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ʇʨʝʜʠʩʣʦʚʠʝ 

ʄʳ ʨʘʜʳ ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ ʢ 50-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʣʠʤʧʠʘʜʝ ʧʦ 
ʭʠʤʠʠ. ʕʪʠ ʟʘʜʘʥʠʷ ʧʨʠʟʚʘʥʳ ʦʙʣʝʛʯʠʪʴ ʧʦʜʛʦʪʦʚʢʫ ʢ ʆʣʠʤʧʠʘʜʝ ʢʘʢ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʪʘʢ 
ʠ ʜʣʷ ʠʭ ʥʘʩʪʘʚʥʠʢʦʚ. ɿʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʤʳ ʧʦʜʛʦʪʦʚʠʣʠ, ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʩʣʦʞʥʳʭ 
ʪʝʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ. ʄʳ ʦʩʥʦʚʳʚʘʣʠ ʠ ʥʘ ʚʦʧʨʦʩʘʭ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʚʢʣʶʯʝʥʳ ʚ 
ʧʨʦʛʨʘʤʤʫ ʧʦ ʭʠʤʠʠ ʜʣʷ ʩʨʝʜʥʠʭ ʰʢʦʣ, ʘ ʪʘʢʞʝ ʰʝʩʪʠ ʪʝʤ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʜʣʷ 
ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠ ʜʚʫʭ ʪʝʤ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ. ʕʪʠ ʪʝʤʳ 
ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʨʘʟʜʝʣʝ çɺʦʧʨʦʩʳ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠè, ʠ ʠʭ 
ʧʨʠʤʝʨʳ ʧʦʢʘʟʘʥʳ ʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʟʘʜʘʥʠʷʭ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʥʘʰʝʤ ʦʧʳʪʝ, ʢʘʞʜʘʷ 
ʠʟ ʵʪʠʭ ʫʩʣʦʞʥʝʥʥʳʭ ʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʦʨʦʰʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤ ʰʢʦʣʴʥʠʢʘʤ 
ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ-ʪʨʝʭ ʯʘʩʦʚ.  
 
ʈʝʰʝʥʠʷ ʟʘʜʘʥʠʡ ʙʫʜʫʪ ʦʪʧʨʘʚʣʝʥʳ ʛʣʘʚʥʦʤʫ ʤʝʥʪʦʨʫ ʢʘʞʜʦʡ ʩʪʨʘʥʳ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ 
ʧʦʯʪʝ ʜʦ 15 ʬʝʚʨʘʣʷ 2018 ʛʦʜʘ ʠ ʙʫʜʫʪ ʦʧʫʙʣʠʢʦʚʘʥʳ ʥʘ ʩʘʡʪʝ ʦʣʠʤʧʠʘʜʳ 1 ʠʶʥʷ 2018 
ʛʦʜʘ. ʄʳ ʧʨʠʚʝʪʩʪʚʫʝʤ ʣʶʙʳʝ ʢʦʤʤʝʥʪʘʨʠʠ, ʠʩʧʨʘʚʣʝʥʠʷ ʠ ʚʦʧʨʦʩʳ ʦ ʧʨʦʙʣʝʤʘʭ ʧʦ 
ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ ʧʦ ʘʜʨʝʩʫ info@50icho.eu. 
 
ʄʳ ʞʝʣʘʝʤ ʚʘʤ ʧʦʣʫʯʠʪʴ ʫʜʦʚʦʣʴʩʪʚʠʝ ʧʨʠ ʨʝʝhʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʥʠʡ ʠ ʩ 
ʥʝʪʝʨʧʝʥʠʝʤ ʞʜʝʤ ʚʩʪʨʝʯʠ ʩ ʚʘʤʠ ʚ ʠʶʣʝ ʚ ɹʨʘʪʠʩʣʘʚʝ ʠ ʇʨʘʛʝ. 
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ʄʳ ʭʦʪʝʣʠ ʙʳ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʚʩʝʭ ʘʚʪʦʨʦʚ ʟʘ ʠʭ ʥʘʧʨʷʞʝʥʥʫʶ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʨʘʙʦʪʫ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʫʨʦʚ ʦʣʠʤʧʠʘʜʳ. ʄʳ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʥʳ ʨʝʮʝʥʟʝʥʪʘʤ ʟʘ ʠʭ ʮʝʥʥʳʝ 

