
 

 



 



 

 
 

 

Life goes on… 







I 



II 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



III 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 

 

 

 



IV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



V 

 

 

 

 

 

 

 

 

 

 

 

 

 



VI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

α ω

 

α ω

 



VII 

α ω

 

α ω

 

α ω

 

α ω

 

α ω

 

α ω

 

α ω

 

α ω

 

α ω

 

α ω

 

α ω

 

α

ω  

α

ω  



8 

 

  

Flavonoide Posición OH 

Kaempferol 3, 5, 7 y 4´ 

Luteolina 5,7, 3´y 4´ 

Quercetina 3, 5, 7, 3´ y 4´ 

Miricetina  3, 5, 7, 3´, 4´ y 5´ 

Dihidroquercetina  3, 5, 7, 4´ y 5´ 
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{
−ℎ2

8𝜋2𝑚
∇2 + 𝑉} Ψ(𝑟, 𝑡) =

𝑖ℎ

2𝜋

𝛿Ψ(𝑟, 𝑡)

𝛿𝑡

Ψ

Ψ∗Ψ

Ψ
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𝑟𝑖 Ψℎ(𝑟1, 𝑟2, . . . , 𝑟𝑁)

Ψℎ(𝑟1,𝑟2, . . . , 𝑟𝑁) = ∅1(𝑟1) ∗ ∅2(𝑟2). . . ∅𝑁(𝑟𝑁)

 

         

(2)

𝐻𝑒 = 𝑇̂𝑒+𝑉̂𝑛𝑒+𝑉̂𝑒𝑒+𝑉̂𝑛𝑛

 

         

..(3)

𝑇̂𝑒 = ∑
−∇2

𝑖

2

𝑛
𝑖=1 𝑉̂𝑛𝑒 = ∑ ∑

−𝑍𝐴

𝑟𝑖𝐴

𝑁
𝐴

𝑛
𝑖 𝑉̂𝑒𝑒 = ∑ ∑

1

𝑟𝑖𝑗

𝑛
𝑗

𝑛
𝑖 = 𝑔̂𝑖𝑗

 

          

…(4)

𝑉̂𝑛𝑛 = ∑ ∑
𝑍𝐴𝑍𝐵

𝑅𝐴𝐵

𝑁

𝐵>𝐴

𝑁

𝐴

 

       (5)

T̂

𝑉̂

𝐻 = ∑
−∇2

𝑖

2

𝑛

𝑖=1

+ ∑ ∑
−𝑍𝐴

𝑟𝑖𝐴

𝑁

𝐴

𝑛

𝑖

+ ∑ ∑
1

𝑟𝑖𝑗

𝑛

𝑗

+

𝑛

𝑖

∑ ∑
𝑍𝐴𝑍𝐵

𝑅𝐴𝐵

𝑁

𝐵>𝐴

𝑁

𝐴

 

      (6)

𝑉̂𝑛𝑛 𝑇̂𝑒 𝑉̂𝑛𝑒

𝑇̂𝑒 + 𝑉̂𝑛𝑒 = ∑
−∇2

𝑖

2

𝑛

𝑖=1

+ ∑ ∑
−𝑍𝐴

𝑟𝑖𝐴

𝑁

𝐴

𝑛

𝑖

= ∑ (
−∇2

2
+ ∑

−𝑍𝐴

𝑟𝑖𝐴

𝑁

𝐴

) =

𝑛

𝑖=1

∑ ℎ̂𝑖

𝑛

𝑖=1

 

      (72)
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𝑉̂𝑒𝑒
𝑛(𝑛−1)

2

𝐻 = ∑ ∑
𝑍𝐴𝑍𝐵

𝑅𝐴𝐵

𝑁

𝐵>𝐴

𝑁

𝐴

+ ∑ ℎ̂𝑖

𝑛

𝑖=1

+ ∑ ∑
1

𝑟𝑖𝑗

𝑛

𝑗>𝑖

𝑛

𝑖

 

      (8)

⟨𝜙𝑖|𝑜̂|𝜙𝑗⟩ = ⟨𝑖|𝑜|𝑗⟩ = ∫ 𝜙𝑖 (𝑋1) 𝜙𝑗 (𝑋1)𝑑𝑋1

 

      (9)

[𝜙𝑖 𝜙𝑗|𝜙𝑘𝜙𝑗 ] = [𝑖𝑗|𝑘𝑙]

        

             

…..(10) 

= ∬ ∫ 𝜙𝑖 (𝑋1)𝜙𝑗 (𝑋1)
1

𝑟12
𝜙𝑘(𝑋2) 𝑑𝑋1𝑑𝑋2

 

(11)

Ψ𝐻𝐹

E𝐻𝐹

⟨Ψ𝐻𝐹|𝐻|Ψ𝐻𝐹⟩ = ⟨Ψ𝐻𝐹|E𝐻𝐹|Ψ𝐻𝐹⟩

 

      (12)
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= ⟨Ψ𝐻𝐹|𝐻|Ψ𝐻𝐹⟩ = E𝐻𝐹⟨Ψ𝐻𝐹|Ψ𝐻𝐹⟩       (13)

 
 

E𝐻𝐹 =
⟨Ψ𝐻𝐹|𝐻|Ψ𝐻𝐹⟩

⟨Ψ𝐻𝐹|Ψ𝐻𝐹⟩

 

