
Richards 

% 𝑒𝑒 =
𝑅 + 𝑆

𝑅 − 𝑆
 𝑥 100 

% =
% 𝑒𝑒 + 100

2
 

[𝛼]𝑜 =
[𝛼]

𝑙 𝑥 𝑐
 𝑥 100 

𝑂𝑃 =
[𝛼]

[𝛼]𝑜
𝑥 100 = 𝑒𝑒 (𝑢𝑛𝑑𝑒𝑟 𝑖𝑑𝑒𝑎𝑙 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠) 

∆∆𝐺‡ = −𝑅𝑇𝑙𝑛𝐾 

𝑘1

𝑘2
= 𝑒−

∆∆𝐺‡

𝑅𝑇  

∆∆𝐺‡ = ∆∆𝐻‡ − 𝑇∆∆𝑆‡ 

𝑠 =
𝑘𝑓𝑎𝑠𝑡

𝑘𝑠𝑙𝑜𝑤
=

ln (1 − 𝑐)(1 − 𝑒𝑒𝑠)

ln (1 − 𝑐)(1 + 𝑒𝑒𝑠)
             𝑒𝑒𝑠 = −𝑒𝑒𝑝 

 

𝑐 =
𝑒𝑒𝑠

𝑒𝑒𝑠 + 𝑒𝑒𝑝
 𝑥 100 

𝐴𝐶𝐸 =
𝑚𝑅𝑝𝑟𝑜𝑑

𝑚𝑅𝑐𝑎𝑡
𝑥

1

𝑚𝑜𝑙%
 𝑥 

% 𝑒𝑒

100
 𝑥 % 

Paz 

𝜎𝑥 = log
𝑘𝑎(𝑋𝐶6𝐻4𝐶𝑂𝑂𝐻)

𝑘𝑎(𝐶6𝐻5𝐶𝑂𝑂𝐻)
= 𝑝𝐾𝑎(𝐶6𝐻5𝐶𝑂𝑂𝐻) − 𝑝𝐾𝑎(𝑋𝐶6𝐻4𝐶𝑂𝑂𝐻) 

log (
𝑘𝑥

𝑘𝐻
) = 𝜌𝜎 

𝑘 = 𝐴𝑒−
𝐸𝑎
𝑅𝑇                   𝑙𝑛𝑘 = −

𝐸𝑎

𝑅𝑇
+ 𝑙𝑛𝐴 

ln (
𝑘

𝑇
) = ln (

𝑘𝑏

ℎ
) −

∆𝐻‡

𝑅𝑇
+

∆𝑆‡

𝑅
 

 

In addition to this need to know rate equations and half-life equations. 



Vasily 

𝐹𝑖 = 𝑚𝑖𝑎𝑖 = −
𝑑𝐸𝑖

𝑑𝑟𝑖
 

𝑟(𝑡 + 𝛿𝑡) = 2𝑟(𝑡) − 𝑟(𝑡 − 𝛿𝑡) +
𝐹(𝑡)

𝑚
𝛿𝑡2 

 

𝐸𝑡𝑜𝑡𝑎𝑙 = 𝐸𝑏𝑜𝑛𝑑𝑒𝑑 + 𝐸𝑛𝑜𝑛−𝑏𝑜𝑛𝑑𝑒𝑑  

𝐸𝑏𝑜𝑛𝑑𝑒𝑑 = 𝑉𝑏𝑜𝑛𝑑 + 𝑉𝑎𝑛𝑔𝑙𝑒 + 𝑉𝑡𝑜𝑟𝑠𝑖𝑜𝑛 + 𝑉𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡  

𝐸𝑛𝑜𝑛−𝑏𝑜𝑛𝑑𝑒𝑑 = 𝑉𝑞𝑞 + 𝑉𝑣𝑑𝑤 + 𝑉ℎ𝑏 

 

𝑉𝑏𝑜𝑛𝑑 =
𝐾𝑟

2
(𝑟 − 𝑟𝑜)2 

𝑉𝑎𝑛𝑔𝑙𝑒 =
𝐾𝜃

2
(𝜃 − 𝜃𝑜)2 

𝑉𝑡𝑜𝑟𝑠𝑖𝑜𝑛 =
𝑉𝜙

2
[1 + cos(𝑛𝜙 − 𝛾)] 

𝑉𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡 =
𝐾𝜙

2
(𝜙 − 𝜙𝑜)2 

 

𝑉𝑞𝑞 =
𝑞𝑖𝑞𝑗

𝑟𝑖𝑗

|𝑒2|

4𝜋𝜀𝑜𝜀
 

𝑉𝑣𝑑𝑤 =
𝐴𝑖𝑗

𝑟𝑖𝑗
12 +

𝐵𝑖𝑗

𝑟𝑖𝑗
6  

𝑉ℎ𝑏 =
𝑐𝑖𝑗

𝑟𝑖𝑗
12 +

𝐷𝑖𝑗

𝑟𝑖𝑗
10 

                                                                              

