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𝒏 𝒎𝒐𝒍
𝑛 = 𝑁𝑁𝐴 AN𝑁𝐴 = 6,023. 1023 

 𝑁
𝑛 = 𝑚𝑀 M 𝑔/𝑚𝑜𝑙

 𝑚 g 𝑛 = 𝑉𝑔𝑉𝑀 𝑉𝑔
 𝑉𝑀𝐿/ 𝒄𝒎𝒐𝒍/𝑳 𝑐 = 𝑛𝑉 𝑛𝑚𝑜𝑙 

 𝑉𝐿 𝒄𝒎𝒕𝒈/𝑳𝑐𝑚 = 𝑚𝑉 𝑚 g 

 𝑉𝐿  𝝆 𝒈/𝒎𝑳𝜌 = 𝑚𝑉 𝑚 g 

 𝑉 𝑚𝐿
𝒅 𝑑 = 𝜌𝜌𝑒

 𝜌𝑒𝜌𝑒 = 1 𝑔 𝑚𝑙⁄ = 1𝑘𝑔/𝑙 

 𝜌
 

 𝑐1𝑉1 = 𝑐2𝑉2
   𝑐1
 𝑐2
  𝑉1
 𝑉2 

   𝑉𝑒 = 𝑉2 −  𝑉1
𝑭 𝐹 = 𝑐1𝑐2 = 𝑉2𝑉1

   𝑐1
 𝑐2
  𝑉1
 𝑉2

 

 𝐶 = 10 . 𝑃. 𝑑𝑀 𝑃
 𝑑
 𝑀

𝑃 = 𝑚𝑚′ ×100  𝑚 

 𝑚′ 

𝑮𝑺 𝐺 = 𝐼𝑈 = 𝐾𝜎 

 𝐾 = 𝑆𝐿 

 𝐼𝐴 

 𝑈𝑉 

 𝜎  𝝈𝑺 𝒎⁄𝜎 = 𝜆1[𝑋1] + 𝜆2[𝑋2]+..  𝜆1
 [𝑋]𝑚𝑜𝑙/𝑚3
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𝐻𝐴(𝑎𝑞) + 𝐻2𝑂(𝑙) = 𝐻3𝑂+(𝑎𝑞) + 𝐴−(𝑎𝑞)
 [𝐻3𝑂+] < 𝐶  𝜏𝑓 < 1  𝐾 < 104   

 [𝐻3𝑂+] = 𝐶  𝜏𝑓 = 1  𝐾 > 104  
 𝐵(𝒂𝒒) + 𝐻2𝑂(𝑙) = 𝐵𝐻+(𝑎𝑞) + 𝑂𝐻−(𝑎𝑞)

 [𝑂𝐻−] < 𝐶  𝜏𝑓 < 1  𝐾 < 104   

 [𝑂𝐻−] = 𝐶  𝜏𝑓 = 1  𝐾 > 104  pH = −log[𝐻3𝑂+] ⟹ [𝐻3𝑂+] = 10−𝑝𝐻[𝐻𝑂−] = 10−14[𝐻3𝑂+] ⟹ [𝐻𝑂−] = 10𝑝𝐻−14
 𝜏𝑓 = 𝑥𝑓𝑥𝑚𝑎𝑥 = [𝐻3𝑂+]𝐶 = 10−𝑝𝐻𝐶 

 

 

 𝜏𝑓 = 𝑥𝑓𝑥𝑚𝑎𝑥 = [𝐻𝑂−]𝐶 = 10𝑝𝐻−14𝐶
 𝐾𝑒 = [𝐻3𝑂+]×[𝐻𝑂−] = 10−14
 𝑄𝑟 𝐾𝑎𝐴 + 𝑏𝐵 = 𝑐𝐶 + 𝑑𝐷                   𝑄𝑟 = [𝐶]𝑐×[𝐷]𝑑[𝐴]𝑎×[𝐵]𝑏       ,        𝐾 = 𝑄𝑟𝑓 = [𝐶]𝑐𝑓×[𝐷]𝑑𝑓[𝐴]𝑎𝑓×[𝐵]𝑏𝑓
 [𝐻2𝑂] = 1
 

   𝐾𝑎 = [𝐴−]𝑓×[𝐻3𝑂+]𝑓[𝐻𝐴]𝑓𝑝𝐾𝑎 = − log 𝐾𝑎 ⟹ 𝐾𝑎 = 10−𝑝𝐾𝑎pH = 𝑝𝐾𝑎 + log [𝐴−]𝑓[𝐻𝐴]𝑓 
 𝐾 = [𝐵𝐻+]𝑓×[𝑂𝐻−]𝑓[𝐵]𝑓 = [𝐵𝐻+]𝑓×[𝑂𝐻−]𝑓 ×[𝐻3𝑂+][𝐵]𝑓×[𝐻3𝑂+]𝐾 = 𝐾𝑒 𝐾𝑎

 pH = 𝑝𝐾𝑎[𝐴−]𝑓 = [𝐻𝐴]𝑓
 pH < 𝑝𝐾𝑎[𝐴−]𝑓 < [𝐻𝐴]𝑓 pH > 𝑝𝐾𝑎[𝐴−]𝑓 > [𝐻𝐴]𝑓

 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]𝑓pH
 

 𝑅 ≥ 10pH ≥ 𝑝𝐾𝑖 + 1𝐼𝑛−
 𝑅 ≤ 10pH ≤ 𝑝𝐾𝑖 − 1𝐻𝐼𝑛
 𝑝𝐾𝑖 − 1 ≤ pH ≤ 𝑝𝐾𝑖 + 1

 

  

 𝑉
 

 

 

 