      (14)

Ψ𝐻𝐹 E𝐻𝐹

Ψ𝐻𝐹

E𝐻𝐹

E𝑚í𝑛 = ⟨Ψ𝐻𝐹|𝐻|Ψ𝐻𝐹⟩ < ⟨Ψ|𝐻𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛|Ψ⟩

 

      (15)

𝜙𝑖 ⟶ 𝜙𝑖 + 𝛿𝜙𝑖 ϕ

𝜙𝑖

⟨𝛼|𝛽⟩ = ⟨𝛽|𝛼⟩ = 0 

 

      (16)

 
⟨𝛼|𝛼⟩ = ⟨𝛽|𝛽⟩ = 1 

 

      (17)

⟨𝜙𝑖|𝜙𝑗⟩ = 𝛿𝑖𝑗

 

      (18)

𝛿𝑖𝑗

E𝐻𝐹 = ⟨Ψ𝐻𝐹|𝐻|Ψ𝐻𝐹⟩       (19)
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𝐾𝑖𝑖

⟨Π|𝑔̂𝑖𝑗|Π⟩

= ⟨𝜙1(1)𝜙2(2)|𝑔̂𝑖𝑗|𝜙2(2)𝜙1(1)⟩⟨𝜙3(3)|𝜙3(3)⟩. . . ⟨𝜙𝑁(𝑁)|𝜙𝑁(𝑁)⟩

= ⟨𝜙1(1)𝜙2(2)|𝑔̂𝑖𝑗|𝜙2(2)𝜙1(1)⟩ = 𝐾12

 

      (20)

𝐾12

𝐾𝑖𝑗

𝐾𝑖𝑗 = ⟨𝜙1(1)𝜙2(2)|
1

𝑟12
|𝜙2(2)𝜙1(1)⟩ 

       

      (21)
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𝐾𝑖𝑗

𝑉𝑒𝑒

𝑉𝑒𝑒 = 𝐽𝑒𝑒 − 𝐾𝑒𝑒 = ∑ ∑(𝐽𝑒𝑒 − 𝐾𝑒𝑒)

𝑛

𝑗

𝑛

𝑖

 

      (22)

E = 𝑉𝑁𝑁 + ∑ ℎ𝑖𝑖

𝑛𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑒𝑠

𝑖=1

+ ∑ ∑ (𝐽𝑒𝑒 − 𝐾𝑒𝑒)

𝑛𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑒𝑠

𝑗

𝑛𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑒𝑠

𝑖

 

 

      (23)

E = 𝑉𝑁𝑁 + 2 ∑ ℎ𝑖𝑖

𝑛𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑒𝑠

𝑖=1

+ ∑ ∑ (2𝐽𝑒𝑒 − 𝐾𝑒𝑒)

𝑛𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑒𝑠

𝑗

𝑛𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑒𝑠

𝑖

 

      (24)

𝐸𝑒 = ∑⟨𝜙𝑖|ℎ̂𝑖|𝜙𝑖⟩

𝑁

𝑖=1

+
1

2
∑ ∑(⟨𝜙𝑗|𝐽𝑖 |𝜙𝑗⟩ − ⟨𝜙𝑗|𝐾𝑖 |𝜙𝑗⟩) + 𝑉𝑁𝑁

𝑁

𝑗

𝑁

𝑖

 

      (25)

𝐽𝑖 |𝜙𝑗 (2)⟩ = ⟨𝜙𝑖 (1)|𝑔̂12|𝜙𝑖 (1)⟩𝜙𝑗(2)⟩

  

      (26)
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𝐾𝑖 |𝜙𝑗 (2)⟩ = ⟨𝜙𝑖 (1)|𝑔̂12|𝜙𝑗 (1)⟩𝜙𝑖 (2)⟩ 

 

      (27)

φ

φ

ψ ψ

δφ ψ ψ

δφ

L = E − ∑ 𝜆𝑖𝑗

𝑁

𝑖𝑗

(〈𝜙𝑖 |𝜙𝑗〉 − 𝛿𝑖𝑗 )

 

      (28)

δL = δE − ∑ 𝜆𝑖𝑗 (⟨𝛿𝜙𝑖|𝜙𝑗⟩ + ⟨𝜙𝑖|𝛿𝜙𝑗⟩) = 0

𝑁

𝑖𝑗

 

      (29)

𝜙𝑖

δE = ∑(⟨𝛿𝜙𝑖|ℎ̂|𝜙𝑖 ⟩ + ⟨𝜙𝑖|ℎ̂|𝛿𝜙𝑖⟩)

𝑁

𝑖 =1

+ ∑(⟨𝛿𝜙𝑖 |𝐽𝑗 − 𝐾𝑗|𝜙𝑖⟩ + ⟨𝜙𝑖 |𝐽𝑗 − 𝐾𝑗|𝛿𝜙𝑖 ⟩)

𝑁

𝑖𝑗

 

      (30)

𝐹̂𝑖

𝐹̂𝑖 = ℎ̂𝑖 + ∑(𝐽𝑗 − 𝑘̂𝑗 )

𝑁

𝑗

 

      (31)
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δE = ∑(⟨𝛿𝜙𝑖|𝐹̂|𝜙𝑖⟩ + ⟨𝜙𝑖|𝐹̂|𝛿𝜙𝑖⟩)

