎ
+ → 2𝐻+ +

1

2
𝑂2 2.6 

2𝐻+ + 2𝑒− → 𝐻2 2.7 

𝐻2𝑂 + 2ℎ𝜈 → 𝐻2 +
1

2
𝑂2 2.8 



 





 

𝑇𝑖𝑂2 + ℎ𝜈 ⟶ ℎ𝑉𝐵
+ + 𝑒𝐶𝐵

−     (𝑓𝑠) 2.9 

𝑒𝐶𝐵
− + 𝑇𝑖𝑠𝑢𝑟𝑓

𝐼𝑉 ⟶ 𝑇𝑖𝑠𝑢𝑟𝑓
𝐼𝐼𝐼 2.10 

ℎ𝑉𝐵
+ +𝑂𝐻𝑠𝑢𝑟𝑓

− ⟶ �̇�𝐻𝑠𝑢𝑟𝑓 2.11 



𝑒𝐶𝐵
− + �̇�𝐻𝑠𝑢𝑟𝑓⟶ 𝑂𝐻𝑠𝑢𝑟𝑓

− 2.12 

ℎ𝑉𝐵
+ + 𝑇𝑖𝑠𝑢𝑟𝑓

𝐼𝐼𝐼 ⟶ 𝑇𝑖𝑠𝑢𝑟𝑓
𝐼𝑉 2.13 

𝑇𝑖𝑠𝑢𝑟𝑓
𝐼𝐼𝐼 + 𝑂𝑥 ⟶ 𝑇𝑖𝑠𝑢𝑟𝑓

𝐼𝑉 + 𝑂�̇�− 2.14 

�̇�𝐻𝑠𝑢𝑟𝑓 + 𝑅𝑒𝑑 ⟶ 𝑂𝐻𝑠𝑢𝑟𝑓
− + 𝑅𝑒𝑑+̇ 2.15 



 

𝑇𝑖𝑂2 + ℎ𝜈 ⟶ 𝑒𝐶𝐵
− + ℎ𝑉𝐵

+ 2.16 

ℎ𝑉𝐵
+ + 𝑆𝐶𝑁𝑎𝑑𝑠

− ⟶ 𝑆𝐶𝑁−
𝑆𝐶𝑁−

→   (𝑆𝐶𝑁)2
−• 2.17 

𝑒𝐶𝐵
− + 𝐶(𝑁𝑂2)4⟶ 𝐶(𝑁𝑂2)3

− +𝑁𝑂2 2.18 



𝑂2 𝑎𝑞 + 𝑒𝐶𝐵
− ⟶ 𝑂2

−• 2.19 

𝑂2
−• +𝐻+ + 𝑒𝐶𝐵

− ⟶𝐻𝑂2
• 2.20 

𝐻𝑂2
• +𝐻+⟶𝐻2𝑂2 2.21 

𝑇𝑖𝐼𝐼𝐼 +𝐻2𝑂2⟶ 𝑇𝑖𝐼𝑉 + Ȯ𝐻 + 𝑂𝐻− 2.22 

𝐻2𝑂2 + 𝑂
2−⟶ Ȯ𝐻 + 𝑂𝐻− + 𝑂2 2.23 

𝐻2𝑂2 + ℎ𝜈 ⟶ 2Ȯ𝐻 2.24 

λ ≤

𝑂𝑠
2− +𝐻𝑎𝑞

+ + ℎ𝑉𝐵
+ ⟶ Ȯ𝐻𝑠 2.25 





𝑉𝐵𝐵 =
𝑘𝑇

6𝑒
(
𝑟0

𝐿𝐷
)

2

2.26 

𝐿𝐷 = √
𝜀𝑘𝑇

𝑒𝑛0𝑞
2.27 

≪

𝑇𝑖𝐼𝐼𝐼 + 𝑂𝑠
−•⟶ 𝑇𝑖𝐼𝑉 + 𝑂2− 2.28 



 

λ

∙

∙

β



𝐶𝐻3𝑂𝐻 ⟶ �̇�𝐻2𝑂𝐻 + 𝑒
−⟶ 𝐶𝐻2𝑂 + 𝑒

− 2.29 



𝐶𝐻3𝐶𝐻2𝑂𝐻 ⟶ 𝐶𝐻3�̇�𝐻𝑂𝐻 + 𝑒
−⟶ 𝐶𝐻3𝐶𝐻𝑂 + 𝑒

− 2.30 

(𝐶𝐻3)2𝐶𝐻𝑂𝐻 ⟶ (𝐶𝐻3)2�̇�𝑂𝐻 + 𝑒
−⟶ (𝐶𝐻3)2𝐶𝑂 + 𝑒

− 2.31 

α



 

𝑂2𝑔 + 𝑒
−⟶ 𝑂2𝑎

−• 2.32 



 

𝐶𝐻3𝑂𝑎
− + ℎ+⟶ 𝐶𝐻3𝑂𝑎

• 2.33 



 

λ



 

