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 𝑟 𝑞

𝐸𝑇 = 𝐸𝑏 + 𝐸𝑎 + 𝐸𝑡 + 𝐸𝑎𝑎

𝐸𝑏

𝐸𝑎

𝐸𝑡



Marco Teórico  

 

14 
 

 

𝐸𝑃𝑎𝑖𝑟 = ∑ 𝐾𝑟(𝑟 − 𝑟𝑒𝑞)
2

𝑒𝑛𝑙𝑎𝑐𝑒𝑠

+ ∑ 𝐾𝜃(𝜃 − 𝜃𝑒𝑞)
2

á𝑛𝑔𝑢𝑙𝑜𝑠

+ ∑
𝑉𝑛
2
[1 + cos(𝑛𝜙 − 𝛾)]

𝑑𝑖ℎ𝑒𝑑𝑟𝑜𝑠

+∑[
𝐴𝑖𝑗

𝑅𝑖𝑗
12 −

𝐵𝑖𝑗

𝑅𝑖𝑗
6 +

𝑞𝑖𝑞𝑗

𝜀𝑅𝑖𝑗
]

𝑖<𝑗

𝑟𝑒𝑞 𝜃𝑒𝑞 𝐾𝑟 , 𝐾𝜃 𝑉𝑛

𝑛 𝛾
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{−
ℎ2

8𝜋𝑚
∇2 + 𝑉}Ψ(𝑟, 𝑡) =

𝑖ℎ

2𝜋

𝜕Ψ(𝑟, 𝑡)

𝜕𝑡

|Ψ|2 = ΨΨ∗

𝑟 ⃗⃗⃗

𝑉

Ψ(𝑟, 𝑡) = 𝜓(𝑟) ⋅ 𝜓(𝑡)

𝐻̂𝜓(𝑟) = 𝐸𝜓(𝑟)
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𝐸 𝐻̂

 

 1𝑠 =
1

𝜋
1
2⁄
(
𝑍

𝑎
)

3

2
𝑒−

𝑍𝑟

𝑎

 2𝑠 =
1

4(2𝜋)
1
2⁄
(
𝑍

𝑎
)

3

2
(2 −

𝑍𝑟

𝑎
) 𝑒−

𝑍𝑟

2𝑎

 2𝑝𝑧 =
1

4(2𝜋)
1
2⁄
(
𝑍

𝑎
)

5

2
𝑒−

𝑍𝑟

2𝑎 cos 𝜃

 2𝑝𝑥 =
1

4(2𝜋)
1
2⁄
(
𝑍

𝑎
)

5

2
𝑒−

𝑍𝑟

2𝑎 sin 𝜃 cos𝜙

 2𝑝𝑥 =
1

4(2𝜋)
1
2⁄
(
𝑍

𝑎
)

5

2
𝑒−

𝑍𝑟

2𝑎 sin 𝜃 sin𝜙

 3𝑠 =
1

81(3𝜋)
1
2

(
𝑍

𝑎
)

3

2
(27 − 18

𝑍𝑟

𝑎
+ 2

𝑍2𝑟2

𝑎2
) 𝑒−

𝑍𝑟

2𝑎 sin 𝜃 sin𝜙

 3𝑝𝑥
2
1
2

81(3𝜋)
1
2

(
𝑍

𝑎
)

5

2
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𝐻 = −∑
1

2
∇𝑖
2

𝑁

𝑖=1

−∑
1

2𝑀𝐴

𝑀

𝐴=1

∇𝐴
2 −∑∑

𝑍𝐴
𝑟𝑖𝐴

𝑀

𝐴=1

𝑁

𝑖=1

+∑∑
1

𝑟𝑖𝑗

𝑁

𝑗>1 

𝑁

𝑖=1

+∑∑
𝑍𝐴𝑍𝐵
𝑅𝐴𝐵

𝑀

𝐵>𝐴

𝑀

𝐴=1

𝑖

𝑀𝐴
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Ψ𝑡𝑜𝑡𝑎𝑙(𝑟, 𝑅) = Ψ𝑒𝑙(𝑟, 𝑅)χ𝑛𝑢𝑐(𝑅)

(𝑟, 𝑅)

𝐻𝑒𝑙Ψ𝑒𝑙(𝑟, 𝑅0) = 𝐸𝑒𝑙(𝑅0)Ψ𝑒𝑙(𝑅0)

𝑅0 𝐸𝑒𝑙(𝑅0)
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𝐻 = −∑
1

2
∇𝑖
2

𝑁

𝑖=1

−∑
1

2𝑀𝐴

𝑀

𝐴=1

∇𝐴
2

⏟      
0

−∑∑
𝑍𝐴
𝑟𝑖𝐴

𝑀

𝐴=1

𝑁

𝑖=1

+∑∑
1

𝑟𝑖𝑗

𝑁

𝑗>1 

𝑁

𝑖=1

+∑∑
𝑍𝐴𝑍𝐵
𝑅𝐴𝐵

𝑀

𝐵>𝐴

𝑀

𝐴=1⏟        
𝑐𝑡𝑒.