𝑁

𝑖=1

 

      (32)

δL = ∑(⟨𝛿𝜙𝑖|𝐹̂|𝜙𝑖⟩ + ⟨𝜙𝑖|𝐹̂|𝛿𝜙𝑖⟩)

𝑁

𝑖=1

+ ∑ 𝜆𝑖𝑗 (⟨𝛿𝜙𝑖|𝜙𝑗⟩ + ⟨𝜙𝑖|𝛿𝜙𝑗⟩) = 0

𝑁

𝑖𝑗

 

      (33)

𝜙𝑖

δL = 0

𝐹̂𝑖 𝜙𝑖 = ∑ 𝜆𝑖𝑗

𝑁

𝑖𝑗

𝜙𝑗

 

      (34)

𝜆𝑖𝑗 → 0 𝜆𝑖𝑖 → 𝜀𝑖

𝐹̂𝑖 𝜙𝑖
´ = 𝜀𝑖 𝜙𝑖

´       (35)
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𝐻0 = ∑ 𝑓̂(𝑚)

𝑛

𝑚=1

𝑓̂(𝑚) =
1

2
∇𝑚

2 − ∑
𝑍𝑎

𝑟𝑚𝑎
𝑎

+ ∑[𝐽𝑗 (𝑚) − 𝐾𝑗 (𝑚)]

𝑛

𝑗=1

|𝑢1, 𝑢2, … , 𝑢𝑛|

𝜙0

𝐻0 𝑚 
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𝑓̂(𝑚)𝑢𝑖 (𝑚) = 𝜀𝑖 𝑢𝑖(𝑚)

[𝑓̂(1) + 𝑓̂(2) + 𝑓̂(3) + 𝑓̂(4)]𝑢1(3)𝑢2 (3)𝑢3 (4)𝑢4(1)

= (𝜀1 + 𝜀2 + 𝜀3 + 𝜀4)𝑢1(3)𝑢2(2)𝑢3(4)𝑢4(1)

𝐻0

𝐻0𝜙0 = (∑ 𝜀𝑚

𝑛

𝑚=1

) 𝜙0

𝐻0 

𝜙0

𝑓̂(𝑚)

𝐻0 

𝐻 ´

 𝐻0

𝐻 ´ = (𝐻 − 𝐻0) = ∑ ∑
1

𝑟𝑙𝑚
𝑚>𝑙𝑙

− ∑ ∑ [𝐽𝑗 (𝑚) − 𝐾𝑗 (𝑚)]
𝑛

𝑗=1

𝑛

𝑚=1

𝐸0
(1) = ⟨Ψ0

(0)
|𝐻 ´|Ψ0

(0)
⟩ = ∫ Ψ0

(0)
𝐻 ´Ψ0

(0)
𝑑𝜏 = ⟨𝜙0|𝐻 ´|𝜙0⟩
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𝐸0
(0) + 𝐸0

(1) = ⟨Ψ0
(0)

|𝐻0|Ψ0
(0)

⟩ + ⟨𝜙0|𝐻 ´|𝜙0⟩

= ⟨𝜙0|𝐻0 + 𝐻 ´|𝜙0⟩ = ⟨𝜙0|𝐻|𝜙0⟩

⟨𝜙0|𝐻|𝜙0⟩

𝐸0
(0)

+ 𝐸0
(1)

= 𝐸𝐻𝐹

𝜙0 𝐻0

∑ 𝜀𝑚

𝑛

𝑚=1

𝐸0
(0)

= ∑ 𝜀𝑚
𝑛
𝑚=1

𝐸𝑛
(2)

:

𝐸0
(2)

= ∑
|⟨Ψ𝑠

(0)
|𝐻 ´|𝜙0⟩|

2

𝐸0
(0)

− 𝐸𝑠
(0)

𝑠
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𝐸0[𝜌] = 𝑇[𝜌] + 𝐸𝑒𝑒[𝜌] + 𝐸𝑒𝑛[𝜌] + 𝑉𝑛𝑛

𝐸0 [𝜌] 𝑇[𝜌]

𝐸𝑒𝑒[𝜌] 𝐸𝑒𝑛[𝜌] 𝑉𝑛𝑛

𝐸𝑒𝑛

𝐹𝐻𝐾

𝐹𝐻𝐾[𝜌] = 𝑇[𝜌] + 𝐸𝑒𝑒[𝜌]

𝐹𝐻𝐾
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𝐸𝑒𝑒 [𝜌] = 𝐽[𝜌] + 𝐸𝑋𝐶[𝜌]

𝐸0[𝜌] = 𝐸𝑒𝑛[𝜌] + 𝑉𝑛𝑛 + 𝐽[𝜌] + (𝑇[𝜌] + 𝐸𝑥𝑐 [𝜌])

𝐸𝑥𝑐

𝐸𝑥𝑐

𝐸𝑥𝑐
𝐺𝐺𝐴[𝜌] = ∫ 𝑓(𝜌(𝑟), ∇𝜌(𝑟))

𝐸𝑥𝑐
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𝜏𝜎(𝑟)

