
 

Página 1 de 23 

 



 

Página 2 de 23 

 

Δ Δ Δ

R∙T

n∙F

Δ
qrev

T

Δ
V2

𝑉1

h∙c

λ

I0

I
𝜀

[A] =  [A]O − K ∙ t

ln[A] = ln[A]0 −  K ∙ t

1

[A]
=  

1

[A]0 
+  K ∙ t

𝑒−𝐸𝑎 𝑅∙𝑇⁄

ln (
𝐾2

𝐾1
)  =  

∆𝐻0

𝑅
∙ (

1

𝑇1
−

1

𝑇2
)

𝑉1

𝑉2
= √

𝑀2

𝑀1

 



 

Página 3 de 23 

 

 

 

 

 

 

𝑚𝑜𝑙𝑒𝑠 𝑁𝐻3 = 1,00 𝐿 ∙
14,8 𝑚𝑜𝑙

1 𝐿
= 14,8 𝑚𝑜𝑙 𝑑𝑒 𝑁𝐻3

𝑚𝑎𝑠𝑎 𝑑𝑒 𝑙𝑎 𝑑𝑖𝑠𝑜𝑙𝑢𝑐𝑖ó𝑛 = 1000,0 𝑚𝐿 𝑑𝑖𝑠𝑜𝑙𝑢𝑐𝑖ó𝑛 ∙
0,8980 𝑔

1,0 𝑚𝐿
= 898,0 𝑔 𝑑𝑒 𝑑𝑖𝑠𝑜𝑙𝑢𝑐𝑖ó𝑛

𝑚𝑎𝑠𝑎 𝑁𝐻3 = 14,8 𝑚𝑜𝑙 𝑑𝑒 𝑁𝐻3 ∙
17,03 𝑔

1 𝑚𝑜𝑙
= 252 𝑔 𝑑𝑒 𝑁𝐻3

𝑚𝑎𝑠𝑎 𝐻2𝑂 = 898,0 𝑔 𝑑𝑒 𝑑𝑖𝑠𝑜𝑙𝑢𝑐𝑖ó𝑛 − 252 𝑔 𝑑𝑒 𝑁𝐻3 = 646 𝑔 𝑑𝑒 𝐻2𝑂

𝑚𝑜𝑙𝑒𝑠 𝑑𝑒 𝐻2𝑂 = 646 𝑔 𝑑𝑒 𝐻2𝑂 ∙
1 𝑚𝑜𝑙

18,02 𝑔
= 35,8 𝑚𝑜𝑙 𝑑𝑒 𝐻2𝑂

𝑋𝑁𝐻3
=

14,8 𝑚𝑜𝑙𝑒𝑠 𝑑𝑒 𝑁𝐻3

14,8 𝑚𝑜𝑙𝑒𝑠 𝑑𝑒 𝑁𝐻3 + 35,8 𝑚𝑜𝑙 𝑑𝑒 𝐻2𝑂
= 0,292
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𝐾𝑐 = ([𝐵]2·
[𝐶]) 

0,001
= 0,0274 

 

  =   =

𝐸𝑜
(𝑁𝑖 2+/𝑁𝑖) = −0,25𝑉 𝐸𝑜

(𝑃𝑏 2+/𝑃𝑏) = −0,13𝑉
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→
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𝐸𝑜 = 𝐸𝑜
(𝑃𝑏 2+/𝑃𝑏) −  𝐸𝑜

(
𝑁𝑖 2+

𝑁𝑖
)

= −0,13 − (−0,25𝑉) = 0,12 𝑉

𝐸 = 𝐸𝑜 −
𝑅𝑇

𝑛𝐹
ln

[𝑁𝑖2+]

[𝑃𝑏2+]
= 0,12 −

8,3145
𝐽

𝐾𝑚𝑜𝑙
∙ 298𝐾

2 ∙ 9,64853399 × 104 𝐶
𝑚𝑜𝑙

 𝑙𝑛
0,1 𝑀

10−9𝑀
= −0,1165𝑉

𝐸 = 𝐸𝑜 −
𝑅𝑇

𝑛𝐹
ln

[𝑃𝑏2+]