𝑁

∫|𝑁Ψ𝑒𝑙𝑒𝑐(𝑟, 𝑅0)|
2𝑑𝑟 = 1

𝛹 = (𝑁!)
1
2⁄ |

𝜒1(𝑥1) 𝜒2(𝑥1)… 𝜒𝑁(𝑥1)

𝜒1(𝑥2) 𝜒2(𝑥2)… 𝜒𝑁(𝑥2)

𝜒1(𝑥𝑁) 𝜒2(𝑥𝑁)… 𝜒𝑁(𝑥𝑁)
|

(𝑁!)
1
2⁄

𝑁

𝑁



Marco Teórico  

 

21 
 

|𝛹0⟩ = |𝜒𝑖𝜒𝑗 …𝜒𝑘⟩

𝐸𝑡𝑜𝑡𝑎𝑙 = 𝐸𝑒𝑙𝑒𝑐 + 𝑐𝑡𝑒.

𝐸𝑡𝑜𝑡𝑎𝑙 = 𝐸𝑒𝑙𝑒𝑐 +∑∑
𝑍𝐴𝑍𝐵
𝑅𝐴𝐵

𝑀

𝐵>𝐴

𝑀

𝐴=1

𝐸𝑡𝑜𝑡𝑎𝑙 = 𝐸𝑡𝑜𝑡𝑎𝑙(𝑅𝐴)
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𝐹̂(1) = 𝐻̂𝑐𝑜𝑟𝑒(1) +∑[2𝐽𝑗(1) − 𝑘̂𝑗(1)]

𝑛
2

𝑗=1

𝐹(1)

𝐻 =∑ℎ(𝑖)

𝑁

𝑖=1

𝑁 ℎ(𝑖)

𝑖

ℎ(𝑖)

{𝜒𝑖}

ℎ(𝑖)𝜒𝑗(𝑥𝑖) = 𝑖𝜒𝑗(𝑥𝑖)

𝑥𝑖

𝑖

𝛹𝐻𝐹 = 𝜒1(𝑥1)𝜒2(𝑥2)…𝜒𝑁(𝑥𝑁)
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𝐸0 = ⟨𝛹0|𝐻|𝛹0⟩

𝐸0 =∑[𝑖|ℎ|𝑖]

𝑁

𝑖=1

+
1

2
∑∑[𝑖𝑖|𝑗𝑗] − [𝑖𝑗|𝑗𝑖]

𝑁

𝑗=1

𝑁

𝑖=1

ℎ(𝑖)

ℎ(𝑖) = −
1

2
𝛻1
2 −∑

𝑍𝐴
𝑟𝑖𝐴

𝑀

𝐴=1



Marco Teórico  

 

25 
 

[𝑖|ℎ|𝑖] = ∫𝜒𝑖
∗(𝑥1)ℎ(𝑟1)𝜒𝑖 (𝑥1)𝑑𝑥1

[𝑖𝑖|𝑗𝑗] = ∫𝜒𝑖
∗(𝑥1)𝜒𝑖(𝑥1)𝑟12

−1𝜒𝑗
∗(𝑥2)𝜒𝑗(𝑥2)𝑑𝑥1𝑑𝑥2

[𝑖𝑗|𝑗𝑖] = ∫𝜒𝑖
∗(𝑥1)𝜒𝑖(𝑥1)𝑟12

−1𝜒𝑗
∗(𝑥2)𝜒𝑗(𝑥2)𝑑𝑥1𝑑𝑥2

𝐸0

∫𝜒𝑖
∗(𝑥1)𝜒𝑖(𝑥1)𝑑𝑟1 = [𝑖|𝑗] = 𝛿𝑖𝑗

𝛿𝑖𝑗 = {
1 𝑠𝑖 𝑖 = 𝑗
0 𝑠𝑖 𝑖 ≠ 𝑗
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[𝑖|𝑗] − 𝛿𝑖𝑗 = 0

𝜒𝑖 → 𝜒𝑖 + 𝛿𝜒𝑖

ℒ[{𝜒𝑖}] = 𝐸𝐻𝐹[{𝜒𝑖}] −∑𝜖𝑖𝑗(⟨𝑖|𝑗⟩ − 𝛿𝑖𝑗)

𝑖𝑗

𝜖𝑖𝑗 ⟨𝑖|𝑗⟩

𝑖 𝑗

⟨𝑖|𝑗⟩ = ∫𝜒𝑖
∗(𝑥)𝜒𝑗(𝑥)𝑑𝑥

𝛿ℒ = 0

ℎ(𝑥1)𝜒𝑖(𝑥1) +∑[∫𝑑𝑥2 |𝜒𝑗(𝑥2)|
2
𝑟12
−1]𝜒𝑖(𝑥1) 

𝑗≠𝑖

+∑[∫𝑑𝑥2 𝜒𝑗
∗(𝑥2)𝜒𝑖(𝑥2)𝑟12

−1] 𝜒𝑗(𝑥1) 

𝑗≠𝑖

= 𝜖𝑖𝜒𝑖(𝑥1)