𝜏𝜎 (𝑟) =
1

2
∑|∇𝜙𝑖𝜎 (𝑟)|2

𝑜𝑐𝑐

𝑖

𝐸𝑥𝑐
𝑀𝐺𝐺𝐴[𝜌] = ∫ 𝑓(𝜌(𝑟), ∇𝜌(𝑟), ∇2𝜌(𝑟), 𝜏𝜎 (𝑟))

𝐸(ℎ𝑦𝑏) = 𝑎𝐸(𝐷𝐹𝑇) + 𝑏𝐸(𝐻𝐹)
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𝐻(𝑡) = 𝑇̂ + 𝑉̂𝑒𝑥𝑡 (𝑡) + 𝑊̂

𝑉̂𝑒𝑥𝑡(𝑡)

𝐻(𝑡)|Ψ(t)⟩ = 𝑖ℎ
𝑑

𝑑𝑡
|Ψ(t)⟩, |Ψ(0)⟩ = |Ψ⟩
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𝑉𝑠(𝑟, 𝑡) 𝑉𝑘𝑠(𝑟, 𝑡)

𝐻𝑠(𝑡) = 𝑇̂ + 𝑉̂𝑠(𝑡)

𝐻𝑠(𝑡)|Φ(t)⟩ = 𝑖
𝑑

𝑑𝑡
|Φ(t)⟩, |Φ(0)⟩ = |Φ⟩

(−
1

2
∇2 + 𝜐𝑠 (𝑟, 𝑡)) 𝜙𝑖 (𝑟,𝑡) = 𝑖

𝑑

𝑑𝑡
𝜙𝑖 (𝑟,𝑡)      𝜙𝑖 (𝑟, 0) = 𝜙𝑖(𝑟)

𝜌𝑠 (𝑟, 𝑡) = ∑ 𝑓𝑖 (𝑡)|𝜙𝑖 (𝑟, 𝑡)|2

𝑁𝑏

𝑖=1

𝜌𝑠  todo momento: 

𝜌𝑠 (𝑟, 𝑡) = 𝜌(𝑟, 𝑡) 
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𝛿𝑉𝑒𝑥𝑡(𝑡 

𝐻 ´ = 𝐻 + 𝛿𝑉𝑒𝑥𝑡(𝑡)

 

𝐸𝑥𝑐 = (1 − 𝐴)(𝐸𝑋
𝐿𝐷𝐴 + 𝐵𝐸𝑋

𝐵𝑒𝑐𝑘𝑒 + 𝐴𝐸𝑋
𝐻𝐹 + (1 − 𝐶)𝐸𝐶

𝑉𝑊𝑁 + 𝐶𝐸𝐶
𝐿𝑌𝑃
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𝐸𝑋
𝐿𝐷𝐴 𝐸𝑋

𝐻𝐹 𝐸𝐶
𝑉𝑊𝑁 𝐸𝑋

𝐵𝑒𝑐𝑘𝑒  

𝐸𝐶
𝐿𝑌𝑃

 

𝐸𝑥𝑐 =

𝐸𝑥 + 𝐸𝑐 𝑛↑(𝑟) 𝑛↓(𝑟)

𝐸𝑥𝑐
𝐿𝑆𝐷[𝑛↑ ,𝑛↓] = ∫ 𝑑3𝑟𝑛𝜖𝑥𝑐

𝑢𝑛𝑖𝑓
(𝑛↑ ,𝑛↓)

𝑛 = 𝑛↑ 𝑛↓

𝐸𝑥𝑐
𝐺𝐺𝐴[𝑛↑ , 𝑛↓] = ∫ 𝑑3𝑟𝑓(𝑛↑ ,𝑛↓ , ∇𝑛↑ ,∇𝑛↓)

 

 

Este funcional pertenece a las versiones híbridas (es decir, mezcladas con Hartree-Fock o 

energías exactas de intercambio; DFT es el 
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𝐸𝐶
𝜎𝜎 = −0.01 ∫ 𝜌𝜎 𝐷𝜎𝑍𝜎𝜎

4 [1 −
2

𝑍𝜎𝜎
𝑙𝑛 (1 +

𝑍𝜎𝜎

2
)] 𝑑3𝑟

𝑍𝜎𝜎 𝜎𝜎 𝐷𝜎

𝐷𝜎 = 𝜏𝜎 −
1

4

(⋁𝜌𝜎 )2

𝜌𝜎

𝜏𝜎 = ∑ |⋁Ψ𝑖𝜎 |2
𝑖

𝐷𝜎 

𝜎𝜎 

𝐷𝜎
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𝐸 =
𝑋

100
𝐸𝑋

𝐻𝐹 + (1 −
𝑋

100
) 𝐸𝑋

𝐷𝐹𝑇 + 𝐸𝐶
𝐷𝐹𝑇

𝐸𝑋
𝐻𝐹

𝐸𝑋
𝐷𝐹𝑇 𝐸𝐶

𝐷𝐹𝑇
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∆𝐺𝑆
° = ∆𝐺𝐸𝑁𝑃 + 𝐺𝐶𝐷𝑆 + ∆𝐺𝑐𝑜𝑛𝑐