 𝐶𝑎𝑉𝑎 = 𝐶𝑏𝑉𝐸
 [𝐴−] = [𝐻𝐴] ⟹ 𝑉𝑏 = 𝑉𝐸2 ⟹ 𝑝𝐻 = 𝑝𝐾𝑎

     𝐻3𝑂+𝑎𝑞 + 𝑂𝐻−𝑎𝑞 = 2𝐻2𝑂   𝐾 = 1[𝑂𝐻−] ×[𝐻3𝑂+] = 1𝐾𝑒𝑉𝑏 < 𝑉𝐸𝜏𝑓 = 𝑥𝑓𝑥𝑚𝑎𝑥 = 𝐶𝑎𝑉𝑎−[𝐻3𝑂+]𝑉𝑇  𝐶𝑏𝑉𝑏 = 𝐶𝑎𝑉𝑎−10−𝑝𝐻𝑉𝑇𝐶𝑏𝑉𝑏
   𝐻𝐴(𝑎𝑞) + 𝐻𝑂− = 𝐴−(𝑎𝑞) + 𝐻2𝑂(𝑙)   
  

 

 

 

 

 𝑉𝑏 < 𝑉𝐸𝜏𝑓 = 𝑥𝑓𝑥𝑚𝑎𝑥 𝐻𝑂− 𝐶𝑏𝑉𝑏 − 𝑥𝑚𝑎𝑥 = 0 ⟹ 𝑥𝑚𝑎𝑥 = 𝐶𝑏𝑉𝑏 

[𝐻𝑂−] = 𝐶𝑏𝑉𝑏−𝑥𝑓𝑉𝑇 ⟹ 𝑥𝑓 = 𝐶𝑏𝑉𝑏 − [𝐻𝑂−]𝑉𝑇 = 𝐶𝑏𝑉𝑏 − 10𝑝𝐻−14𝑉𝑇

𝐻𝐴(𝑎𝑞)     +  𝐻𝑂−     =        𝐴−(𝑎𝑞) + 𝐻2𝑂(𝑙)   
0𝐶𝑏𝑉𝑏𝐶𝑎𝑉𝑎 𝑥𝑓𝐶𝑏𝑉𝑏 − 𝑥𝑓𝐶𝑎𝑉𝑎 − 𝑥𝑓
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𝜏𝑓 = 𝑥𝑓𝑥𝑚𝑎𝑥 = 𝐶𝑏𝑉𝑏 − 10𝑝𝐻−14𝑉𝑇𝐶𝑏𝑉𝑏
  𝐾 = [𝐴−] [𝐻𝐴]×[𝑂𝐻−] = [𝐴−] ×[𝐻3𝑂+][𝐻𝐴] ×[𝑂𝐻−] ×[𝐻3𝑂+] = 𝐾𝑎𝐾𝑒
   𝐵(𝑎𝑞) + 𝐻3𝑂+ = 𝐵𝐻+(𝑎𝑞) + 𝐻2𝑂(𝑙)   
  

 𝑉𝑏 < 𝑉𝐸𝜏𝑓 = 𝑥𝑓𝑥𝑚𝑎𝑥 𝐻3𝑂+ 𝐶𝑎𝑉𝑎 − 𝑥𝑚𝑎𝑥 = 0 ⟹ 𝑥𝑚𝑎𝑥 = 𝐶𝑎𝑉𝑎 [𝐻3𝑂+] = 𝐶𝑎𝑉𝑎−𝑥𝑓𝑉𝑇 ⟹ 𝑥𝑓 = 𝐶𝑎𝑉𝑎 − [𝐻3𝑂+]𝑉𝑇 = 𝐶𝑎𝑉𝑎 − 10−𝑝𝐻𝑉𝑇𝜏𝑓 = 𝑥𝑓𝑥𝑚𝑎𝑥 = 𝐶𝑎𝑉𝑎 − 10−𝑝𝐻𝑉𝑇𝐶𝑎𝑉𝑎
  𝐾 = [𝐵𝐻+] [𝐻]×[[𝐻3𝑂+]] = 1𝐾𝑎
  

 

 -أ
 𝑉0
 

𝒄𝑽 -ب
 𝑚 = 𝑐 𝑉𝑀
 

 𝑉
𝒄𝑽𝑷 -ج

 

 𝑉
𝒄𝑽 -د

 𝑉0
 

 𝑉
 𝑉0 

 𝐶 = 10 .𝑃.𝑑𝑀

  𝐵(𝑎𝑞)    +      𝐻3𝑂+ =     𝐵𝐻+(𝑎𝑞) +    𝐻2𝑂(𝑙)   
0𝐶𝑎𝑉𝑎𝐶𝑏𝑉𝑏 𝑥𝑓𝐶𝑎𝑉𝑎 − 𝑥𝑓𝐶𝑏𝑉𝑏 − 𝑥𝑓
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12008 İ 𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞) + 𝐻2𝑂(ℓ) =  𝐶𝐻3𝐶𝑂𝑂   (𝑎𝑞)− + 𝐻3𝑂+
1  

2 (𝑎𝑐𝑖𝑑𝑒/𝑏𝑎𝑠𝑒) 

3 𝐾 İ İ 𝑉 = 100𝑚𝐿 𝐶 = 2.7×10−3 𝑚𝑜𝑙 𝐿⁄𝑝𝐻 25°C3,7
1  

2 𝑥𝑓𝑥𝑚𝑎𝑥 

3 𝜏𝑓 

4 [𝐶𝐻3𝐶𝑂𝑂−]𝑓[𝐶𝐻3𝐶𝑂𝑂𝐻]𝑓 𝑝𝐾𝑎(𝐶𝐻3𝐶𝑂𝑂𝐻/𝐶𝐻3𝐶𝑂𝑂−)
22011

0S𝐶𝐻3𝐶𝑂𝑂𝐻𝑉0𝐶0  = 0.01𝑚𝑜𝑙/𝑙
1
2𝑥é𝑞
3𝜏𝑓𝐶0[𝐻3𝑂+]𝑓𝑄𝑟.é𝑞 = [𝐻3𝑂+]é𝑞2𝐶0−[𝐻3𝑂+]é𝑞 𝜎é𝑞𝜆𝐻3𝑂+𝜆𝐶𝐻3𝐶𝑂𝑂−[𝐻3𝑂+]é𝑞[𝐻𝑂−]é𝑞
4𝜆𝐻3𝑂+ = 35.9 𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1 𝜆𝐶𝐻3𝐶𝑂𝑂− = 3.6𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1