𝜖𝑖 𝜒𝑖
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𝜒𝑖

𝒥𝑗(𝑥𝑖) = ∫𝑑𝑥2|𝜒𝑗(𝑥2)|
2
𝑟12
−1

𝜒𝑗

𝑥1

𝜒𝑖 𝜒𝑗

∑[∫𝑑𝑥2 𝜒𝑗
∗(𝑥2)𝜒𝑖(𝑥2)𝑟12

−1] 𝜒𝑗(𝑥1) 

𝑗≠𝑖

𝜒𝑖

𝒦𝑗(𝑥1)𝜒𝑖(𝑥1) = [∫ 𝑑𝑥2 𝜒𝑗
∗(𝑥2)𝑟12

−1𝜒
𝑖
(𝑥2)]𝜒𝑗(𝑥1)

[ℎ(𝑥1) +∑𝒥𝑗(𝑥1)

𝑗≠𝑖

−∑𝒦

𝑗≠𝑖 

(𝑥1)] 𝜒𝑖(𝑥1) = 𝜖𝑖𝜒𝑖(𝑥𝑖)
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ℎ(𝑥1)𝜒𝑖(𝑥1) +∑[∫𝑑𝑥2 |𝜒𝑗(𝑥2)|
2
𝑟12
−1] 𝜒𝑖(𝑥1) 

𝑗≠𝑖

+∑[∫𝑑𝑥2 𝜒𝑗
∗(𝑥2)𝜒𝑖(𝑥2)𝑟12

−1] 𝜒𝑗(𝑥1) 

𝑗≠𝑖

= 𝜖𝑖𝜒𝑖(𝑥1)

[𝒥𝑖(𝑥1) − 𝒦𝑖(𝑥𝑖)]𝜒𝑖(𝑥1) =  0

𝑗 ≠ 𝑖 

𝑓(𝑥1) = ℎ(𝑥1) +∑𝒥𝑗(𝑥1) − 𝒦𝑗(𝑥1)

𝑗

𝑓(𝑥1)𝜒𝑖(𝑥1) = 𝜖𝑖𝜒𝑖(𝑥1)
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 𝜙1𝑠
𝑆𝑙𝑎𝑡𝑒𝑟 = (

𝜍1
3

𝜋
)
1
2⁄

𝑒−𝜍1𝑟

 𝜙2𝑠
𝑆𝑙𝑎𝑡𝑒𝑟 = (

𝜍1
3

96𝜋
)
1
2⁄

𝑟𝑒−𝜍2𝑟 2⁄

 𝜙2𝑝𝑥
𝑆𝑙𝑎𝑡𝑒𝑟 = (

𝜍2
5

32𝜋
)
1
2⁄

𝑟𝑒−𝜍2𝑟 2⁄

𝑠 𝑝

𝑑
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 𝜙𝑠
𝐺𝑎𝑢𝑠𝑠 = (

2𝛼

𝜋
)

3

4
𝑒−𝛼𝑟

2

 𝜙𝑥
𝐺𝑎𝑢𝑠𝑠 = (

128𝛼5

𝜋3
)

1

4
𝑥𝑒−𝛼𝑟

2

 𝜙𝑦
𝐺𝑎𝑢𝑠𝑠 = (

128𝛼5

𝜋3
)

1

4
𝑦𝑒−𝛼𝑟

2

 𝜙𝑧
𝐺𝑎𝑢𝑠𝑠 = (

128𝛼5

𝜋3
)

1

4
𝑧𝑒−𝛼𝑟

2

 𝜙𝑥𝑥
𝐺𝑎𝑢𝑠𝑠 = (

2048𝛼7

9𝜋3
)

1

4
𝑥2𝑒−𝛼𝑟

2

 𝜙𝑦𝑦
𝐺𝑎𝑢𝑠𝑠 = (

2048𝛼7

9𝜋3
)

1

4
𝑦2𝑒−𝛼𝑟

2

 𝜙𝑧𝑧
𝐺𝑎𝑢𝑠𝑠 = (

2048𝛼7

9𝜋3
)

1

4
𝑧2𝑒−𝛼𝑟

2

 𝜙𝑥𝑧
𝐺𝑎𝑢𝑠𝑠 = (

2048𝛼7

9𝜋3
)

1

4
𝑥𝑦2𝑒−𝛼𝑟

2

 𝜙𝑥𝑧
𝐺𝑎𝑢𝑠𝑠 = (

2048𝛼7

9𝜋3
)

1

4
𝑥𝑧2𝑒−𝛼𝑟

2

 𝜙𝑦𝑧
𝐺𝑎𝑢𝑠𝑠 = (

2048𝛼7

9𝜋3
)

1

4
𝑦𝑧2𝑒−𝛼𝑟

2
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 

 

 

 

 

 

 

 

 

 

 

 

 
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 

 
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Los graficos de la componenete del angulo diedro son casi idénticas para las dos moléculas 

y presentan apoximadamente 20 Kcal/mol en su máximo. La preferencia por las 

configuración syn para la Quercetina se debe al término asimétrico 1-4 EEL (línea roja Figura 

4.9). 
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