°

∆𝐺𝑐𝑜𝑛𝑐
0

∆𝐺𝑐𝑜𝑛𝑐
0

∆𝐺𝑁𝑃
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𝜀 =

𝐺𝑠𝑜𝑙 = 𝐺𝑒𝑠 + 𝐺𝑐𝑎𝑣 + 𝐺𝑑𝑟

𝐺𝑒𝑠 𝐺𝑐𝑎𝑣 𝐺𝑑𝑟
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𝑘𝐸𝑆𝐼𝑃𝑇 > 1012𝑠−1
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π
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𝐸 = ∑ 𝐾𝑏(𝑙 − 𝑙0)2 + ∑ 𝑘𝑎(𝜃 − 𝜃0)2

𝑎𝑛𝑔𝑙𝑒𝑠𝑏𝑜𝑛𝑑𝑠

+ ∑ ∑
1

2
𝑛

𝑉𝑛⌈1 + cos (𝑛𝑤 − ϓ)⌉

𝑡𝑜𝑟𝑠𝑖𝑜𝑛𝑠

+ ∑ ∑ 𝑓𝑖𝑗 {∈𝑖𝑗 [(
𝑟0𝑖𝑗

𝑟𝑖𝑗
)

12

− 2 (
𝑟0𝑖𝑗

𝑟𝑖𝑗
)

6

] +
𝑞𝑖 𝑞𝑗

4𝜋𝜖0 𝑟𝑖𝑗
}

𝑁

𝑖=𝑗+1

𝑁−1

𝑗=1

𝑖 𝑗
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𝑊𝑣𝑑𝑊 𝑊𝐻−𝐵𝑜𝑛𝑑 𝑊𝑒𝑙𝑒𝑐  𝑊𝑠𝑜𝑙𝑣 , y 𝑊𝑡𝑜𝑟𝑠 . 

• Van der Waals 

∆𝐺𝑣𝑑𝑊 = 𝑊𝑣𝑑𝑊 (∑
𝐴𝑖𝑗

𝑟𝑖𝑗
12

𝑖,𝑗

−
𝐵𝑖𝑗

𝑟𝑖𝑗
6 ) 

 

• Enlace de hidrogeno 
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∆𝐺𝐻−𝐵𝑜𝑛𝑑 = 𝑊𝐻−𝐵𝑜𝑛𝑑 (∑ 𝐸(𝑡) (
𝐶𝑖𝑗

𝑟𝑖𝑗
12

−
𝐷𝑖𝑗

𝑟𝑖𝑗
10

+ 𝐸ℎ𝑏𝑜𝑛𝑑 )   

𝑖,𝑗

)

 

 

• Electrostático 

∆𝐺𝑒𝑙𝑒𝑐𝑡 = 𝑊𝑒𝑙𝑒𝑐 ∑
𝑞𝑖

𝜀𝑟𝑖𝑗
𝑖,𝑗

𝑞𝑗

𝑟𝑖𝑗

 

• 

∆𝐺𝑠𝑜𝑙𝑣 = 𝑊𝑠𝑜𝑙𝑣 ∑(𝑐)

𝑖

, 𝑗(𝑆𝑖 𝑉𝑗) ∗ 𝑒𝑥𝑝 (
−𝑟𝑖𝑗

2

2𝜎2
)

• 

∆𝐺𝑠𝑜𝑙𝑣 = 𝑊𝑡𝑜𝑟𝑠 𝑁𝑡𝑜𝑟𝑠

𝑁𝑡𝑜𝑟𝑠
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Configuración Medio Método Mínimo Máximo 

Q00000S Agua MP2/6-31G(d,p) -1101.1196 -1101.11481 

  Etanol   -1101.1191 -1101.11428 

  Metanol    -1101.1193 -1101.11446 
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.

Nota: ES0 es la energía de la molécula optimizada en el estado fundamental S0; ES1 es la energía del primer estado 

excitado, S1 en la geometría optimizada del estado fundamental, S0 se refiere al cálculo específico del estado de 

solvatación de no equilibrio. Para el vacío, ES1 es la energía del primer estado excitado, S1 en la geometría optimizada 

del estado fundamental S0. ES1* es la energía del primer estado excitado S1, en su geometría optimizada a partir del 

cálculo específico del estado de solvatación de equilibrio. Para el vacío, ES1* es la energía del primer estado excitado S1, 

en su geometría optimizada; ES0* es la energía del estado fundamental, S0, con solvatación fuera del equilibrio, en la 

geometría optimizada del estado excitado, S1. Para el vacío, ES0* es la energía del estado fundamental S0, en la geometría 

optimizada del estado excitado S1. fem y fab son las fuerzas del oscilador para emisión y absorción, respectivamente.

ES0 (a.u) ES1(a.u) ES1* (a.u) ES0* (a.u)

 S0 opt  S0 opt  S1 opt  S1 opt

Metanol -1103.8499 -1103.7112 3.775 328.46 0.69 -1103.7212 -1103.8385 3.194 388.27 1

Agua -1103.8504 -1103.7117 3.774 328.52 0.693 -1103.7218 -1103.8393 3.186 389.18 1.01

Acetona -1103.8494 -1103.7107 3.773 328.65 0.7 -1103.7205 -1103.8382 3.201 387.41 0.99

Cloroformo -1103.8453 -1103.7068 3.769 329.01 0.73 -1103.7155 -1103.8351 3.252 381.31 0.91

Metanol -1103.8229 -1103.7132 2.983 415.63 0.78 -1103.7215 -1103.8154 2.554 485.52 0.78