- 𝜏𝑓𝑄𝑟.é𝑞 

:3 İ (S1)𝐶6𝐻5 − 𝐶𝑂𝑂𝐻𝐶1 = 10−2 𝑚𝑜𝑙 𝐿⁄ 25°Cσ = 0,86×10−2S/m
1
2
3(S1) 𝜆𝐻3𝑂+ = 35.0 𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1   𝜆𝐶6𝐻5−𝐶𝑂𝑂− = 4 𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1  
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4𝜏1𝑓
5𝑘1 İ İ (S2)𝐻𝐴𝐶2 = 𝐶1𝑝𝐻 = 3,2 25°𝐶
1𝜏2𝑓
2𝜏1𝑓𝜏2𝑓

42011 𝐶𝐻3𝐶𝑂𝑂𝐻𝐶𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞) +  𝐻2𝑂(ℓ) =  𝐶𝐻3𝐶𝑂𝑂−(𝑎𝑞) +  𝐻3𝑂+(𝑎𝑞)25°C𝐶0 = 0.01𝑚𝑜𝑙/𝑙𝜎 = 1,6×10−2𝑆/𝑚
1(𝑎𝑐𝑖𝑑𝑒/𝑏𝑎𝑠𝑒 )
2𝐾𝐶0[𝐻3𝑂+]é𝑞
3𝜎(𝑡) = ∑ 𝜆𝑖[𝑋𝑖]𝑖=𝑛𝑖=1 𝜎(𝑡)
4
5K 𝜏𝑓𝜆𝐻3𝑂+ = 35.9 𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1  𝜆𝐶𝐻3𝐶𝑂𝑂− = 4.1𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1

52008𝑉 = 100𝑚𝐿𝐶 = 10−2 𝑚𝑜𝑙 𝐿⁄G 25°𝐶𝑘 = 1,2×10−2𝑚𝐺 = 1.92×10−4𝑆
1𝑉
2
3𝑥𝑚𝑎𝑥𝐶 𝑉
4𝜎

- 𝐺𝑘 

- [𝐻3𝑂+]𝜆𝐻3𝑂+ 𝜆𝐶𝐻3𝐶𝑂𝑂−[𝐻3𝑂+]𝑓𝐺𝑘𝜆𝐻3𝑂+𝜆𝐶𝐻3𝐶𝑂𝑂− 𝑝𝐻
5𝑄𝑟𝑓[𝐻3𝑂+]𝑓𝐶𝑄𝑟𝑓
6𝑝𝐾𝑎(𝐶𝐻3𝐶𝑂𝑂𝐻/𝐶𝐻3𝐶𝑂𝑂−)𝜆𝐻3𝑂+ = 35.0 𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1 𝜆𝐶𝐻3𝐶𝑂𝑂− = 4 𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1𝑀(𝐻)  = 1𝑔/𝑚𝑜𝑙                    𝑀(𝐶) =  12 𝑔/𝑚𝑜𝑙              𝑀(𝑂) =  16 𝑔/𝑚𝑜𝑙
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62012 S1V = 200mlC6H5COOHC1 = 10−2 mol l⁄ pHpH1 = 3.1 

1  

2  

3 𝜏1𝑓 

4 𝐾𝑎1𝐶6𝐻5𝐶𝑂𝑂𝐻 𝐶6𝐻5𝑂𝑂−⁄ 

5 𝐾𝑎1𝐾𝑎1 = 𝐶1 𝜏1𝑓21−𝜏1𝑓 

6 20𝑚𝑙𝑆1𝑆1′𝐶′1 𝑝𝐻𝑝𝐻′1 = 3.6 

  𝐶′1 = 1×10−3 𝑚𝑜𝑙 𝑙⁄ 

 𝜏2𝑓 

 

72009𝐶𝐻3𝐶𝑂𝑂𝐻𝐶(𝑚𝑜𝑙/𝑙)
1
2
3[𝐻3𝑂+]C𝜏𝑓
4 (𝐶𝐻3𝐶𝑂𝑂𝐻/𝐶𝐻3𝐶𝑂𝑂−)𝐾𝑎 = 𝜏𝑓2.𝐶1−𝜏𝑓
5𝜏(𝐶)

𝐴 = 𝑓(𝐵) 𝑘𝑎(𝐶𝐻3𝐶𝑂𝑂𝐻/𝐶𝐻3𝐶𝑂𝑂−)
82012 25℃

i 𝑆1𝐶𝐻3 − 𝐶𝑂𝑂𝐻𝐶1 = 10−2 𝑚𝑜𝑙 𝑙⁄𝑝𝐻 = 3.4 

1 

2  

3 𝐶𝐻3 − 𝐶𝑂𝑂𝐻 

4 𝐾1𝐾1 = 𝐶1 𝜏1𝑓21−𝜏1𝑓𝜏1𝑓 

5  

ii 𝑆2 𝐶2 = 10−1 𝑚𝑜𝑙 𝑙⁄ 𝜎 = 50𝑚𝑠. 𝑚−1 
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1  

2 𝜏2𝑓𝐾2 

3  

𝜆𝐻3𝑂+ = 35.0 𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1𝜆𝐶𝐻3𝐶𝑂𝑂− = 4.1 𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1
92016 25℃𝑀(𝐶6𝐻5𝐶𝑂𝑂𝐻) = 122𝑔/𝑚𝑜𝑙