λ



λ



 

𝑛1
𝑛2
= 𝑒

−∆𝐸
𝑘𝑇 2.34 

𝑛1
𝑛2
= 𝑒

−∆𝐸
𝑘𝑇 = 𝑒

−𝑔𝑒µ𝑒𝐵
𝑘𝑇 2.35 





◦

◦

◦

◦



𝐸 =
ℎ𝑐

𝜆
3.1 

α



∼

◦

◦



 

 



ϕ

ϕ

𝜙 =
𝑟

𝐼𝑎
3.2 

𝐼𝑎 = 𝐼0 ∙ 𝐹𝑠 3.3 

λ λ

𝐹𝑠 =
∫ 𝐼𝜆𝑇𝜆

𝑓
𝑓𝜆
𝑠𝑑𝜆

𝜆2
𝜆1

∫ 𝐼1𝑇𝜆
𝑓𝜆2

𝜆1
𝑑𝜆

3.4 

λ λ λ

λ

𝑓𝜆
𝑠 = 1 − 𝑇𝜆

𝑠 = 1 − 10−𝐴𝜆
𝑠

3.5 

𝑓𝜆
𝑠

λ 𝑇𝜆
𝑠 𝐴𝜆

𝑠

λ



λ

λ

 





λ

J = log
𝐼0
𝐼𝑡

3.6



2[𝐹𝑒(𝐶2𝑂43)]
3− + ℎ𝜈 ⟶ 2[𝐹𝑒(𝐶2𝑂42)]

2− + (𝐶2𝑂4)
2− + 2𝐶𝑂2 3.7

χ

𝑔 =
ℎ𝜈

𝜇𝐵𝐵0
3.8

ν





 



 



 



 



 



𝑓(𝑅) =
(1 − 𝑅)2

2𝑅
4.1 



 

 



 



 

ε



∙

∙

∙

∙

𝜙(%) =
𝑟

𝐼0 ∙ 𝐴
×100 =

5 ∙ 10−6 𝑚𝑜𝑙 ∙ 𝑠 ∙ 𝑐𝑚2

3600 𝑠 ∙ 2.03 ∙ 10−8 𝑚𝑜𝑙 ∙ 7.065 𝑐𝑚2
×100 = 0.97 % 

𝐼0 =
𝐼𝑎 ∙ 𝜆

𝑁𝐴 ∙ ℎ ∙ 𝑐
=

8.2 ∙ 10−3𝐽 ∙ 𝑠−1 ∙ 𝑐𝑚−2 ∙ 306 ∙ 10−9𝑚

6.022 ∙ 1023 𝑚𝑜𝑙−1 ∙ 6.626 ∙ 10−34 𝐽 ∙ 𝑠 ∙ 2.998 ∙ 108 𝑚 ∙ 𝑠−1

= 2.03 ∙ 10−8 𝑚𝑜𝑙 ∙ 𝑠−1 ∙ 𝑐𝑚−2 

λ



𝐼𝑎 = 𝐼𝜆 ∙ 𝐹𝑠 = 0.41 𝑚𝑊 ∙ 𝑐𝑚−2 ∙ 0.02 = 0.0082 𝑚𝑊 ∙ 𝑐𝑚−2 = 8.2 ∙ 10−3 𝐽. 𝑠−1 

λ

𝐹𝑆 =
∫ 𝐼𝜆𝑓𝜆

𝑠𝑑𝜆
𝜆2
𝜆1

∫ 𝐼𝜆𝑑𝜆
𝜆2
𝜆1

=
0.0082

0.41
= 0.02           𝑤𝑖𝑡ℎ   𝑓𝜆

𝑠 = 1 − 10−𝐴𝜆
𝑠
 

𝐴𝜆
𝑠





 

 

μ



μ

 



 



 

 



 

 

 

 



𝐸 =
ℎ ∙ 𝑐

𝜆
=  
4.136×1015 𝑒𝑉 ∙ 𝑠 ∙ 3×108 𝑚 ∙ 𝑠−1

248×10−9𝑚
= 5.0 𝑒𝑉 5.1

λ



 

 



 

 

μ

μ

 

 



 



 

 



 

 

 

 



 

 

∆

∆

∆

 



∆

≈

 

 

 



 

 

∆

 

∆



 

 

 



 

 



 

 

∆

 

∆





 

  

 

 



∆

 
 

 
 

 

 

 

 

 

 

 

∆



 

 

 



 

 



 

 

 



 

 



 

 



≈

 

 

 



 

 

 

 

 

 



≈ ≈

 

≈

 

 



 

 
 



 

 

≈

 



 

 

≈ ≈

 

 



 

 



 

 

 



 

 

 





 

≈



 

 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



  



α

𝐹(𝑅) =
(1 − 𝑅)2

2𝑅
=
𝑘

𝑆
6.1 

ℎ𝑣

(𝐹(𝑅) ∙ ℎ𝑣)𝑛 6.2 

ν ℎ𝑣 ν ν



 