Agua -1103.8235 -1103.7267 2.633 470.89 0.79 -1103.7222 -1103.8159 2.555 485.29 0.79

Acetona -1103.8223 -1103.713 2.976 416.67 0.78 -1103.721 -1103.8149 2.553 485.66 0.78

Cloroformo -1103.8175 -1103.71 2.925 423.88 0.71 -1103.7174 -1103.8109 2.544 487.45 0.71

Metanol -1103.831 -1103.7162 3.122 397.17 0.46 -1103.7354 -1103.818 2.249 551.29 0.46

Agua - - - - - -1103.7359 -1103.8187 2.253 550.26 0.48

Acetona -1103.8296 -1103.7154 3.105 399.29 0.45 -1103.7349 -1103.8175 2.25 551.62 0.45

Cloroformo -1103.8257 -1103.7134 3.057 405.59 0.32 -1103.7307 -1103.8123 2.221 558.25 0.31

Vacío -1103.8183 -1103.6667 4.124 300.62 0.35 - - - - -

Vacio -1103.8001 -1103.6862 3.098 400.23 0.2 -1103.7045 -1103.7768 1.965 630.87 0.06

lem (nm) fem

Q00000S enol (fig 15a)

ES1 - ES0 (eV) lab (nm) fab 

ES1* - ES0* 

(eV)

QC_A enol (fig 16 a)

QC_A OH5 enol (fig 16b)

Q00000S keto OH3 (fig 15c) 

Q00000S keto OH5 (fig 15b)
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ε ε ε ε

M062X/6-31++G(D,P)  Energía 

(hartrees)  

DeltaG 

(kcal/mol)  

Total 

electrostática 
Kcal/mol 

Total no 

electrostática 
Kcal/mol  

Momento Dipolar (D) 

     Vacío      Solución 

 
    QM   

  

Metanol ε=32.6 -1103.865502 -20.37 -26.17 5.79 0.5305 0.8076 

Agua ε=78.3 -1103.862496 -18.49 -27 8.51 0.5305 0.8202 

Acetona ε=20.4 -1103.862434 -18.45 -12.52 -5.93 0.5305 0.7496 

Cloroformo ε=4.7  -1103.858394 -15.91 -12.36 -3.55 0.5305 0.6905  
    QMO3       

Metanol -1103.836346 -24.03 -29.07 5.79 2.829 5.0461 

Agua -1103.833623 -22.32 -29.99 8.51 2.8291 5.1332 

Acetona -1103.828992 -19.42 -13.46 -5.93 2.8291 4.462 

Cloroformo -1103.825271 -17.08 -13.34 -3.55 2.8291 4.0818 
 

          QMO5 
 

    

Metanol -1103.832515 -25.28 -29.86 5.82 5.5215 7.9908 

Agua -1103.829751 -23.55 -30.81 8.49 5.5215 8.0616 

Acetona -1103.825717 -21.02 -13.52 -5.9 5.5215 7.4159 

Cloroformo -1103.82133 -18.26 -13.56 -3.52 5.5215 7.0688  
              QCris       

Metanol -1103.860161 -26.28 -34.66 5.82 9.8246 14.0052 

Agua -1103.857896 -24.85 -35.76 8.49 9.8246 14.1614 

Acetona -1103.854755 -22.88 -15.21 -5.9 9.8246 12.7783 

Cloroformo -1103.84897 -19.25 -15.3 -3.52 9.8246 12.2294  
            QCO5       

Metanol -1103.826755 -31.37 -31.11 5.83 12.8842 18.8619 

Agua -1103.824718 -30.09 -32.1 8.55 12.8842 19.0799 

Acetona -1103.818561 -26.23 -15.14 -5.88 12.8842 17.2774 

Cloroformo -1103.81188 -22.04 -14.74 -3.53 12.8842 16.411 
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Δ Δ

 

 
MP2 6-31G** HF 6-31G** B3LYP 6-

311+G** 
PBEPBE 6-
311+G** 

K0000 -1026.064742 -1023.05942431 -1029.26683825 -1028.10748425 

K0001 -1026.064570 -1023.05922831 -1029.26663160 -1028.10729318 

K0011 -1026.064369 -1023.05882913 -1029.26622300 -1028.10686291 

K0010 -1026.063222 -1023.05849610 -1029.26589564 -1028.10655766 
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∆𝐸

∆𝐸

∆𝐸 = −0.315

∆𝐸 = −0.234

∆𝐸 = −0.175
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𝜋
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𝜋 𝜋
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Configuración  Método Mínimo  Step 
(°grados) 

Máximo  Step 
(°grados) 

K0000 HF/6-31G(d,p) -1023.05957745 19.889 -1023.05325215 91.889 

K0001 
 

-1023.05957661 161.889 -1023.05324901 89.889 

K0010 
 

-1023.05901494 159.889 -1023.05291585 89.889 

K0011 
 

-1023.05901442 19.889 -1023.05291726 91.889 
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Configuración  Método Mínimo  Step 
(°grados) 

Máximo  Step 
(°grados) 

K0000 MP2 6-31G(d,p) -1026.06474212 153.889° -1026.05881777 89.889° 

K0001 
 

-1026.06463091 25.889° -1026.05882313 89.889° 

K0010  -1026.06436910 153.889° -1026.05855104 89.889° 

K0011 
 

-1026.06425023 159.889° -1026.05855730 89.889° 
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Configuración  Método Mínimo  Step 