1 𝐶6𝐻5𝐶𝑂𝑂𝐻 𝐶6𝐻5𝑂𝑂−(𝑆1)𝑉1 = 50𝑚𝐿𝐶1 = 0.01 𝑚𝑜𝑙 𝐿⁄ 𝐶0 = 0.025 𝑚𝑜𝑙 𝐿⁄
 𝑉0 

 (𝑆1) 

 (50𝑚𝐿  ,    100𝑚𝐿   ,   500𝑚𝐿) 

 (5𝑚𝐿  ,    10𝑚𝐿   ,   20𝑚𝐿) 

1
2 𝑝𝐻(𝑆1)3.12 

  

 𝑄𝑟𝑓 

3 10𝑚𝐿(𝑆1) 𝑝𝐻 

40100𝑉𝐻2𝑂(𝑚𝐿)𝐶(𝑚𝑜𝑙 𝐿⁄ )
3.493.283.12𝑝𝐻𝜏𝑓

  𝑐𝜏𝑓 

102014
             HA  pH    25℃ 

  :

1      

   𝐻𝐴 𝐶𝑉
2 𝐻𝐴   

   .
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3  .

4 pH   HA pKa(HA/A−)
5 𝑝𝐻 = 𝑓 (𝑙𝑜𝑔 [𝐴−]𝑒𝑞[𝐻𝐴]𝑒𝑞)  .

   pKa(HA/A−)   HA  

        .

112015
I HCOOHV𝐶 = 0.01 𝑚𝑜𝑙 𝑙⁄pH = 2.925℃

1 )( 

2  

3 𝜏𝑓 

4 𝑝𝐾𝑎(𝐻𝐶𝑂𝑂𝐻 𝐻𝐶𝑂𝑂−⁄ ) 

II 𝐶6𝐻5𝐶𝑂2𝐻𝐶[𝐶6𝐻5𝐶𝑂2−][𝐶6𝐻5𝐶𝑂2𝐻] pH = 𝑓 (𝑙𝑜𝑔 [𝐶6𝐻5𝐶𝑂2−][𝐶6𝐻5𝐶𝑂2𝐻])  

1 𝐾𝑎(𝐶6𝐻5𝐶𝑂2𝐻 𝐶6𝐻5𝐶𝑂2−⁄ ) 

2 pH𝑝𝐾𝑎(𝐶6𝐻5𝐶𝑂2𝐻 𝐶6𝐻5𝐶𝑂2−⁄ ) [𝐶6𝐻5𝐶𝑂2−][𝐶6𝐻5𝐶𝑂2𝐻] 

3 𝑝𝐾𝑎(𝐶6𝐻5𝐶𝑂2𝐻 𝐶6𝐻5𝐶𝑂2−⁄ ) 

4 𝐻𝐶𝑂𝑂𝐻𝐶6𝐻5𝐶𝑂2𝐻
 

122016𝑆0𝐻𝐴𝐶0
1 𝐻𝐴  

𝜏𝑓𝑝𝐻𝐶0 𝑝𝐻𝑆0𝑝𝐻 = 𝑝𝐾𝑎 + log ( 𝜏𝑓1−𝜏𝑓)
2 𝐶0𝑆0 𝑝𝐻𝑝𝐻 = 𝑓 (𝑙𝑜𝑔 ( 𝜏𝑓1−𝜏𝑓)) 

  

 𝐾𝑎(𝐻𝐴 𝐴−⁄ ) 
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 𝐻𝐴𝜏𝑓 = 0.4 

 160𝑝𝐻 = 4.2𝐶0 

 𝑝𝐾𝑎(𝐻𝐴 𝐴−⁄ )𝐻𝐴 

25°C𝐶6𝐻6𝐶𝑂𝑂𝐻 𝐶6𝐻5𝐶𝑂𝑂−⁄𝐻𝐶𝑂𝑂𝐻 𝐻𝐶𝑂𝑂−⁄𝐶𝐻3𝐶𝑂𝑂𝐻 𝐶𝐻3𝐶𝑂𝑂−⁄𝐻𝐴 𝐴−⁄ 4.2 3.8 4.8 𝑝𝐾𝑎 

132010 (𝑆1)𝑁𝐻31,2 𝐿500 𝑚𝑙
1𝐶1(𝑆1)𝑉𝑀 = 24 𝐿/𝑚𝑜𝑙
2𝑝𝐻 (𝑆1)25°C11,1

𝜏1𝑓
3(𝑆2)𝑉 = 50 𝑚𝑙 𝐶𝑏 = 2×10−2𝑚𝑜𝑙/𝑙(𝑆1)(𝑆2) 𝑝𝐻(𝑆2)10,8𝜏2𝑓
4𝑘𝑎(𝑁𝐻4+(𝑎𝑞)/𝑁𝐻3(𝑎𝑞))

14
 

 (𝑆1)𝑁𝐻3𝐶 = 0.02 𝑚𝑜𝑙 𝑙⁄𝑉 = 100𝑚𝑙 σ = 15.3𝑚𝑆. 𝑚−1
1  

2  

3  

4 𝜏𝑓 

5 𝑘𝑝𝑘𝑎(𝑁𝐻4+ 𝑁𝐻3⁄ ) 

 (𝑆2)𝑉2 = 200𝑚𝑙(𝑆1)20
1 𝐶2(𝑆2) 

2 𝜏2𝑓𝜏2𝑓 = 11+10𝑝𝐻−𝑝𝐾𝑎 𝑝𝐻 = 10.08 

3  𝜆𝑂𝐻− = 19.9 𝑚𝑆. 𝑚2/𝑚𝑜𝑙𝜆𝑁𝐻4+ = 7.34 𝑚𝑆. 𝑚2/𝑚𝑜𝑙𝐾𝑒 = 10−14
152013

1 𝑆1𝐶𝐻3𝐶𝑂𝑂𝐻𝑚 = 0.72𝑔 800𝑚𝑙25℃ 𝑝𝐻3.3
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 𝐶1𝑆1 -أ

