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pH = −log[𝐻3𝑂+][𝐻3𝑂+] = 10−𝑝𝐻

 [𝐻3𝑂+] = 10−2 𝑚𝑜𝑙 𝐿⁄

[𝐻3𝑂+] = 3.98×10−3 𝑚𝑜𝑙 𝐿⁄

 

 25℃pH = 7pH < 7pH > 7

 𝐾𝑒 = [𝐻3𝑂+]×[𝑂𝐻−] = 10−14

 

 

 

 

10%

 

 

 𝐶1 = 10−2 𝑚𝑜𝑙 𝐿⁄pH = 2

𝐻𝐶𝑙(𝑔) + 𝐻2𝑂(𝑙) → 𝐻3𝑂+
(𝑎𝑞) + 𝐶𝑙−

(𝑎𝑞) 

[𝐻3𝑂+]1 = 10−𝑝𝐻 = 10−2 𝑚𝑜𝑙 𝐿⁄ = 𝐶1

 𝐶2 = 10−2 𝑚𝑜𝑙 𝐿⁄pH = 3.4

𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞) + 𝐻2𝑂(𝑙) = 𝐻3𝑂+
(𝑎𝑞) + 𝐶𝐻3𝐶𝑂𝑂−

(𝑎𝑞) 

[𝐻3𝑂+]2 = 10−3.4 = 3.98×10−4 𝑚𝑜𝑙 𝐿⁄ < 𝐶2
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(𝑁𝑎+ + 𝑂𝐻−)𝐶𝐻3𝑁𝐻2𝐶 = 10−2 𝑚𝑜𝑙 𝐿⁄

pH1 = 12pH2 = 10.8

 

𝑁𝑎𝑂𝐻(𝑠) → 𝑁𝑎+
(𝑎𝑞) + 𝑂𝐻−

(𝑎𝑞)

[𝑂𝐻−]

𝐾𝑒 = [𝐻3𝑂+]×[𝑂𝐻−] ⇒ [𝑂𝐻−] =
𝐾𝑒

[𝐻3𝑂+]
=

𝐾𝑒

10−𝑝𝐻
=

10−14

10−12
= 10−2 𝑚𝑜𝑙 𝐿⁄

 

 

𝐶𝐻3𝑁𝐻2(𝒂𝒒) + 𝐻2𝑂(𝑙) = 𝐶𝐻3𝑁𝐻3
+

(𝑎𝑞) + 𝑂𝐻−
(𝑎𝑞)

[𝑂𝐻−]

𝐾𝑒 = [𝐻3𝑂+]×[𝑂𝐻−] ⇒ [𝑂𝐻−] =
𝐾𝑒

[𝐻3𝑂+]
=

𝐾𝑒

10−𝑝𝐻
=

10−14

10−10.8
= 6.33×10−4 𝑚𝑜𝑙 𝐿⁄

 

 

 

 

𝑉𝑔 = 250𝑚𝐿 𝐻𝐶𝑙1𝐿𝑝𝐻

𝑉𝑀 = 24 𝐿 𝑚𝑜𝑙⁄

 

 

 

 
𝑥𝑓

𝑥𝑚𝑎𝑥

 𝐻𝐶𝑙( ) + 𝐻2𝑂(𝑙) → 𝐻3𝑂+
(𝑎𝑞) + 𝐶𝑙−

(𝑎𝑞)

 

𝑛0 =
𝑉𝑔

𝑉𝑀
=

0.25

24
= 0.01𝑚𝑜𝑙
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 𝑛0 − 𝑥𝑚𝑎𝑥 = 0 ⇒ 𝑥𝑚𝑎𝑥 = 𝑛0 = 0.01𝑚𝑜𝑙 

 

𝑥𝑓 = [𝐻3𝑂+]×𝑉 = 10−2×1 = 0.02𝑚𝑜𝑙

 𝜏𝑓 =
𝑥𝑓

𝑥𝑚𝑎𝑥
=

0.02

0.02
= 1𝜏𝑓 = 100%

 