(°grados) 

Máximo  Step 

(°grados) 

K0000 PBEBPBE 6-
311+G(d,p) 

-1028.10748408 0 -1028.09879322 89.889 

K0001 
 

-1028.10748419 179.889 -1028.09879399 89.889 

K0010 
 

-1028.10686289 0 -1028.09841055 89.889 

K0011 
 

-1028.10686262 179.889 -1028.09841169 89.889 
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Configuración  Método Mínimo  Step 
(°grados) 

Máximo  Step 
(°grados) 

K0000 B3LYP 6-

311+G(d,p) 
-1029.26683825 0 -1029.25893040 89.889 

K0001 
 

-1029.26683845 179.889 -1029.25892872 89.889 

K0010 
 

-1029.26622308 0 -1029.25856667 89.889 

K0011 
 

-1029.26622242 179.889 -1029.25856571 89.889 
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Medio Mínimo Máximo 

Etanol -1026.0787018184 -1026.0742475376 

Metanol  -1026.0788593268 -1026.0744178966 

Agua -1026.0791540695 -1026.0747371056 
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ES0 (a.u) 

 S0 opt 

ES1(a.u) 

 S0 opt 

ES1 - ES0 

(eV) 
lab (nm) fab  

ES1* (a.u) 

 S1 opt 

ES0* (a.u) 

 S1 opt 

ES1* - ES0* 

(eV) 
lem (nm) fem 

K0000 enol  

Metanol 

 Acetona 

Cloroformo 

--1028.6452 -1028.5058 3.793 326.83 0.67 -1028.51527 -1028.6339 3.227 384.15 0.989 

-1028.6445 -1028.5065 3.756 330.09 0.71 -1028.51472 -1028.6338 3.241 382.58 0.981 

-1028.6407 -1028.5029 3.749 330.67 0.73 -1028.51002 -1028.6306 3.281 377.82 0.887 

K0000 OH3 

Metanol 

 Acetona 

Cloroformo 

-1028.6177 -1028.5147 2.801 442.51 0.61 -1028.51570 -1028.6106 2.583 479.89 0.782 

-1028.6171 -1028.5145 2.792 444.06 0.62 -1028.51525 -1028.6101 2.582 480.22 0.774 

-1028.6013 -1028.5112 2.746 451.48 0.63 -1028.51166 -1028.6059 2.564 483.54 0.707 

K0000 OH5  

Metanol 

 Acetona 

Cloroformo 

-1028.6267 -1028.5143 3.056 405.67 0.41 -1028.53029 -1028.6136 2.267 546.76 0.458 

-1028.6261 -1028.5140 3.049 406.6 0.42 -1028.52981 -1028.6131 2.266 546.98 0.441 

-1028.6211 -1028.5110 2.994 414.01 0.43 -1028.52577 -1028.6082 2.243 552.77 0.648 

K0000 enol 

Vacío -1028.6293 -1028.4871 3.867 320.56 0.57 -1028.51176 -1028.5887 3.4215 362.37 0.605 

K keto OH3  

Vacío -1028.6293 -1028.4957 2.786 444.99 0.5155 -1028.50128 -1028.5927 2.4902 497.89 0.486 

K keto OH5 

        Vacío -1028.6076 -1028.4969 3.011 411.65 0.2974 -1028.51176 -1028.5888 2.0973 591.17 0.094 

          K0011 keto OH5     

Vacío -1028.6050 -1028.4946 3.005 412.52 0.271| -1028.51030 -1028.58498 2.0324 610.05 0.073 
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ES0 (a.u) 

 S0 opt 

ES1(a.u) 

 S0 opt 

ES1 - ES0 

(eV) 
lab (nm) fab  

ES1* (a.u) 

 S1 opt 

ES0* (a.u) 

 S1 opt 

ES1* - ES0* 

(eV) 
lem (nm) fem 

M enol  

Metanol 

 Acetona 

Cloroformo 

-1179.0539 -1178.9153 3.772 328.72 0.68 -1178.9254 -1179.0424 3.184 389.38 0.98 

-1179.0533 -1178.9149 3.768 412.87 0.68 -1178.9246 -1179.0420 3.193 388.25 0.97 

-1179.0489 -1178.9106 3.762 327.94 0.70 -1178.9188 -1179.0385 3.259 380.43 0.88 

M keto OH3  

Metanol 

Cloroformo 

-1179.0272 -1178.9223 2.854 406.08 0.617 -1178.9256 -1179.0198 2.562 483.83 0.77 

-1179.0216 -1178.9183 2.808 419.50 0.63 -1178.9210 -1179.0149 2.556 485.05 0.70 

M keto OH5  

Metanol -1179.0345 -1178.9224 3.0518 382.20 0.3967 -1178.9392 -1179.0204 2.209 561.22  0.41 

M enol  

Vacío -1179.0356 -1178.8934 3.8692 320.44 0.57 - - - - - 

M keto OH3 

Vacío -1179.0066 -1178.9012 2.8695 432.08 0.52 -1178.9085 -1179.0008 2.509 493.99 0.48 

M keto OH5  

        Vacío -1179.0119 -1178.9019 2.9923 414.35 0.2644 -1028.5117 -1028.5888 1.983 625.26 0.067 
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MP2 6-31G** HF 6-31G** B3LYP 6-311+G** PBEPBE 6-311+G** 