ʟʘʤʝʯʘʥʠʷ ʠ ʧʨʝʜʣʦʞʝʥʠʷ. 
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ɺʦʧʨʦʩʳ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ 

1. ʊʝʨʤʦʜʠʥʘʤʠʢʘ: ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʩʪʘʥʪʦʡ ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʝʨʛʠʝʡ ɻʠʙʙʩʘ, 

ʫʨʘʚʥʝʥʠʝ ɺʘʥʪ-ɻʦʬʬʘ, ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʨʘʩʪʚʦʨʘʭ ʩʣʘʙʳʭ 

ʵʣʝʢʪʨʦʣʠʪʦʚ. 

2. ʂʠʥʝʪʠʢʘ: ʠʥʪʝʛʨʘʣʴʥʦʝ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʝʘʢʮʠʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ, ʚʨʝʤʷ ʧʦʣʫʧʨʝʚʨʘʱʝʥʠʷ, ʤʝʪʦʜʳ ʨʝʣʘʢʩʘʮʠʠ ʚ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʝ, 

ʢʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ. 

3. ʕʣʝʢʪʨʦʭʠʤʠʷ: ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʷʯʝʡʢʠ, ʫʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ, ʜʠʘʛʨʘʤʤʳ ʌʨʦʩʪʘ, 

ʃʘʪʠʤʝʨʘ ʠ ʇʫʨʙʝ. 

4. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ: ʪʝʦʨʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

5. ʉʪʝʨʝʦʭʠʤʠʷ: ʩʪʝʨʝʦʭʠʤʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʜʠʘʩʪʝʨʝʩʝʣʝʢʪʠʚʥʳʝ ʨʝʘʢʮʠʠ. 

6. ɼʅʂ ʠ ʈʅʂ: ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ, ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʘʟʦʪʠʩʪʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʢʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

ʇʨʠʤʝʯʘʥʠʷ 

ʄ  rʥʝ ʦʞʠʜʘʝʤ, ʯʪʦ ʰʢʦʣʴʥʠʢʠ ʙʫʜʫʪ ʧʦʜʛʦʪʦʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʥʦʤ ʫʨʦʚʥʝ ʚ ʩʣʝʜʫʶʱʠʭ 

ʪʝʤʘʭ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʟʘʜʘʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ ɻ ʪʠ ʚʦʧʨʦʩʳ ʥʝ ʙʫʜʝʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʟʘʜʘʥʠʷʭ ʥʘ ʦʣʠʤʧʠʘʜʝ: 

¶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʂʣʷʡʟʝʥʘ 

¶ ʭʠʤʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ 

¶ ʤʝʭʘʥʠʟʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʝʣʦʢ 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ 

¶ ʨʝʰʝʥʠʝ ʢʫʙʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʍʠʤʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ ʚʦʧʨʦʩʘʤʠ ʚ ʨʘʤʢʘʭ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ʅʠʢʘʢʠʭ ʠʥʳʭ ʚʦʧʨʦʩʦʚ ʧʦ ʙʠʦʭʠʤʠʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʥʝ ʙʫʜʝʪ ʚ ʢʦʤʧʣʝʢʪʝ ʥʘ ʦʣʠʤʘʜʝ, 

ʢʨʦʤʝ ʪʝʭ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʝʥʳ ʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʪʝ. 

ɽʩʣʠ ʥʝ ʙʫʜʝʪ ʫʢʘʟʘʥʦ ʠʥʦʝ, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʚ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʥʝ 

ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ. 
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ʉʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ 

ʇʦʩʪʦʷʥʥʘʷ ɸʚʦʛʘʜʨʦ: NA = 6.022 Ĭ 1023 ʤʦʣʴī1  

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ: R = 8.314 ɼʞ Kī1 ʤʦʣʴī1 

ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ: c = 2.998 Ĭ 108 ʤ ʩī1  

ʇʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ: h = 6.626 Ĭ 10ī34 ɼʞ ʩ  

ʇʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ: F = 9.6485 Ĭ 104 ʂʣ 

ʉʪʘʥʜʘʨʪʥʦʝ ʜʘʚʣʝʥʠʝ: p = 1 ʙʘʨ = 105 ʇʘ  

ʉʪʘʥʜʘʨʪʥʦʝ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ: patm = 1.01325 Ĭ 105 ʇʘ  