  -ب

  -ج

 𝑥𝑒𝑞𝑝𝐻𝑉𝑉𝑆1 -د

𝑝𝐾𝑎C𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞)  -ه C𝐻3𝐶𝑂𝑂−(𝑎𝑞)⁄4.76 

2 𝑉1𝑆1𝑛0𝑉2𝑛0 

 𝐶𝐻3𝐶𝑂𝑂𝐻𝑁𝐻3 -أ

 𝐾 -ب

𝜏𝑒𝑞𝜏𝑒𝑞 -ج = √𝐾1+√𝐾 

𝜏𝑒𝑞 𝑀(𝐶) -د = 12 𝑔 𝑚𝑜𝑙⁄    ,   𝑀(𝐻) = 1 𝑔 𝑚𝑜𝑙⁄    ,     𝑀(𝑂) = 16 𝑔 𝑚𝑜𝑙⁄    ,     𝑝𝐾𝑎(𝑁𝐻4+ 𝑁𝐻3⁄ ) = 9.2
16𝐶𝐻3𝐶𝑂𝑂−𝐻𝐶𝑂𝑂𝐻 500𝑚𝑙0.1𝑚𝑜𝑙𝐶𝐻3𝐶𝑂𝑂𝑁𝑎  0.1𝑚𝑜𝑙

1  

2  

3 𝑄𝑟𝑖 

4 𝜏𝑓 

5 𝐾 = 13 

6 𝜏𝑓 

17(𝑆0)𝐶𝐻3𝑁𝐻2𝐶 = 0.01 𝑚𝑜𝑙/𝑙𝑉 = 100 𝑚𝑙𝑝𝐻11,3
1 )( 

2  

3 𝜏𝑓 

4 𝑝𝐾𝑎𝐶𝐻3𝑁𝐻3+ 𝐶𝐻3𝑁𝐻2⁄𝑝𝑘𝑎 = 10.6 

5 𝐶𝐻3𝑁𝐻2(𝑁𝑎+ + 𝐻𝐶𝑂3−) 𝑛 = 𝐶𝑉 𝐶𝐻3𝑁𝐻2(𝑎𝑞) + 𝐻𝐶𝑂3−(𝑎𝑞) = 𝐶𝐻3𝑁𝐻3+(𝑎𝑞) + 𝐶𝑂32−(𝑎𝑞)
  

  



4                                                               2017  

12 

 

𝑘𝑘 = (𝑥𝑓)2(𝐶𝑉−𝑥𝑓)2𝑥𝑓 𝜏 𝑓̀ 𝑝𝐻𝐾𝑒 = 10−14𝑝𝑘𝑎(𝐻𝐶𝑂3−/𝐶𝑂32−) = 10.3
182012 25℃𝑆500𝑚𝑙𝐶6𝐻5𝐶𝑂𝑂𝐻

1  

2 𝐾𝑎⁄ 

3 𝑉𝑎 = 20𝑚𝑙(𝑁𝑎+𝑎𝑞 + 𝑂𝐻−𝑎𝑞) 𝐶𝑏 = 0.2 𝑚𝑜𝑙 𝑙⁄𝑝𝐻𝑉𝑏 

  -أ

 ′𝐸𝐸 -ب

 𝐶𝑎 -ج

 𝑚𝑆 -د

𝐾𝑎𝐶6𝐻5𝐶𝑂𝑂𝐻 -ه 𝐶6𝐻5𝐶𝑂𝑂−⁄ 

𝑝𝐻 -و = 6 𝑀(𝐶) = 12 𝑔 𝑚𝑜𝑙⁄        ,   𝑀(𝐻) = 1 𝑔 𝑚𝑜𝑙⁄    ,     𝑀(𝑂) = 16 𝑔 𝑚𝑜𝑙⁄
192013 𝑉𝑎 = 20𝑚𝑙𝐶6𝐻5𝐶𝑂2𝐻𝐶𝑎 𝐶𝑏 = 10−1 𝑚𝑜𝑙 𝑙⁄𝑉𝑏 𝑝𝐻 = 𝑓(𝑉𝑏)

1  

2  𝑝𝐻 

3  

4  

 𝐸𝐶𝑎 -أ

𝑝𝐾𝑎𝐶6𝐻5𝐶𝑂𝑂𝐻 -ب 𝐶6𝐻5𝐶𝑂𝑂−⁄ 

𝑝𝐻𝑉𝑏  -ج = 0
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20201625°C𝐾𝑒 = 10−14
𝐶𝑎𝐻𝐴𝑉𝑎 = 20𝑚𝐿 (𝐾+ + HO−)𝐶𝑏 = 0.02 𝑚𝑜𝑙 𝐿⁄𝑝𝐻 𝑝𝐻 = 𝑓(𝑉𝑏)𝑉𝑏

1  

2 𝐶𝑎
 

3 𝑝𝐾𝑎(𝐻𝐴 𝐴−⁄ ) 

4 𝐻𝐴 

5  𝐾
212008

2.4×10−2 𝑚𝑜𝑙 𝐿⁄  𝐶𝐻3𝐶𝐻𝑂𝐻𝐶𝑂𝑂𝐻 𝐻𝐴
 𝑉𝑎 = 20𝑚𝐿𝐶𝑏 = 5×10−2 𝑚𝑜𝑙 𝐿⁄ 𝑝𝐻𝑝𝐻 𝑉𝑎 = 20𝑚𝐿200𝑚𝐿𝑉𝑎 = 12.9𝑚𝐿