[𝑁𝑖2+]
= −0,12 −

8,3145
𝐽

𝐾𝑚𝑜𝑙
∙ 298𝐾

2 ∙ 9,64853399 × 104 𝐶
𝑚𝑜𝑙

 𝑙𝑛
10−9 𝑀

0,1 𝑀
= 0,1165𝑉
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𝑒−𝐸𝑎 𝑅∙𝑇⁄
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𝑝𝐻 = 𝑝𝐾𝑎1 + log
[𝐴 𝑛𝑒𝑢𝑡𝑟𝑎]

[𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1]

𝐴 𝑛𝑒𝑢𝑡𝑟𝑎 + 𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1 = 100.000

𝐴 𝑛𝑒𝑢𝑡𝑟𝑎 = 100.000 − 𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1

𝑝𝐻 = 𝑝𝐾𝑎1 + log
100.000 − 𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1

𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1

10𝑝𝐻−𝑝𝐾𝑎 =
100.000 − 𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1

𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1

1 
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107−3,5 =
100.000 − 𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1

𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1

3,162 × 103 =
100.000 − 𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1

𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1
;  

3,162 × 103 ∙ 𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1 = 100.000 − 𝐴 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1 

𝐴𝑑𝑒𝑛𝑖𝑛𝑎 𝑝𝑟𝑜𝑡𝑜𝑛𝑎𝑑𝑎 𝑒𝑛 1 = 31.6 ≈ 32
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8 ·
1

8
= 1

6 ·
1
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me = 9,109 ∙ 10−31 kg ;   ve = 0,5 ∙ c = 0,5 ∙ 3,00 ∙ 108
m

s
;   h = 6,626 ∙ 10−34 J ∙ s
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λ =
h

me ∙ ve
=

6,626 ∙ 10−34 J ∙ s

9,109 ∙ 10−31 kg ∙ 0,5 ∙ 3,00 ∙ 108 m
s

= 4,85 ∙ 10−12m = 4,85 pm

 

 →

 

   
2

v k A B=      
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𝐾𝑠𝑝 = [𝐶𝑟3+][𝑂𝐻−]3 = 1,6 · 10−30

𝑝𝐻 + 𝑝𝑂𝐻 = 14 = 𝑝𝐾𝑤

𝑝𝑂𝐻 = 14 − 𝑝𝐻 = 14,00 − 6,00 = 8,00

[𝑂𝐻−] = 10−8,00 𝑀

[𝐶𝑟3+] =
𝐾𝑠𝑝

[𝑂𝐻−]3
=

1,6 · 10−30

[10−8,00]3
= 1,6 · 10−6 𝑚𝑜𝑙 𝐿−1

 

 

 

 

 



 

Página 12 de 23 

 

 
O

O

I.- II.- OH

O

III.- IV.-

O

O

O

O

O

 

 

 

 

 

 

 

 

 

∆𝑛 = 3 − 2 = 1 
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𝐾𝑝 = 𝐾𝑐 ∙ (𝑅𝑇)∆𝑛

𝐾𝑐

𝐾𝑝
= (𝑅𝑇)−∆𝑛 = (0,082 𝑎𝑡𝑚 · 𝐿 · 𝑚𝑜𝑙−1 ∙ 𝐾−1 ∙ 1098 𝐾)−1

𝐾𝑐

𝐾𝑝
= 0,011

 

 N y C1314

 C y C1413

 O y F1815

 O y S3216

N14

C13

C14

O 15

O 16

F18

S32

 

 𝑁2(𝑔) + 𝑂2(𝑔) ⇌ 2 𝑁𝑂 (𝑔)
 𝑇𝑖 (𝑠) + 2 𝐶𝑙2(𝑔) ⇌ 𝑇𝑖𝐶𝑙4 (𝑔)
 2𝐶2𝐻4(𝑔) + 2 𝐻2𝑂(𝑔) ⇌ 2 𝐶2𝐻6(𝑔)
 4 𝐻𝐶𝑙 (𝑔) + 𝑂2(𝑔) ⇌ 2 𝐻2𝑂 (𝑙) + 2 𝐶𝑙2 (𝑔)
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5 𝑚3 ·
1000 𝐿