ʅʦʣʴ ʛʨʘʜʫʩʦʚ ʧʦ ʰʢʦʣʝ ʎʝʣʴʩʠʷ: 273.15 K  

ʄʘʩʩʘ ʵʣʝʢʪʨʦʥʘ: me = 9.109 Ĭ 10ī31 ʢʛ 

1 ¡ = 10ī10 ʤ 

1 ʵɺ = 1.602 Ĭ 10ī19 ɼʞ 

1 ʘ.ʝ.ʤ. = 1.6605 Ĭ 10ī27 ʢʛ 

 

ʋʨʘʚʥʝʥʠʝ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ:   

ʇʝʨʚʳʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ:   

ʄʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ:  , ʛʜʝ  ï ʥʘʧʨʷʞʝʥʠʝ,  ï 

ʪʦʢ 

ʕʥʪʘʣʴʧʠʷ:   

ʉʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ:     

ɺʝʣʠʯʠʥʘ  ʜʣʷ ʨʝʘʢʮʠʠ aA + bB ᵶ cC + dD ,  

(ʢʚʘʜʨʘʪʥʳʤʠ ʩʢʦʙʢʘʤʠ ʦʙʦʟʥʘʯʝʥʘ ʅɽ ʨʘʚʥʦʚʝʩʥʘʷ, ʘ ʪʝʢʫʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ) 

 

ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ: , ʛʜʝ  ï ʪʝʧʣʦʪʘ ʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ 

ʀʟʤʝʥʝʥʠʝ ʪʝʧʣʦʪʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʤʦʣʷʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ( ):   

ʋʨʘʚʥʝʥʠʝ ɺʘʥʪ-ɻʦʬʬʘ:  

ʋʨʘʚʥʝʥʠʝ ʍʝʥʜʝʨʩʦʥʘ-ɻʝʩʩʝʣʴʙʘʭʘ:  

ʋʨʘʚʥʝʥʠʝ ʅʝʨʩʪʘ-ʇʝʪʝʨʩʦʥʘ:  
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ʕʥʝʨʛʠʷ ʬʦʪʦʥʘ:   

ɺʟʘʠʤʦʩʚʷʟʴ ʵʥʝʨʛʠʠ ʚ ʵɺ ʠ ɼʞ:  

ɿʘʢʦʥ ʣʘʤʙʝʨʪʘ-ɹʵʨʘ:  

ɺʦʣʥʦʚʦʝ ʯʠʩʣʦ:   

ʇʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ҡ, ʜʣʷ ʤʦʣʝʢʫʣʳ AX:   

ʀʥʪʝʛʨʘʣʴʥʳʡ ʚʠʜ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʨʦʮʝʩʩʦʚ: 

ʅʫʣʝʚʦʡ ʧʦʨʷʜʦʢ:    

ʇʝʨʚʳʡ ʧʦʨʷʜʦʢ:   

ɺʪʦʨʦʡ ʧʦʨʷʜʦʢ:  Ὧὸ 

ʋʨʘʚʥʝʥʠʝ ɸʨʨʝʥʠʫʩʘ:  
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ɿʘʜʘʯʘ 1. ʉʠʥʪʝʟ ʮʠʘʥʦʚʦʜʦʨʦʜʘ 

ʎʠʠʘʥʦʚʦʜʦʨʦʜ (HCN) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʫʶ ʞʠʜʢʦʩʪʴ ʩ ʭʘʨʘʢʪʝʨʥʳʤ 

ʤʠʥʜʘʣʴʥʳʤ ʟʘʧʘʭʦʤ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ ʩʠʩʤʝʤ, 

ʩʦʜʝʨʞʘʱʠʭ ʚʦʜʦʨʦʜ, ʘʟʦʪ ʠ ʫʛʣʝʨʦʜ, ʠ ʥʘʣʠʯʠʷ ʠʩʪʦʯʥʠʢʦʚ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩ ʩ ʫʯʘʩʪʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʘʤʤʠʘʢʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʘʛʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ɼʚʘ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ: 