1
2
3
4
5

𝑝𝐾𝑎(𝐻𝐴 𝐴−⁄ ) 4,8 𝐶𝐻3𝐶𝑂𝑂𝐻 𝐶𝐻3𝐶𝑂𝑂−⁄ 3,8𝐻𝐶𝑂𝑂𝐻 𝐻𝐶𝑂𝑂−⁄ 4,2𝐶6𝐻6𝐶𝑂𝑂𝐻 𝐶6𝐻5𝐶𝑂𝑂−⁄
7.66.2 10.08.2 6.24.2
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222010 25°C(S0)𝐻𝐶𝑂𝑂𝐻(𝑎𝑞) 𝑉0 = 20𝑚𝐿(S0)10180𝑚𝐿 (S1)𝑉1 = 20𝑚𝐿(S1)(𝑁𝑎+ + HO−) 𝐶𝑏 = 0.02 𝑚𝑜𝑙 𝐿⁄3
1(S0)
2
3 (S1) 

4 𝑘𝑎 (𝐻𝐶𝑂𝑂𝐻(𝑎𝑞)/𝐻𝐶𝑂𝑂−(𝑎𝑞))
5(S0)

232010𝐶𝑂2𝐶6𝐻5𝐶𝑂𝑂𝐻 𝐶𝑎𝑉𝑎 = 50𝑚𝐿  𝐶𝑂2 (𝑁𝑎+ + HO−)𝐶𝑏 = 0.1 𝑚𝑜𝑙 𝐿⁄
1𝑉𝑏pH25°C pH𝑝𝐻 = 𝑓(𝑉𝑏)1

E 𝐶𝑎
2𝑉𝑏 = 10𝑚𝐿

𝐻3𝑂+
3
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242016 25°C
𝐻𝑆𝑂3𝑁𝐻2𝐻𝐴 (𝑃%)

1 (𝑆𝐴)𝐶𝐴 𝑉 = 100𝑚𝐿𝑚 = 0.9g
 

  

 (𝑆𝐴) 

2 (𝑆𝐴)𝑉𝐴 = 20𝑚𝐿80𝑚𝐿(𝑁𝑎+ + HO−)𝐶𝑏 = 0.1 𝑚𝑜𝑙 𝐿⁄ 𝑉𝑏𝐸 = 15.3𝑚𝐿𝑝𝐻𝐸 = 7 

  

  

 𝐶𝐴(𝑆𝐴)𝑚𝐴𝐻𝐴 

 (𝑃%) 𝐻𝐴𝑀 = 97𝑔/𝑚𝑜𝑙
252010 (𝑆)𝐶𝐻3𝐶𝑂𝑂𝐻𝑚100 𝑚𝑙 pH(S)pH25°C 3,4

1
2𝑥𝑓 𝜏𝑓 = 0.039𝐶 = 0.01 𝑚𝑜𝑙 𝐿⁄𝑚 (S) 
3𝑄𝑟𝑖𝑄𝑟𝑓
4𝐶(S)𝑉𝑎 = 10𝑚𝐿 (𝑁𝑎+ + HO−)𝐶𝑏 = 4×10−3𝑚𝑜𝑙/𝑙  𝑉𝑏𝐸 = 25𝑚𝐿

C(S) pH12,5 𝑚𝑙 𝑀(𝐻) = 1𝑔/𝑚𝑜𝑙  𝑀(𝐶) = 12𝑔/𝑚𝑜𝑙  𝑀(𝑂) = 16𝑔/𝑚𝑜𝑙  𝑝𝐾𝑎(𝐶𝐻3𝐶𝑂𝑂𝐻/𝐶𝐻3𝐶𝑂𝑂−) = 4,8 
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262013 𝑆C𝐻3𝐶𝑂𝑂𝐻𝑉𝐶 = 10−2 𝑚𝑜𝑙 𝑙⁄ 𝜎𝑆25℃𝜎 = 16𝑚𝑠. 𝑚−1
1  

2 [𝐻3𝑂+]𝑆𝜎𝜆𝐶𝐻3𝐶𝑂𝑂−𝜆𝐻3𝑂+𝜆 

3 𝑝𝐻3.4 

4 𝑉𝑎𝑆(𝐾+𝑎𝑞 + 𝑂𝐻−𝑎𝑞) 𝐶𝑏 = 2×10−3 𝑚𝑜𝑙 𝑙⁄[C𝐻3𝐶𝑂𝑂−(𝑎𝑞)][C𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞)] = 41.43×10−3 𝑉𝑏 = 10𝑚𝑙[C𝐻3𝐶𝑂𝑂−(𝑎𝑞)][C𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞)] = 1
 𝐾𝐴C𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞) C𝐻3𝐶𝑂𝑂−(𝑎𝑞)⁄ 

 𝑉𝑎 𝜆𝐻3𝑂+ = 35.0 𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1𝜆𝐶𝐻3𝐶𝑂𝑂− = 4.1 𝑚𝑆. 𝑚2. 𝑚𝑜𝑙−1
272015

𝐶3𝐻6𝑂3
 𝑃 = 45% 

  

 𝑀 = 90𝑔/𝑚𝑜𝑙 

 ρ = 1.13𝑘𝑔/𝑙 

1 𝑉 = 500𝑚𝑙𝐶 = 0.1 𝑚𝑜𝑙 𝑙⁄pH pH = 2.425℃ 

  

  

  

 𝑝𝐾𝑎(𝐶3𝐻6𝑂3 𝐶3𝐻5𝑂3−⁄ ) 

2 100 (𝑆𝑎)𝐶𝑎𝑉𝑎 = 10𝑚𝑙(𝑆𝑎) (𝑁𝑎+ + 𝐻𝑂−)𝐶𝑏 = 0.02 𝑚𝑜𝑙/𝑙𝑉𝑏𝐸 = 28.3𝑚𝑙 

  