1 𝑚3
·

0,25 𝑚𝑜𝑙

1 𝐿
·

132 𝑔

1 𝑚𝑜𝑙
·

100%

63%
= 261,9 𝑘𝑔
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𝑚𝑜𝑙 𝐸𝐷𝑇𝐴 =  𝑚𝑜𝑙 𝐶𝑎2+ + 𝑚𝑜𝑙 𝑀𝑔2+

𝐷𝑢𝑟𝑒𝑧𝑎 𝑡𝑜𝑡𝑎𝑙 (
𝑔

𝐿
) =   

𝑚𝑜𝑙 𝐸𝐷𝑇𝐴 (𝑚𝑜𝑙) · 𝑀𝑀 𝐶𝑎𝐶𝑂3 (
𝑔

𝑚𝑜𝑙
)

𝑉𝑜𝑙𝑢𝑚𝑒𝑛 𝑎𝑔𝑢𝑎 (𝐿)

𝐷𝑢𝑟𝑒𝑧𝑎 𝑡𝑜𝑡𝑎𝑙 (
𝑔

𝐿
) =

[𝐸𝐷𝑇𝐴](𝑀) · 𝑉𝐸𝐷𝑇𝐴 (𝐿) · 𝑀𝑀 𝐶𝑎𝐶𝑂3 (
𝑔

𝑚𝑜𝑙
)

𝑉𝑜𝑙𝑢𝑚𝑒𝑛 𝑎𝑔𝑢𝑎 (𝐿)

𝐷𝑢𝑟𝑒𝑧𝑎 𝑡𝑜𝑡𝑎𝑙 (
𝑔

𝐿
) =

0,099 (𝑀) · 6,6 · 10−3 (𝐿) · 100 (
𝑔

𝑚𝑜𝑙
)

10 · 10−3 (𝐿)
= 6,53 𝑔/𝐿

𝐷𝑢𝑟𝑒𝑧𝑎 𝑡𝑜𝑡𝑎𝑙 (
𝑚𝑔

100 𝐿
) =

6,54 𝑔

1 𝐿
· 100 = 654,0

𝑔

100
𝐿 = 653 400 𝑚𝑔/100𝐿

 

 

 

 

 



 

Página 16 de 23 

 

 

 

 

 

 



 

 

 

 

 

 

𝚫𝒇𝑯° (𝑵𝑯𝟑) =  −𝟒𝟔, 𝟏 𝒌𝑱/𝒎𝒐𝒍

 49 𝑘𝐽

 98 𝑘𝐽

 196 𝑘𝐽

 392 𝑘𝐽

1

2
𝑁2 +

3

2
𝐻2 → 𝑁𝐻3     Δ𝑓𝐻° =  −46,1 𝑘𝐽/𝑚𝑜𝑙
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𝑄 = 𝑛𝑁𝐻3
· Δ𝑓𝐻°

𝑄 =
2 𝑚𝑜𝑙 𝑁𝐻3

1 𝑚𝑜𝑙 𝑁2
· 𝑛𝑁2

· 𝜂 ·  Δ𝑓𝐻° =
2 𝑚𝑜𝑙 𝑁𝐻3

1 𝑚𝑜𝑙 𝑁2
· 5 𝑚𝑜𝑙 𝑁2 · 0,85 ·  −46,1

𝑘𝐽

𝑚𝑜𝑙
=  −392 𝑘𝐽

 

 

 

 

 

 

 

 

 

 

₂

₂

₂ ₃ ₂
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2 𝑁𝑎𝑂𝐻 + 𝐶𝑂2 → 𝑁𝑎2𝐶𝑂3 + 𝐻2𝑂