¶ ʧʨʦʮʝʩʩ ɼʝʛʫʩʩʘ (Degussa (BMA)):  CH4(ʛ) + NH3(ʛ) Ÿ HCN(ʛ) + 3 H2(ʛ) 

¶ ʧʨʦʮʝʩʩ ɸʥʜʨʫʩʩʦʚʘ (Andrussow): CH4(ʛ) + NH3(ʛ) + 3/2 O2(ʛ) Ÿ HCN(ʛ) + 3 H2O(ʛ)  

ʆʙʘ ʧʨʦʮʝʩʩʘ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 1 000 ÁC ʠ ʩʪʘʥʜʘʨʪʥʦʤ ʜʘʚʣʝʥʠʠ, ʘ ʜʣʷ 

ʠʭ ʧʨʦʪʝʢʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʣʘʪʠʥʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ.  

1.1 ʈʘʩʩʯʠʪʘʡʪʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ȹrHm ʧʨʠ 1 500 K ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʦʮʝʩʩʦʚ. 

ʀʩʧʦʣʴʟʫʡʪʝ ʜʘʥʥʳʝ ʧʦ ʵʥʪʘʣʴʧʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ ȹfHm ʠʟ ʪʘʙʣʠʮʳ, ʧʨʠʚʝʜʝʥʥʦʡ 

ʥʠʞʝ. 

ʉʦʝʜʠʥʝʥʠʝ ȹfHm(1 500 K), ʢɼʞ ʤʦʣʴī1 

CH4(ʛ) ī90.3 

NH3(ʛ) ī56.3 

HCN(ʛ) 129.0 

H2O(ʛ) ī250.1 

H2(ʛ) 0 

O2(ʛ) 0 

 

1.2 ɼʣ ̫ʢʘʢʦʛʦ ʠʟ ʧʨʦʮʝʩʩʦʚ (Degussa BMA ʠʣʠ Andrussow) ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʚʥʝʰʥʝʝ ʥʘʛʨʝʚʘʥʠʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠ 1 500 K? ʂʨʘʪʢʦ ʧʦʷʩʥʠʪʝ, 

ʧʦʯʝʤʫ. 

1.3 ʈʘʩʩʯʠʪʘʡʪʝ ʚʝʣʠʯʠʥʫ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ K ʜʣʷ ʧʨʦʮʝʩʩʘ Degussa ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 1 500 K ʠ 1 600 K. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ 

ʜʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 1 500 K ʩʦʩʪʘʚʣʷʝʪ ȹrGm(1 500 K) = ī112.3 ʢɼʞ ʤʦʣʴī1. ʉʯʠʪʘʷ, 

ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 1 500 K ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 1 500 K ʜʦ 1 600 K, ʧʦʷʩʥʠʪʝ, ʩʦʛʣʘʩʫʝʪʩʷ ʣʠ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩ 

ʧʨʠʥʮʠʧʦʤ ʃʝ-ʐʘʪʝʣʴʝ. 

1.4 ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʮʠʧʘ ʃʝ-ʐʘʪʝʣʴʝ ʦʮʝʥʠʪʝ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ K ʜʣʷ ʧʨʦʮʝʩʩʘ Andrussow ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ 1 500 K  ʜʦ 1 600 K. 

ɿʘʜʘʯʘ 2. ʊʝʨʤʦʭʠʤʠʷ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ 

ʆʙʳʯʥʳʝ ʨʘʢʝʪʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʚʢʫ ʥʘ ʟʝʤʥʫʶ ʦʨʙʠʪʫ ʛʨʫʟʦʚ 

ʠʣʠ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʨʘʙʦʪʘʶʪ ʥʘ ʪʦʧʣʠʚʝ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ 

ʚʭʦʜʠʪ ʘʟʦʪ. ɺ ʩʦʩʪʘʚʝ ʪʦʧʣʠʚʘ ʤʝʪʠʣʛʠʜʨʘʟʠʥ ʠ 1,1-ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥ (ʠʟʚʝʩʪʥʳʡ ʪʘʢʞʝ 