500𝑚𝐿𝑉 = 2.86𝑚𝐿𝐶𝐻3𝐶𝑂𝑂𝐻𝑑 = 1.05

𝑝𝐻

1- 

2- 

3- 𝜏𝑓

𝜌0 = 1 𝑔 𝑚𝐿⁄𝑀(𝐶𝐻3𝐶𝑂𝑂𝐻) = 60 𝑔 𝑚𝑜𝑙⁄

 

𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞) + 𝐻2𝑂(𝑙) = 𝐻3𝑂+
(𝑎𝑞) + 𝐶𝐻3𝐶𝑂𝑂−

(𝑎𝑞)

 𝑛0 =
𝑚

𝑀
=

𝜌𝑉

𝑀
=

𝑑𝜌0𝑉

𝑀
=

1.05×1×2.86

60
= 0.05𝑚𝑜𝑙

  

𝑛0 − 𝑥𝑚𝑎𝑥 = 0 ⇒ 𝑥𝑚𝑎𝑥 = 𝑛0 = 0.05𝑚𝑜𝑙

 

𝑥𝑓 = [𝐻3𝑂+]×V = 𝑉×10−𝑝𝐻 = 0.5×10−2.9 = 6.3×10−4𝑚𝑜𝑙

𝜏𝑓 =
𝑥𝑓

𝑥𝑚𝑎𝑥
=

6.3×10−4

0.05
= 0.0126 = 1.26%

𝐻𝐶𝑙(𝑔)       + 𝐻2𝑂(𝑙)   →        𝐻3𝑂+
(𝑎𝑞) + 𝐶𝑙−

(𝑎𝑞)

00𝑛0

𝑥𝑥𝑛0 − 𝑥

𝑥𝑚𝑎𝑥𝑥𝑚𝑎𝑥𝑛0 − 𝑥𝑚𝑎𝑥

𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞) + 𝐻2𝑂(𝑙) = 𝐻3𝑂+
(𝑎𝑞) + 𝐶𝐻3𝐶𝑂𝑂−

(𝑎𝑞)

00𝑛0

𝑥𝑥𝑛0 − 𝑥

𝑥𝑚𝑎𝑥𝑥𝑚𝑎𝑥𝑛0 − 𝑥𝑚𝑎𝑥
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 𝜏 =
𝑥

𝑥𝑚𝑎𝑥

𝜏𝑓 =
𝑥𝑓

𝑥𝑚𝑎𝑥

 𝜏𝑓 = 1𝜏𝑓 = 100%

 𝜏𝑓 < 1𝜏𝑓 < 100%

 

 

=

 

 𝑸𝒓

𝑎𝐴 + 𝑏𝐵 = 𝑐𝐶 + 𝑑𝐷

𝑄𝑟 =
[𝐶]𝑐×[𝐷]𝑑

[𝐴]𝑎×[𝐵]𝑏

 [𝐻2𝑂] = 1

 

𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞) + 𝐻2𝑂(𝑙) = 𝐻3𝑂+
(𝑎𝑞) + 𝐶𝐻3𝐶𝑂𝑂−

(𝑎𝑞)

𝑄𝑟 =
[𝐻3𝑂+]×[𝐶𝐻3𝐶𝑂𝑂−]

[𝐶𝐻3𝐶𝑂𝑂𝐻]
=

𝑥
𝑉 ×

𝑥
𝑉

𝑛0 − 𝑥
𝑉

=
𝑥2

𝑉(𝑛0 − 𝑥)

𝑥𝜏𝑓𝑄𝑟𝑄𝑟𝑖𝑄𝑟𝑓

𝑲

 

(𝑆1)𝑐1 = 0.01 𝑚𝑜𝑙 𝐿⁄pH1 = 3.4

(𝑆2)𝑐2 = 0.005 𝑚𝑜𝑙 𝐿⁄pH2 = 3.56

𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞) + 𝐻2𝑂(𝑙) = 𝐻3𝑂+
(𝑎𝑞) + 𝐶𝐻3𝐶𝑂𝑂−