 𝐶𝑎𝐶0 
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  ρ = 1𝑘𝑔/𝑙
282015 𝑉𝑎 = 20𝑚𝑙𝐶6𝐻5𝐶𝑂2𝐻𝐶𝑎 (𝑁𝑎+ + 𝑂𝐻−)𝐶𝑏 = 0.1 𝑚𝑜𝑙/𝑙𝑝𝐻 = 𝑓(𝑉𝑏) 𝑉𝑏

1  

2 𝐸 

3 𝐶𝑎 

4 𝑝𝐾𝑎(𝐶6𝐻5𝐶𝑂2𝐻 𝐶6𝐻5𝐶𝑂2−⁄ ) 

5 14𝑚𝑙 𝜏𝑓 25℃
292013𝐶𝐻3𝐶𝑂𝑂𝐻𝐶𝑎

1  𝑝𝐻3.825℃ 

  -أ

𝐶𝑎 -ب  [𝐻3𝑂+]𝑒𝑞 

𝐶𝑎 -ج 𝜏𝑒𝑞 = 0.0158 

2 𝐶𝑎𝑉𝑎 = 18𝑚𝑙
𝐶𝑏 = 10−2 𝑚𝑜𝑙 𝑙⁄𝐸𝑥𝐴𝑂 

  -أ

𝐸(𝑉𝑏𝐸 -ب  , 𝑝𝐻𝐸)𝐶𝑎 

3 𝑉𝑏 = 9𝑚𝑙𝑝𝐻4.8 

 𝑝𝐻𝑝𝐾𝑎[C𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞)][C𝐻3𝐶𝑂𝑂−(𝑎𝑞)] -أ

 𝑥𝑥 -ب

𝜏 𝑝𝐾𝑎(C𝐻3𝐶𝑂𝑂𝐻(𝑎𝑞) -ج C𝐻3𝐶𝑂𝑂−(𝑎𝑞)⁄ ) = 4.8
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302011
0S27%𝑑 = 1,3

1𝐶0 = 8,8 𝑚𝑜𝑙/𝑙𝐶𝑎 =  0,1 𝑚𝑜𝑙/𝑙 𝑉0 =  10 𝑚𝑙
2S50500 𝑚𝑙 𝑆
3𝑉𝑏  =  10 𝑚𝑙 S𝑝𝐻

𝑝𝐻𝑝𝐻
𝑝𝐻

( 𝑉𝑎𝐸 ; 𝑃𝐻𝐸 )𝐸 𝑆       𝑀(𝐻) = 1𝑔/𝑚𝑜𝑙  𝑀(𝑁𝑎) = 23𝑔/𝑚𝑜𝑙  𝑀(𝑂) = 16𝑔/𝑚𝑜𝑙
312014Cb(𝑆)𝑁𝐻3pH 𝑉𝑏 = 20𝑚𝐿(𝑆)(𝐻3𝑂+ + 𝐶𝑙−)𝐶𝑎 = 0.015𝑚𝑜𝑙/𝐿

1

225℃09
 
 Cb 𝑝𝐾𝑎NH4+/𝑁𝐻3

3K
4𝑉𝑎 = 9mL

 
[𝑁𝐻3]𝑓[NH4+]𝑓

 Cb𝑉𝑏𝑥𝑓 𝜏𝑓
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322015

𝑁𝐻4𝑁𝑂3 33%25℃ 𝑡 = 0𝑉1 = 20𝑚𝑙𝑁𝐻4+𝐶1 = 0.15 𝑚𝑜𝑙/𝑙 𝑉2 = 10𝑚𝑙(𝑁𝑎+ + 𝐻𝑂−)𝐶2 = 0.15 𝑚𝑜𝑙/𝑙pH pH = 9.2𝑁𝐻4+(𝑎𝑞) + 𝐻𝑂−(𝑎𝑞) = 𝑁𝐻3(𝑎𝑞) + 𝐻2𝑂(𝑙) 
1  𝑥𝑚𝑎𝑥 𝑥𝑒𝑞 = 1.5×10−3  𝑚𝑜𝑙 𝜏𝑓

2 𝑚 = 6𝑔 (𝑆𝑎)250𝑚𝑙𝑉𝑎 = 10𝑚𝑙(𝑆𝑎) 𝐶𝑏 = 0.2 𝑚𝑜𝑙/𝑙𝑉𝑏𝐸 = 14𝑚𝑙 

 𝐶𝑎(𝑆𝑎) 

  

  𝑃𝐾𝑎(𝑁𝐻4+ 𝑁𝐻3⁄ ) = 9.2 𝑀(𝐻) = 1 𝑔 𝑚𝑜𝑙⁄  , 𝑀(𝑁) = 14 𝑔 𝑚𝑜𝑙⁄ , 𝑀(𝑂) = 16 𝑔 𝑚𝑜𝑙⁄    
332012𝐶13𝐻18𝑂2200𝑚𝑔  𝑅𝐶𝑂𝑂𝐻𝑅𝐶𝑂𝑂−𝑀(𝑅𝐶𝑂𝑂𝐻) = 206 𝑔 𝑚𝑜𝑙⁄25℃200𝑚𝑔𝑆0𝐶0 𝑉0 = 500𝑚𝑙

1 𝐶0 ≈ 0.002 𝑚𝑜𝑙 𝑙⁄ 

2 𝑝𝐻𝑆0𝑝𝐻 = 3.5 

  

 𝑄𝑟 

 𝑄𝑟𝑄𝑟𝑒𝑞 = 𝑥𝑚𝑎𝑥𝜏𝑓2𝑉0(1−𝜏𝑓)𝜏𝑓𝑥𝑚𝑎𝑥 

 𝐾
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𝑉𝑏 = 100𝑚𝑙𝑆𝑏 (𝑁𝑎+𝑎𝑞 + 𝑂𝐻−𝑎𝑞)𝐶𝑏 = 2×10−2 𝑚𝑜𝑙 𝑙⁄𝑆 𝑉𝑏20𝑚𝑙𝑆𝐶𝑎 = 2×10−2 𝑚𝑜𝑙 𝑙⁄
𝐻3𝑂+𝑎𝑞 + 𝑂𝐻−𝑎𝑞 = 2𝐻2𝑂