ʢʘʢ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥ) ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʢʩʠʜʦʤ 
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ʘʟʦʪʘ(IV) (ʠʣʠ ʜʳʤʷʱʝʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ). ʅʝ ʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʨʘʟʠʥʘ ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʦʯʝʚʠʜʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ 

ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʷʭ. ɺʦ-ʧʝʨʚʳʭ, ʚʩʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʛʠʜʨʘʟʠʥʘ ʦʙʨʘʟʫʶʪ ʩʘʤʦʚʦʩʧʣʘʤʝʥʷʶʱʠʝʩʷ ʩʤʝʩʠ ʩ ʦʢʩʠʜʦʤ ʘʟʦʪʘ(IV), ʯʪʦ 

ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʠ 1,1-

ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʥʘʭʦʜʠʪʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʜʘʞʝ 

ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣ ̫ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʨʘʟʠʥʘ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʩʣʝʜʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪ. ɾʠʜʢʠʝ ʦʙʨʘʟʮʳ ʛʠʜʨʘʟʠʥʘ, ʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʠ 1,1-

ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʤʘʩʩʦʡ ʧʦ 1 ʛ ʢʘʞʜʳʡ ʙʳʣʠ ʩʦʞʞʝʥʳ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ 

ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʙʦʤʙʝ, ʨʘʙʦʪʘʶʱʝʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ, ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʢʠʩʣʦʨʦʜʘ. ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʣʦʨʠʤʝʪʨʘ ʙʳʣʘ ʨʘʚʥʘ 298.15 K ʠ 

ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 8.25 K, 12.55 K ʠ 14.76 K ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʢʘʞʜʳʤ 

ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʘʣʦʨʠʤʝʪʨʘ 

ʩʦʩʪʘʚʠʣʘ 2.04 ʢɼʞ Kī1. 

2.1 ʉʯʠʪʘʷ, ʯʪʦ ʧʨʦʜʫʢʪʘʤʠ ʩʛʦʨʘʥʠʷ ʛʠʜʨʘʟʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʢʠʩʣʦʨʦʜʝ ʷʚʣʷʶʪʩʷ 

ʘʟʦʪ, ʧʘʨʳ ʚʦʜʳ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʧʨʠ 298.15 K ʠ 101 325 ʇʘ, ʨʘʩʩʯʠʪʘʡʪʝ ʵʥʪʘʣʴʧʠʠ 

ʩʛʦʨʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʯʠʪʘʡʪʝ ʚʩʝ ʛʘʟʳ 

ʠʜʝʘʣʴʥʳʤʠ ʠ ʧʨʝʥʝʙʨʝʛʘʡʪʝ ʣʶʙʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʤʝʞʜʫ ʵʥʪʘʣʴʧʠʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʝʡ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ. 

2.2 ʈʘʩʩʯʠʪʘʡʪʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʜʣʷ ʨʝʘʢʮʠʡ ʩʛʦʨʘʥʠʷ ʪʨʝʭ ʫʢʘʟʘʥʥʳʭ ʪʦʧʣʠʚ ʚ 

N2O4 ʧʨʠ 298.15 K ʠ 101 325 Pa (ʩʥʦʚʘ ʦʙʨʘʟʫʶʪʩʷ ʧʘʨʳ ʚʦʜʳ). ɼʣ ̫ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʢʝʪʥʦʤ ʜʚʠʛʘʪʝʣʝ, ʩʯʠʪʘʡʪʝ ʚʩʝ ʠʩʭʦʜʥʳʝ ʪʦʧʣʠʚʘ 

ʞʠʜʢʠʤʠ. ɼʠʤʝʨ ʦʢʩʠʜʘ ʘʟʦʪʘ(IV) ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʀʩʧʦʣʴʟʫʡʪʝ ʚʝʣʠʯʠʥʳ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʡ ʚʦʜʳ 

(ī241.83 ʢɼʞ ʤʦʣʴī1), ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (ī393.52 ʢɼʞ ʤʦʣʴī1) ʠ ʜʠʤʝʨʘ ʦʢʩʠʜʘ ʘʟʦʪʘ(IV) 

(9.08 ʢɼʞ ʤʦʣʴī1). 