(𝑎𝑞)
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(𝑆1) 

[𝐶𝐻3𝐶𝑂𝑂−]𝑓 = [𝐻3𝑂+]𝑓 = 10−𝑝𝐻 = 10−3.4 = 3.98×10−4 𝑚𝑜𝑙 𝐿⁄

[𝐶𝐻3𝐶𝑂𝑂𝐻]𝑓 = 𝐶1 − [𝐻3𝑂+]𝑓 = 0.01 − 3.98×10−4 = 9.6×10−3 𝑚𝑜𝑙 𝐿⁄

𝑄𝑟 =
[𝐶𝐻3𝐶𝑂𝑂−]𝑓×[𝐻3𝑂+]𝑓

[𝐶𝐻3𝐶𝑂𝑂𝐻]𝑓
=

3.98×10−4×3.98×10−4

9.6×10−3
= 1.65×10−5

(𝑆2)

[𝐶𝐻3𝐶𝑂𝑂−]𝑓 = [𝐻3𝑂+]𝑓 = 10−𝑝𝐻 = 10−3.56 = 2.75×10−4 𝑚𝑜𝑙 𝐿⁄

[𝐶𝐻3𝐶𝑂𝑂𝐻]𝑓 = 𝐶1 − [𝐻3𝑂+]𝑓 = 0.005 − 2.75×10−4 = 4.72×10−3 𝑚𝑜𝑙 𝐿⁄

𝑄𝑟𝑓 =
[𝐶𝐻3𝐶𝑂𝑂−]𝑓×[𝐻3𝑂+]𝑓

[𝐶𝐻3𝐶𝑂𝑂𝐻]𝑓
=

2.75×10−4×2.75×10−4

4.72×10−3
= 1.65×10−5

 𝑄𝑟𝑓

 𝐾𝑄𝑟𝑓

 𝑲

𝐾 = 𝑄𝑟𝑓 =
[𝐶]𝑐

𝑓×[𝐷]𝑑
𝑓

[𝐴]𝑎
𝑓×[𝐵]𝑏

𝑓

 

(𝑆1)(𝑆2)𝐶1 = 10−2 𝑚𝑜𝑙 𝐿⁄𝐶2 = 10−3 𝑚𝑜𝑙 𝐿⁄

𝜎1 = 14.3𝑚𝑆/𝑚𝜎2 = 4.3𝑚𝑆/𝑚

 

𝐶2𝐻5𝐶𝑂𝑂𝐻(𝑎𝑞) + 𝐻2𝑂(𝑙) = 𝐻3𝑂+
(𝑎𝑞) + 𝐶2𝐻5𝐶𝑂𝑂−

(𝑎𝑞)

σ = 𝜆𝐶2𝐻5𝐶𝑂𝑂−[𝐶2𝐻5𝐶𝑂𝑂−] + 𝜆𝐻3𝑂+[𝐻3𝑂+] = [𝐻3𝑂+]×(𝜆𝐶2𝐻5𝐶𝑂𝑂− + 𝜆𝐻3𝑂+)

⟹ [𝐻3𝑂+] =
σ

𝜆𝐶2𝐻5𝐶𝑂𝑂− + 𝜆𝐻3𝑂+

(𝑺𝟏)

[𝐻3𝑂+] =
𝜎1

𝜆𝐶2𝐻5𝐶𝑂𝑂− + 𝜆𝐻3𝑂+
=

14.3

3.58 + 35
= 0.371 𝑚𝑜𝑙 𝑚3⁄ = 3.71×10−4 𝑚𝑜𝑙 𝐿⁄

[𝐻3𝑂+] = [𝐶2𝐻5𝐶𝑂𝑂−] = 3.71×10−4 𝑚𝑜𝑙 𝐿⁄

[𝐶2𝐻5𝐶𝑂𝑂𝐻] = 𝐶1 − [𝐶2𝐻5𝐶𝑂𝑂−] = 0.01 − 3.71×10−4 𝑚𝑜𝑙 𝐿⁄ = 9.63×10−3 𝑚𝑜𝑙 𝐿⁄

𝜏𝑓 =
𝑥𝑓

𝑥𝑚𝑎𝑥
=

[𝐻3𝑂+]×𝑉

𝐶1𝑉
=

[𝐻3𝑂+]