∆𝐺 = −𝑅𝑇𝑙𝑛 (
𝑃2

𝑃1
) 

 

 



Meech 

Transition State Theory 

𝑞𝑣 =
1

1 − 𝑒−
ℎ𝑣
𝑘𝑇

         𝑞𝑣 (𝑙𝑜𝑤 𝑇) = 1      𝑞𝑣 (ℎ𝑖𝑔ℎ 𝑇) =
𝑘𝑇

ℎ𝑣
 

𝑞𝑅 (𝑙𝑖𝑛𝑒𝑎𝑟) =
8𝜋2𝐼𝑘𝑇

𝜎ℎ2
      𝑞𝑅 (𝑛𝑜𝑛−𝑙𝑖𝑛𝑒𝑎𝑟) = (

𝑘𝑇

ℎ𝑐
)

3
2

(
𝜋

𝐴𝐵𝐶
)

1
2
 

𝑞𝑇 (1𝐷) = (
2𝜋𝑚𝑘𝑇

ℎ2
)

1
2

𝑥      𝑞𝑇 (3𝐷) = (2𝜋𝑚𝑘𝑇)
3
2

𝑉

ℎ3
   

 

𝑘𝑇𝑆𝑇 =
𝑘𝑇

ℎ

𝑞𝑅
‡ 𝑞𝑇

‡ 𝑞𝑣𝑉

𝑞𝐴𝐵𝑞𝐶
𝑒−

𝐸𝑜
𝑅𝑇 

 

𝐼 =  𝜇𝑟2         3N-6 = non linear      3N-5 = linear 

 

Transition State Theory in Solution 

 

𝑧 = 𝜎𝑐𝑟𝑒𝑙𝑁      𝜎 = 𝜋𝑟2      𝑐𝑟𝑒𝑙 = (
8𝑘𝑇

𝜋𝑚
)

1
2

      𝑁 =
𝑙𝑖𝑞𝑢𝑖𝑑 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑥 𝑁𝐴

𝑎𝑡𝑜𝑚𝑖𝑐 𝑚𝑎𝑠𝑠
 

 

 

𝑘𝑘𝑟𝑎𝑚𝑒𝑟𝑠 =
𝜔𝑟

2𝜋𝜔𝑏
((

𝛾2

4
+ 𝜔𝑏

2)

1
2

 
𝛾

2
) 𝑒−

𝐸𝑎
𝑘𝑇    

𝛾 = 𝜂      𝑘𝑘𝑟𝑎𝑚𝑒𝑟𝑠 (𝜂→0) =
𝜔𝑟

2𝜋
𝑒−

𝐸𝑎
𝑘𝑇       𝑘𝑘𝑟𝑎𝑚𝑒𝑟𝑠 (𝜂≫𝜔𝑏) =

𝜔𝑟𝜔𝑏

2𝜋𝜂
𝑒−

𝐸𝑎
𝑘𝑇  

 

Need to know how to derive upper and lower limits 

 



Electron Transfer Reactions 

𝑘𝐸𝑇 = 2 < 𝐻𝐷𝐴 >2  (
𝜋3

4𝜋𝑅𝑇
)

1
2

𝑒−
∆𝐺‡

𝑅𝑇
   

< 𝐻𝐷𝐴 >2 = < 𝐻𝐷𝐴
𝑜 >2 𝑒−𝛽𝑟  

< 𝐻𝐷𝐴 > =  ∫ 𝜓𝑜𝐻̂𝐷𝐴𝜓𝐴𝑑𝜏 

 

𝐺𝑖 = 𝐺𝑖
𝑜 +

1

2
𝜔𝑠2(𝑥 − 𝑥𝑖)2 

𝑥𝑐 =
1

2
(𝑥𝐴 + 𝑥𝐷) +

∆𝐺𝑜

𝜔𝑠2(𝑥𝐴 − 𝑥𝐷)
 

∆𝐺‡ =
1

2
𝜔𝑠2 ( 

1

2
(𝑥𝐴 − 𝑥𝐷) +

∆𝐺𝑜

𝜔𝑠2(𝑥𝐴 − 𝑥𝐷)
) 

𝜆 =
1

2
𝜔𝑠2(𝑥𝐷 − 𝑥𝐴)2 

  ∆𝐺‡ =
(𝜆+∆𝐺𝑜)2

4𝜆
 

 

𝑙𝑛𝑘𝐸𝑇 = 𝑙𝑛𝐴 −
∆𝐺‡

𝑅𝑇
= 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 −

(∆𝐺𝑜 + 𝜆)2

4𝜆𝑅𝑇

= −
∆𝐺𝑜

2

4𝑅𝑇𝜆
−

∆𝐺𝑜

2𝑅𝑇
−

𝜆

4𝑅𝑇
+ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

𝛿𝑙𝑛𝑘𝐸𝑇

𝛿∆𝐺𝑜
= −

∆𝐺𝑜

2𝜆𝑅𝑇
−

1

2𝑅𝑇
= 0        ∆𝐺𝑜 = −𝜆 

 