ʆʙʰʠʨʥʳʝ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʘʟ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʣʴʥʳʭ 

ʵʥʪʨʦʧʠʡ (ʧʨʠ 298,15 ʂ ʠ 101 325 ʇʘ) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʪʴʝʛʦ ʟʘʢʦʥʘ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ: 

ʉʦʝʜʠʥʝʥʠʝ SÁ, ɼʞ Kī1 ʤʦʣʴī1 ʉʦʝʜʠʥʝʥʠʝ 
SÁ, ɼʞ Kī1 
ʤʦʣʴī1 

N2H4 (ʞ) 121.92 N2 (ʛ) 191.61 

CH3N2H3 (ʞ) 166.35 CO2 (ʛ) 213.79 

(CH3)2N2H2 (ʞ) 199.60 H2O (ʞ) 69.95 

N2O4 (ʛ) 209.46     

2.3 ʈʘʩʩʯʠʪʘʡʪʝ ʠʟʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʣʷ ʪʨʝʭ ʨʝʘʢʮʠʡ ʩʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚ ʚ ʜʠʤʝʨʝ ʦʢʩʠʜʘ ʘʟʦʪʘ(IV), ʦʮʝʥʠʪʝ ʚʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʩʪʘʥʪ 

ʨʘʚʥʦʚʝʩʠʷ ʠ ʧʨʝʜʩʢʘʞʠʪʝ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʩʪʝʧʝʥʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʧʨʠ 

101 325 ʇʘ ʠ 298.15 K. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʨʝʘʢʮʠʠ ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʨʝʘʛʝʥʪʦʚ, ʘ ʚʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʝʝ ʩʪʘʥʜʘʨʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ï ʞʠʜʢʦʤ. 
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ʀʩʧʦʣʴʟʫʡʪʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʚʝʣʠʯʠʥʳ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʨʦʧʠʡ ʠ ʚʝʣʠʯʠʥʫ 

ʤʦʣʷʨʥʦʡ ʵʥʪʘʣʴʧʠʠ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʧʨʠ ʧʨʠ 298.15 K, ʨʘʚʥʫʶ 40.65 ʢɼʞ ʤʦʣʴī1. 

2.4 ʂʘʢ ʚʣʠʷʶʪ ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʨʘʚʥʦʚʝʩʠʝ? ʋʚʝʣʠʯʝʥʠʝ ʦʙʱʝʛʦ 

ʜʘʚʣʝʥʠʷ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʣʠ ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʠ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ? 

2.5 ɺ ʨʘʤʢʘʭ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʨʘʩʩʯʠʪʘʡʪʝ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʤʝʥʠ ʧʨʠ 

ʩʛʦʨʘʥʠʠ ʩʤʝʩʠ, ʚ ʢʦʪʦʨʦʡ ʤʦʣʷʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʪʨʝʭ ʚʝʱʝʩʪʚ ʩʦʩʪʘʚʣʷʝʪ 

1:1:1, ʚ 3.75 ʤʦʣʷʭ N2O4 ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʨʝʘʛʝʥʪʳ ʚʚʦʜʷʪʩʷ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʧʨʠ 

298.15 K ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʤʝʥʠ ʤʦʞʝʪ ʙʳʪɹ ʨʘʩʩʯʠʪʘʥʘ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʩʛʦʨʘʥʠʠ ʬʦʨʤʘʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 298.15 K ʠ ʚʩʷ 

ʚʳʜʝʣʷʶʱʘʷʩʷ ʚ ʨʝʘʢʮʠʠ ʪʝʧʣʦʪʘ (ʵʥʪʘʣʴʧʠʷ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʛʨʝʚʘʥʠʷ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʚʢʣʶʯʘʷ ʧʘʨʳ ʚʦʜʳ) ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʤʝʥʠ. ʀʩʧʦʣʴʟʫʡʪʝ 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʧʨʠʤʝʨʥʳʝ ʠʟʦʙʘʨʠʯʝʩʢʠʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʝʱʝʩʪʚ. 

ʉʦʝʜʠʥʝʥʠʝ Cp, ɼʞ Kī1 ʤʦʣʴī1 

N2 (ʛ) 35.26 

CO2 (ʛ) 59.83 

H2O (ʛ) 52.29 

2.6 ʉʨʘʚʥʠʪʝ ʚʳʯʠʩʣʝʥʥʫʶ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʤʝʥʠ ʩ ʪʘʢʦʚʦʡ ʜʣʷ 

ʩʛʦʨʘʥʠʷ ʯʠʩʪʦʛʦ ʞʠʜʢʦʛʦ 1,1-ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʚ ʯʠʩʪʦʤ ʢʠʩʣʦʨʦʜʝ. 

2.7 ʂʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʷ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 154.6 K, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

1,1-ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʨʘʚʥʘ 216.0 K. ʉʫʱʝʩʪʚʫʝʪ ʣʠ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʢʦʪʦʨʦʤ 

ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʞʠʜʢʦʪʦʧʣʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʵʪʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ?  

2.8 ʆʙʲʷʩʥʠʪʝ ʥʝʦʙʳʯʘʡʥʦ ʚʳʩʦʢʫʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʢʝʪʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ 

(ʥʘʧʨʠʤʝʨ, ʧʘʨʦʚʦʡ ʤʘʰʠʥʳ ʠʣʠ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ) ʠ ʧʦʜʪʚʝʨʜʠʪʝ ʩʚʦʡ ʦʪʚʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ. 

ɿʘʜʘʯʘ 3. ʇʨʦʪʝʘʟʘ ɺʀʏ 

ɺʠʨʫʩ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ (ɺʀʏ) ï ʨʝʪʨʦʚʠʨʫʩ, ʚʳʟʳʚʘʶʱʠʡ ʩʠʥʜʨʦʤ 

ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ (ʉʇʀɼ). ʇʨʠ ʉʇʀɼʝ ʠʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʙʦʣʴʥʦʛʦ 

ʧʦʩʪʝʧʝʥʥʦ ʦʩʣʘʙʝʚʘʝʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʳʯʥʦ ʙʝʟʦʙʠʜʥʳʝ ʠʥʬʝʢʮʠʠ ʦʢʘʟʳʚʘʶʪʩʷ 

ʦʧʘʩʥʳʤʠ ʜʣʷ ʞʠʟʥʠ. ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ɺʀʏ ʩʚʷʟʘʥ ʩ ʨʘʙʦʪʦʡ ʬʝʨʤʝʥʪʘ ʧʨʦʪʝʘʟʳ ɺʀʏ-1. 

ɼʘʥʥʳʡ ʬʝʨʤʝʥʪ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʤʠʰʝʥʴ ʜʣʷ ʣʝʢʘʨʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ. ʀʥʛʠʙʠʪʦʨʳ ʧʨʦʪʝʘʟʳ ɺʀʏ-1 ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʬʝʨʤʝʥʪʘ ʩʠʣʴʥʝʝ ʧʨʠʨʦʜʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʧʦʜʘʚʣʷʷ ʘʢʪʠʚʥʦʩʪʴ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʝʟ ʜʦʣʞʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʪʝʘʟʳ ɺʀʏ-1 ʚʠʨʫʩʥʳʝ ʯʘʩʪʠʮʳ ʥʝ ʩʦʟʨʝʚʘʶʪ 

ʚ ʧʦʣʥʦʮʝʥʥʳʝ ʚʠʨʠʦʥ.r 

ʅʝʩʢʦʣʴʢʦ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟʳ ɺʀʏ-1 ʟʘʧʘʪʝʥʪʦʚʘʣʠ ʢʘʢ ʩʨʝʜʩʪʚʘ ʪʝʨʘʧʠʠ ɺʀʏ. 

ʇʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʢʠʥʝʪʠʢʠ ʜʝʡʩʪʚʠʷ ʩʝʤʠ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʦʪʝʘʟʳ 

ɺʀʏ-1 ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 2003 ʛʦʜʫ ʚ ʋʧʩʘʣʝ (ʩʪʘʪʴʷ ʚ J. Mol. Recognit. DOI: 

10.1002/jmr.655). ʉʪʨʫʢʪʫʨʳ ʰʝʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 
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ʉʨʦʜʩʪʚʦ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʧʨʦʪʝʘʟʝ ɺʀʏ-1 ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

5 ÁC ʜʦ 35 ÁC ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʦʩʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʚʢʣʶʯʘʷ ʨʅ) ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʞʝ ʚ 

ʚʠʜʝ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʝʘʟʘïʠʥʛʠʙʠʪʦʨ. ʋʯʪʠʪʝ, ʯʪʦ 

ʢʦʥʩʪʘʥʪʳ KD ʚʳʨʘʞʝʥʳ ʚ ʝʜʠʥʠʮʘʭ ʥM (10ī9 ʤʦʣʴ ʜʤī3). 