𝐶1
=

3.71×10−4

0.01
= 0.037 = 3.7%
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(𝑺𝟐)

[𝐻3𝑂+] =
𝜎2

𝜆𝐶2𝐻5𝐶𝑂𝑂− + 𝜆𝐻3𝑂+
=

4.3

3.58 + 35
= 0.111 𝑚𝑜𝑙 𝑚3⁄ = 1.11×10−4 𝑚𝑜𝑙 𝐿⁄

[𝐻3𝑂+] = [𝐶2𝐻5𝐶𝑂𝑂−] = 1.11×10−4 𝑚𝑜𝑙 𝐿⁄

[𝐶2𝐻5𝐶𝑂𝑂𝐻] = 𝐶2 − [𝐶2𝐻5𝐶𝑂𝑂−] = 0.001 − 3.71×10−4 𝑚𝑜𝑙 𝐿⁄ = 8.89×10−4 𝑚𝑜𝑙 𝐿⁄

𝜏𝑓 =
𝑥𝑓

𝑥𝑚𝑎𝑥
=

[𝐻3𝑂+]×𝑉

𝐶2𝑉
=

[𝐻3𝑂+]

𝐶2
=

1.11×10−4

0.001
= 0.11 = 11%

 

 𝑄𝑟𝑓 =
[𝐶2𝐻5𝐶𝑂𝑂−]𝑓×[𝐻3𝑂+]𝑓

[𝐶2𝐻5𝐶𝑂𝑂𝐻]𝑓

𝜏𝑓 =
𝑥𝑓

𝑥𝑚𝑎𝑥
=

𝑥𝑓

𝐶𝑉
⟹ 𝑥𝑓 = 𝜏𝑓 𝐶𝑉

[𝐶𝐻3𝐶𝑂𝑂−]𝑓 = [𝐻3𝑂+]𝑓 =
𝑥𝑓

𝑉
=

𝜏𝑓 𝐶𝑉

𝑉
= 𝜏𝑓 𝐶

[𝐶2𝐻5𝐶𝑂𝑂𝐻]𝑓 = 𝐶 − [𝐶2𝐻5𝐶𝑂𝑂−]𝑓 = 𝐶 − 𝜏𝑓  𝐶

𝑄𝑟𝑓 =
𝜏𝑓 𝐶×𝜏𝑓 𝐶

𝐶(1 − 𝜏𝑓) 
=

𝜏𝑓
2𝐶

1 − 𝜏𝑓

𝐾 = 𝑄𝑟𝑓 =
𝜏𝑓

2𝐶

1 − 𝜏𝑓

𝐾 > 104𝜏𝑓 > 99%

 

2𝐻2𝑂(𝑙) = 𝐻3𝑂+
(𝑎𝑞) + 𝐻𝑂−

(𝑎𝑞)

σ = 5.5μ𝑆/𝑚25℃

𝐶2𝐻5𝐶𝑂𝑂𝐻(𝑎𝑞) + 𝐻2𝑂(𝑙) = 𝐻3𝑂+
(𝑎𝑞) + 𝐶2𝐻5𝐶𝑂𝑂−

(𝑎𝑞)

00𝐶𝑉

𝑥𝑥𝐶𝑉 − 𝑥

𝑥𝑓𝑥𝑓𝐶𝑉 − 𝑥𝑓
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𝛔 = 𝜆𝐻3𝑂+[𝐻3𝑂+] + 𝜆𝐻𝑂−[𝐻𝑂−] = [𝐻3𝑂+]×(𝜆𝐻3𝑂+ + 𝜆𝐻𝑂−)