 



α

 

 

𝐶𝐻 



 

 

 



 

 



𝑇𝑖𝐼𝑉 + 𝑒𝐶𝐵
− → 𝑇𝑖𝐼𝐼𝐼 6.3 

𝑇𝑎𝑉 + 𝑒𝐶𝐵
− → 𝑇𝑎𝐼𝑉 6.4 

 



⊥

ℎ𝑉𝐵
+ +𝑂2− → 𝑂−• 6.5 

𝑒𝐶𝐵
− + 𝑂2 → 𝑂2

−• 6.6 

𝑂2
−• + ℎ𝑉𝐵

+ → 𝑂2 6.7 



ℎ𝑉𝐵
+ + 𝐶𝐻3𝑂𝐻 → �̇�𝐻2𝑂𝐻 + 𝐻

+ 6.8 

𝑁𝑎𝑇𝑎𝑂3 + ℎ𝑣 → 𝑒𝐶𝐵
− + ℎ𝑉𝐵

+ 6.9 

𝑒𝐶𝐵
− + 𝑇𝑎𝑠𝑢𝑟𝑓.

𝑉 → 𝑇𝑎𝑠𝑢𝑟𝑓.
𝐼𝑉 6.10 

ℎ𝑉𝐵
+ +−𝑂𝐻𝑠𝑢𝑟𝑓. → �̇�𝐻𝑠𝑢𝑟𝑓. 6.11 

 

  



𝑒𝐶𝐵
− + ℎ𝑉𝐵

+ → 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 6.12 

𝑒𝐶𝐵
− + �̇�𝐻𝑠𝑢𝑟𝑓. →

− 𝑂𝐻𝑠𝑢𝑟𝑓. 6.13 

ℎ𝑉𝐵
+ + 𝑇𝑎𝑠𝑢𝑟𝑓.

𝐼𝑉 → 𝑇𝑎𝑠𝑢𝑟𝑓.
𝑉 6.14 

𝑇𝑎𝑠𝑢𝑟𝑓.
𝐼𝑉 + 𝑂𝑥 → 𝑇𝑎𝑠𝑢𝑟𝑓.

𝑉 + 𝑂𝑥•− 6.15 

�̇�𝐻𝑠𝑢𝑟𝑓. + 𝑅𝑒𝑑 →
− 𝑂𝐻𝑠𝑢𝑟𝑓. + 𝑅𝑒𝑑

•+ 6.16 

ℎ𝑣





𝑁𝑎𝑇𝑎𝑂3 + ℎ𝑣 → 𝑒𝐶𝐵
− + ℎ𝑉𝐵

+ 6.9 

𝑒𝐶𝐵
− + 𝑇𝑎𝑉 → 𝑇𝑎𝐼𝑉 6.10 

𝑇𝑎𝐼𝑉 + 𝐿𝑎𝐼𝐼𝐼 → 𝑇𝑎𝑉 + 𝐿𝑎𝐼𝐼 6.17 



𝑃𝑡/𝑁𝑎𝑇𝑎𝑂3 + ℎ𝑣 → 𝑒𝐶𝐵
− + ℎ𝑉𝐵

+ 6.18 

𝑒𝐶𝐵
− + 𝑃𝑡𝑛 → 𝑃𝑡𝑛

− 6.19 

𝑃𝑡𝑛
− + ℎ𝑉𝐵

+ → 𝑃𝑡𝑛 + 𝑂2
•− 6.20 

𝑃𝑡𝑛
− + ℎ𝑉𝐵

+ → 𝑃𝑡𝑛 6.21 



 

 

 



 

𝑟𝑑,𝑜𝑝𝑡 = 
6𝑀

𝑁𝐴 ∙ 𝜌 ∙ 𝜋 ∙ 𝑑
2
×2.40 𝑚𝑚−1 6.22 

∙

ρ

π

  



O2
•−

eCB
− hVB

+  ȮHsurf.

𝑁𝑎𝑇𝑎𝑂3 + ℎ𝑣 → 𝑒𝐶𝐵
− + ℎ𝑉𝐵

+ 6.9 

ℎ𝑉𝐵
+ +−𝑂𝐻𝑠𝑢𝑟𝑓. → �̇�𝐻𝑠𝑢𝑟𝑓. 6.23 

𝑂2 + 𝑒𝐶𝐵
− → 𝑂2

•− 6.24 

𝑂2
•− + ℎ𝑉𝐵

+ → 𝑂2 6.25 

𝑂2
•− + �̇�𝐻𝑠𝑢𝑟𝑓. → 𝑂2+

−𝑂𝐻𝑠𝑢𝑟𝑓. 6.26 

O2
•−





 

β

∙

∙

∙



 

𝑘1 =
𝐿𝑛 2

𝑡1
2⁄

6.27 



 
 

 

 





 

 



 



 

 



θ

α ∙

α ∙

∙ ∙



∙

∙

∙

∙



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  







 









 



 



 

 





 







 