L0000A -1026.0650888 -1023.0623681 -1029.26637080 -1028.1057522 

L0000S -1026.0647038 -1023.0620730 -1029.26597075 -1028.1053520 

L0001A -1026.0580584 -1023.0549311 -1029.25953723 -1028.0993840 

L0010S -1026.0577710 -1023.0547610 -1029.25923972 -1028.0990754 

L0011A -1026.0643166 -1023.0616200 -1029.26555989 -1028.1048337 

L0011S -1026.0643398 -1023.0617116 -1029.26556978 -1028.1048300 

L0101A -1026.0571460 -1023.0538068 -1029.25843313 -1028.0982422 
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L0110S -1026.0569807 -1023.0537487 -1029.25829248 -1028.0981019 

L0111A -1026.0637304 -1023.0608912 -1029.26484109 -1028.1040648 

L0111S -1026.0635028 -1023.0606549 -1029.26458129 -1028.1038178 

L1000A -1026.0640621 -1023.0611043 -1029.26514696 -1028.1045002 

L1000S -1026.0640114 -1023.0611758 -1029.26512623 -1028.1044808 
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MP2 6-31G** HF 6-31G** B3LYP 6-311+G** PBEPBE 6-311+G** 

DHQ00000A -1099.07540451 -1099.08789469 -1105.71373523 -1104.47026222 

DHQ00001A -1099.06800833 -1099.08065971 -1105.70712997 -1104.46411529 

DHQ00011A -1099.07519826 -1099.08768579 -1105.71369106 -1104.47015730 

DHQ00100A -1099.07479119 -1099.08728772 -1105.71331116 -1104.46984659 

DHQ00101A -1099.06749266 -1099.08014686 -1105.70676082 -1104.46374824 

DHQ00111A -1099.07490461 -1099.08740281 -1105.71347679 -1104.46993194 

DHQ00000S -1099.07562266 -1099.08807233 -1105.71373448 -1104.47019901 

DHQ00010S -1099.06813154 -1099.08072700 -1105.70694325 -1104.46387388 

DHQ00011S -1099.07495751 -1099.08744183 -1105.71327148 -1104.46974412 

DHQ00100S -1099.07520820 -1099.08767877 -1105.71344933 -1104.46387388 

DHQ00101S -1099.06762581 -1099.08023906 -1105.70658596 -1104.46352323 

DHQ00111S -1099.07446143 -1099.08694717 -1105.71292584 -1104.46940887 
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α ω

 
α ω

  Kaempferol  
Sitio Afinidad en (kcal/mol) 

α -8.6 

ω -8.6 

 

α ω

α



90 

ω

 
α ω

 

α ω

  Kaempferol  

Sitio Afinidad en (kcal/mol) 

α -8.2 

ω -8 

 



91 

α

ω

 

 
α ω

 

α ω

  Kaempferol  

Sitio Afinidad en (kcal/mol) 

α -7.1 

ω -5.7 

 

α

ω



92 

 

α ω

 

 
α ω

α ω

 

 

 

 

 

  Luteolina  
Sitio Afinidad en (kcal/mol) 
α -8.9 

ω -8.3 



93 

α

ω

 

 
α ω



94 

α ω

  Luteolina  

Sitio Afinidad en (kcal/mol) 

α -7.8 

ω -8.2 

 

α

ω

α

 
α ω

α ω

  Luteolina  

Sitio Afinidad en (kcal/mol) 

α -7.1 

ω -5.7 



95 

 

α

ω

 

 

α ω

 
α ω

α ω

  Quercetina  

Sitio 
Afinidad en 
(Kcal/mol) 

α -9.1 

ω -8.5 



96 

α

ω



97 

 
α ω

α ω

  Quercetina  

Sitio Afinidad en (Kcal/mol) 

α -8.5 

ω -8.3 

α

ω



98 

 
α ω

α ω

  Quercetina  

Sitio Afinidad en (Kcal/mol) 

α -6.4 

ω -7.5 

 

α

ω

 

 



99 

 

α ω

 

 
α ω

α ω

 

 

 

 

 

 

 

α

  Miricetina  

Sitio 
Afinidad en 
(kcal/mol) 

α -9.5 

ω -8.7 



100 

ω

 

 



101 

 
α ω

α ω

  Miricetina  

Sitio Afinidad en (kcal/mol) 

α -8.7 

ω -8.5 

 

α

ω

 

 



102 

 
 

α ω

 

α ω

  Miricetina  

Sitio Afinidad en (kcal/mol) 

α -7.2 

ω -7 

 

α

ω
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α ω

 

 
α ω

 

α ω

 

 

 

 

 

 

α

 Dihidroquercetina 

Sitio 

Afinidad en 

(kcal/mol) 

α -9.1 

ω -8.4 



104 

ω

  



105 

 

 

 
α ω

α ω

  Dihidroquercetina 

Sitio Afinidad en (kcal/mol) 

α -7.9 

ω -8.2 

 

α

ω
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α ω

α ω

  Dihidroquercetina 

Sitio Afinidad en (kcal/mol) 

α -7.7 

ω -7.8 

 

α

ω
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α ω

α ω

α ω

α ω

α ω
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111 
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