⟹ [𝐻3𝑂+] =
σ

𝜆𝐻3𝑂+ + 𝜆𝐻𝑂−
=

5.5×10−3

35 + 20
= 10−4𝑚𝑜𝑙/𝑚3 = 10−7𝑚𝑜𝑙/𝑙

pH = 7

 

25℃𝐾𝑒 = [𝐻3𝑂+]×[𝐻𝑂−] = 10−14𝑚𝑜𝑙/𝑙  

𝑝𝐾𝑒𝑝𝐾𝑒 = − log 𝐾𝑒 = 14

pH

pH

 

[𝐻𝑂−] = [𝐻3𝑂+]

𝑝𝐾𝑒 = − log 𝐾𝑒 = − log[𝐻3𝑂+]×[𝐻𝑂−] = − log[𝐻3𝑂+]2 = −2 log[𝐻3𝑂+]   

𝑝𝐾𝑒 = −2 log[𝐻3𝑂+]  = 2𝑝𝐻 ⟹ pH =
1

2
𝑝𝐾𝑒 = 7

 

[𝐻𝑂−] < [𝐻3𝑂+] ⟹ [𝐻𝑂−]×[𝐻3𝑂+] < [𝐻3𝑂+]×[𝐻3𝑂+]

⟹ 𝐾𝑒 < [𝐻3𝑂+]2 ⟹ −log 𝐾𝑒  > − log[𝐻3𝑂+]2 

⟹ 𝑝𝐾𝑒 > −2 log[𝐻3𝑂+] ⟹ 𝑝𝐾𝑒 > 2pH

pH <
1

2
𝑝𝐾𝑒 ⟹ pH < 7

 

[𝐻𝑂−] > [𝐻3𝑂+] ⟹ pH > 7

𝑲𝒂𝒑𝑲𝒂

𝐻𝐴

𝐻𝐴(𝑎𝑞) + 𝐻2𝑂(𝑙) = 𝐻3𝑂+
(𝑎𝑞) + 𝐴−

(𝑎𝑞)

𝐾𝑎 =
[𝐴−]𝑓×[𝐻3𝑂+]𝑓

[𝐻𝐴]𝑓

𝑝𝐾𝑎

𝑝𝐾𝑎 = − log 𝐾𝑎 ⟹ 𝐾𝑎 = 10−𝑝𝐾𝑎
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[𝑯𝑨] [𝑨−]

 𝐾𝑎𝑝𝐾𝑎

 𝐾𝑎𝑝𝐾𝑎

 pH𝒑𝑲𝒂

𝑝𝐾𝑎 = − log 𝐾𝑎  = −log (
[𝐴−]𝑓×[𝐻3𝑂+]𝑓

[𝐻𝐴]𝑓
) = − log[𝐻3𝑂+]𝑓 − log

[𝐴−]𝑓

[𝐻𝐴]𝑓
 

𝑝𝐾𝑎 = pH − log
[𝐴−]𝑓

[𝐻𝐴]𝑓
 ⟹ pH = 𝑝𝐾𝑎 + log

[𝐴−]𝑓

[𝐻𝐴]𝑓
 

 pH = 𝑝𝐾𝑎log
[𝐴−]𝑓

[𝐻𝐴]𝑓
 = 0

[𝐴−]𝑓

[𝐻𝐴]𝑓
= 1[𝐴−]𝑓 = [𝐻𝐴]𝑓

 pH < 𝑝𝐾𝑎log
[𝐴−]𝑓

[𝐻𝐴]𝑓
 < 0

[𝐴−]𝑓

[𝐻𝐴]𝑓
< 1[𝐴−]𝑓 < [𝐻𝐴]𝑓

 pH > 𝑝𝐾𝑎log
[𝐴−]𝑓

[𝐻𝐴]𝑓
 > 0

[𝐴−]𝑓

[𝐻𝐴]𝑓
> 1[𝐴−]𝑓 > [𝐻𝐴]𝑓

 

pH

 pH = 𝑝𝐾𝑎

 