10 · 103 𝑔 𝑁𝑎𝑂𝐻 ·
1 𝑚𝑜𝑙 𝑁𝑎𝑂𝐻

40 𝑔 𝑁𝑎𝑂𝐻
·

1 𝑚𝑜𝑙 𝐶𝑂2

2 𝑚𝑜𝑙 𝑁𝑎𝑂𝐻
·

22,4 𝐿 𝑒𝑛 𝐶𝑁

1 𝑚𝑜𝑙 𝐶𝑂2
= 2800 𝐿 𝐶𝑂2

 

   

 

 

 

 

  

  

    

 

 

 

 

𝑅𝑢(𝑁𝑂3)𝑛 (𝑎𝑐)  +  𝑛 𝑒− → 𝑅𝑢(𝑠) +  𝑛 𝑁𝑂3
− (𝑎𝑐)

𝑅𝑢𝑛+ (𝑎𝑐)  +  𝑛 𝑒− → 𝑅𝑢(𝑠)
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0,345 𝑔 𝑅𝑢(𝑠) ·
1 𝑚𝑜𝑙 𝑅𝑢(𝑠)

101,1 𝑔 𝑅𝑢(𝑠)
·

𝑛 𝑚𝑜𝑙 𝑒−

1 𝑚𝑜𝑙 𝑟𝑢
·

96485 𝐶

1 𝑚𝑜𝑙 𝑒−
·

1 𝑠

0,44 𝐶
·

1 𝑚𝑖𝑛

60 𝑠
= 25,0 𝑚𝑖𝑛

12,5𝑛 = 25

𝑛 = +2

 𝒗 =

𝒌[𝑨]𝜶

𝑨

𝒌

 𝑘

 ln(𝑘).

 𝑘

 ln(𝑘).

ln(𝑣) = ln(𝑘[𝐴]𝛼)

ln(𝑣) = ln(𝑘) + 𝛼 ln[𝐴]

𝑦 = 𝑛 + 𝑚 · 𝑥

𝑛 𝐥𝐧(𝒌)

 𝜟𝑮𝒐 = 𝟎 𝒚 𝜟𝑯𝒐 = 𝟎

 

 

 

 

𝛥𝐺 = 𝛥𝐺𝑜 + 𝑅𝑇 × 𝑙𝑛
[𝐵][𝐶]

[𝐴]
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𝛥𝐺𝑜

ln (
𝑘2

𝑘1
) =

𝛥𝐻𝑜

𝑅
(

1

𝑇1
−

1

𝑇2
) 𝛥𝐻𝑜 = 0

𝛥𝐺 = 𝛥𝐺𝑜 + 𝑅𝑇 × 𝑙𝑛
[𝐵][𝐶]

[𝐴]
= 0 + 8,3145

𝐽

𝐾𝑚𝑜𝑙
∗ 310𝐾 × 𝑙𝑛

10−3 ∙ 10−3

10−3

= −17804,70
𝐽

𝑚𝑜𝑙

 

 

 

 

 

  

  

  

  

  

  

Δ𝑇 = 𝐾𝑏 · 𝑚

𝑚 =
𝑚𝑜𝑙 𝑠𝑜𝑙𝑢𝑡𝑜, 𝑚𝑜𝑙

𝑚𝑎𝑠𝑎 𝑑𝑖𝑠𝑜𝑙𝑣𝑒𝑛𝑡𝑒, 𝑘𝑔
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OH

N

O

CH3
CH2

CH

C

C

CH2

CH3

CH2

CH3
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𝐴𝑔2𝐶𝑟𝑂4(s) ⇌ 2𝐴𝑔+(𝑎𝑞) + 𝐶𝑟𝑂4
2−(𝑎𝑞)

𝐾𝑝𝑠 = [𝐴𝑔+]2 · [𝐶𝑟𝑂4
2−] = (2𝑠)2 · 𝑠 = 4𝑠3

𝑠 =
4,35 · 10−3 𝑔

0,100 𝑚𝐿
·

1 𝑚𝑜𝑙

331,73 𝑔
= 1,31 · 10−4 𝑀

𝐾𝑝𝑠 = 4 · (1,31 · 10−4)3 = 8,99 · 10−12 ~ 9 · 10−12
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