1  

2 𝐸 

3 𝑂𝐻−𝑎𝑞 

4 𝑂𝐻−𝑎𝑞 𝑅𝐶𝑂𝑂𝐻 𝑚
34𝐶𝐻3𝑁𝐻2(𝑎𝑞)𝐶𝐻3𝑁𝐻3+(𝑎𝑞) (𝑆) (𝑆1)10𝑉𝑏 = 20 𝑚𝑙

𝐶𝑎 = 0.02 𝑚𝑜𝑙/𝑙
1  

2 

 

3  

4 𝐶𝑏 

5 𝑉𝑎 = 2.8𝑚𝑙 

 𝑝𝐻 

 𝜏𝑓 

6 (𝑆1) 

  -أ

𝜏 -ب 𝑓̀𝐶𝑏𝐾𝑒 𝑃𝐻 

 𝜏 𝑓̀ 𝑃𝐾𝑎(𝐶𝐻3𝑁𝐻3+ 𝐶𝐻3𝑁𝐻2⁄ ) = 10.6𝐾𝑒 = 10−14    
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35𝑑100g 𝜌 = 1.02 𝑔 𝑚𝑙⁄
 100𝑚𝑙200𝑚𝑙 

 10𝑚𝑙20𝑚𝑙 

 100𝑚𝑙𝑝𝐻 

 (𝑁𝑎+ + 𝑂𝐻−)𝐶𝑏 = 0.1 𝑚𝑜𝑙 𝐿⁄ 

10(S1)𝑉1 = 100𝑚𝑙𝑝𝐻 2.4𝑉𝑎 = 20𝑚𝑙(S1)𝐶𝑏 = 0.1 𝑚𝑜𝑙 𝐿⁄ [𝐶𝐻3𝐶𝑂𝑂−][𝐶𝐻3𝐶𝑂𝑂𝐻] = 3.98×10−3𝑉𝑏 = 13.75𝑚𝑙(𝑁𝑎+ + 𝑂𝐻−) [𝐶𝐻3𝐶𝑂𝑂−][𝐶𝐻3𝐶𝑂𝑂𝐻] = 1
1 𝑝𝐻𝑝𝐻 < 7 

2 (S1) 

 

3 𝐶𝐻3𝐶𝑂𝑂𝐻 𝐶𝑎(S1)𝐶0
4 𝑝𝑘𝑎1(𝐶𝐻3𝐶𝑂𝑂𝐻 𝐶𝐻3𝐶𝑂𝑂−⁄ ) 

5 𝑝𝐻𝑉𝑏 = 15𝑚𝐿 𝑀𝐶 = 12 𝑔 𝑚𝑜𝑙⁄𝑀𝐻 = 1 𝑔 𝑚𝑜𝑙⁄𝑀𝑂 = 16 𝑔 𝑚𝑜𝑙⁄ 𝐾𝑒 = 10−14𝑝𝑘𝑎2(𝐶𝐻3𝑁𝐻3+ 𝐶𝐻3𝑁𝐻2⁄ ) = 10.7
3633% 𝑆0𝐶0𝐶0𝑆01000 𝑆1𝐶1𝑉1 = 100𝑚𝑙𝐶𝐵 = 0.01𝑚𝑜𝑙/𝑙𝑉𝐵

1  

2 𝑉𝐵𝐸𝐶1 

3 𝐶0𝑆0 

4 100𝑔𝑆0
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37𝐶𝑂2𝐶6𝐻5𝐶𝑂𝑂𝐻 𝐶𝑎𝑉𝑎 = 50𝑚𝐿  𝐶𝑂2(𝑁𝑎+ + HO−)𝐶𝑏 = 0.1 𝑚𝑜𝑙 𝐿⁄𝑉𝑏 = 4𝑚𝐿𝑝𝐻 = 425°C
1  

2  

3 τ𝑓 

4 𝑘 

5 𝑉𝑏𝐶𝑎𝑉𝑎 = 𝐶𝑏  𝑉𝑏(1 + 10𝑝𝐾𝑎−𝑝𝐻)  𝐶𝑎 𝐾𝑒 = 10−14𝑝𝐾𝑎(𝐶6𝐻5𝐶𝑂𝑂𝐻 𝐶6𝐻5𝑂𝑂−⁄ ) = 4.2 

38𝑆1𝐶𝑛𝐻2𝑛+1𝐶𝑂𝑂𝐻𝑚 = 0.48𝑔800𝑚𝑙 25℃ 𝑝𝐻𝑝𝐻 = 3.39
  

  

  𝑝𝐾𝑎1𝐶𝑛𝐻2𝑛+1𝐶𝑂𝑂𝐻 𝐶𝑛𝐻2𝑛+1𝐶𝑂𝑂−⁄ 𝑝𝐾𝑎1 = 4.76𝐶𝑎
 

  

1 𝐶𝑎𝑉𝑎 = 20𝑚𝐿𝑆1 (𝑁𝑎+ + 𝐻𝑂−)𝐶𝑏 = 2×10−2 𝑚𝑜𝑙 𝑙⁄𝑉𝑏 = 8𝑚𝑙𝑝𝐻 𝑝𝐻 = 5.36
  

 𝐾 

 𝑉𝑏𝑉𝑏𝐸 = 𝑉𝑏(1 + 10𝑝𝐾𝑎−𝑝𝐻) 𝑉𝑏𝐸 

 𝐶𝑎  𝐻 = 1 𝑔 𝑚𝑜𝑙⁄         𝑂 = 16 𝑔 𝑚𝑜𝑙⁄          𝐶 = 12 𝑔 𝑚𝑜𝑙⁄  