[𝐻𝐴]𝑓 =
[𝐻𝐴]𝑓

[𝐻𝐴]𝑓 + [𝐴−]𝑓
×100

[𝐴−]𝑓 =
[𝐴−]𝑓

[𝐻𝐴]𝑓 + [𝐴−]𝑓
×100

(𝐻𝐼𝑛 𝐼𝑛−⁄ )

 

𝐻𝐼𝑛(𝑎) + 𝐻2𝑂(𝑙) = 𝐻3𝑂+
(𝑎𝑞) + 𝐼𝑛−

(𝑎𝑞)

 

𝐾𝑖 =
[𝐼𝑛−]𝑓×[𝐻3𝑂+]𝑓

[𝐻𝐼𝑛]𝑓

pH = 𝑝𝐾𝑖 + log
[𝐼𝑛−]𝑓

[𝐻𝐼𝑛]𝑓
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 𝑅 =
[𝐼𝑛−]𝑓

[𝐻𝐼𝑛]𝑓
pH

 

 𝑅 ≥ 10pH ≥ 𝑝𝐾𝑖 + 1𝐼𝑛−

 𝑅 ≤ 10pH ≤ 𝑝𝐾𝑖 − 1𝐻𝐼𝑛

 𝑝𝐾𝑖 − 1 ≤ pH ≤ 𝑝𝐾𝑖 + 1
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 pH

25℃

𝑆500𝑚𝑙𝐶6𝐻5𝐶𝑂𝑂𝐻

 

 

 𝑉𝑎 = 20𝑚𝑙(𝑁𝑎+
𝑎𝑞 + 𝑂𝐻−

𝑎𝑞)

𝐶𝑏 = 0.2 𝑚𝑜𝑙 𝑙⁄𝑝𝐻𝑉𝑏

 -أ

 -ب

′𝐸𝐸 -ج

 -د

𝐶𝑎𝑚𝑆 -ه

𝑝𝐾𝑎𝐾𝑎𝐶6𝐻5𝐶𝑂𝑂𝐻 -و 𝐶6𝐻5𝐶𝑂𝑂−⁄

𝑝𝐻 -ز = 6𝑝𝐻 = 3𝑝𝐻 = 4.3

𝑀(𝐶) = 12 𝑔 𝑚𝑜𝑙⁄        ,   𝑀(𝐻) = 1 𝑔 𝑚𝑜𝑙⁄    ,     𝑀(𝑂) = 16 𝑔 𝑚𝑜𝑙⁄
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𝐶𝐻3𝑁𝐻2(𝑎𝑞)𝐶𝐻3𝑁𝐻3
+

(𝑎𝑞)

𝐶𝐻3𝑁𝐻2(𝑎𝑞) + 𝐻2𝑂(𝑙)
= 𝐻𝑂−

(𝑎𝑞) + 𝐶𝐻3𝑁𝐻3
+

(𝑎𝑞)

𝐶𝑏(𝐻3𝑂+
(𝑎𝑞) +  𝐶𝑙−

(𝑎𝑞))

𝑉𝑏 = 20 𝑚𝑙

𝐶𝑎 = 0.02 𝑚𝑜𝑙/𝑙𝑃𝐻𝑃𝐻 

 

 

 𝑃𝐻

 𝐶𝑏

 

 -أ

𝑓𝐶𝑏𝐾𝑒𝑃𝐻 -ب

 𝜏𝑓

 𝐾

 𝐾𝑎𝐾𝑎 =
𝐾𝑒(1−𝜏𝑓)

𝐶𝑏.𝜏𝑓
2

 𝑃𝐾𝑎𝐶𝐻3𝑁𝐻3
+ 𝐶𝐻3𝑁𝐻2⁄