 

ʊʝʤʧʝʨʘʪʫʨʘ 
ÁC 

Amprenavir Indinavir Lopinavir Nelfinavir Ritonavir Saquinavir 

5 1,39 3,99 0,145 6,83 2,57 0,391 

15 1,18 2,28 0,113 5,99 1,24 0,320 

25 0,725 1,68 0,101 3,67 0,831 0,297 

35 0,759 1,60 0,0842 2,83 0,720 0,245 

 

3.1 ʂʘʢʦʡ ʠʟ ʠʥʛʠʙʠʪʦʨʦʚ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʨʦʪʝʘʟʦʡ ʧʨʠ 35 ÁC? 

3.2 ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʝʨʛʠʶ ɻʠʙʙʩʘ ʩʚʷʟʳʚʘʥʠʷ (ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ) ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʠʥʛʠʙʠʪʦʨʦʚ ʧʨʠ ʢʘʞʜʦʡ ʠʟ ʪʝʤʧʝʨʘʪʫʨ. (ɼʣ ̫ ʨʘʩʯʝʪʘ ʧʦʣʝʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ.) 

3.3 ʀʩʧʦʣʴʟʫʡʪʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʘʣʴʧʠʠ ʠ 

ʵʥʪʨʦʧʠʠ ʩʚʷʟʳʚʘʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ, ʧʨʠʥʷʚ, ʯʪʦ ʵʪʠ ʚʝʣʠʯʠʥʳ ʧʦʩʪʦʷʥʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 

5ï35 ÁC. 
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ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ kD (ʚ ʝʜʠʥʠʮʘʭ 10ī3 ʩī1) ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʪʝʘʟʘïʠʥʛʠʙʠʪʦʨ 

ʠʟʤʝʨʝʥʳ ʧʨʠ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʥʳ ʥʠʞʝ: 

ʊʝʤʧʝʨʘʪʫʨʘ 
ÁC 

Amprenavir Indinavir Lopinavir Nelfinavir Ritonavir Saquinavir 

5 1,85 1,88 0,506 0,912 1,93 0,146 

25 4,76 3,44 0,654 2,17 2,59 0,425 

 

3.4 ʂʦʤʧʣʝʢʩ ʢʘʢʦʛʦ ʠʟ ʠʥʛʠʙʠʪʦʨʦʚ ʜʠʩʩʦʮʠʠʨʫʝʪ ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʦ ʧʨʠ 25 ÁC? 

3.5 ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʝʘʟʘïʠʥʛʠʙʠʪʦʨ 

(ʩʚʷʟʳʚʘʥʠʷ), kA, ʧʨʠ 25 ÁC ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʠʥʛʠʙʠʪʦʨʦʚ. ʂʦʪʦʨʳʡ ʠʟ ʥʠʭ ʩʚʷʟʳʚʘʝʪʩʷ 

ʩ ʧʨʦʪʝʘʟʦʡ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ? 

3.6 ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ɸʨʨʝʥʠʫʩʘ, ʨʘʩʩʯʠʪʘʡʪʝ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ȹGÿ 

(ʠʣʠ Ea) ʜʣʷ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Lopinavir, ʘ ʪʘʢʞʝ ʚʝʱʝʩʪʚ, ʥʘʡʜʝʥʥʳʭ ɺʘʤʠ ʚ 

ʧʫʥʢʪʘʭ 3.4 ʠ 3.5. ʇʨʠʤʠʪʝ, ʯʪʦ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʦʩʪʦʷʥʥʘ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ. 

3.7 ʗʚʣʷʝʪʩʷ ʣʠ ʠʥʛʠʙʠʪʦʨ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʪʝʤ ʞʝ 

ʚʝʱʝʩʪʚʦʤ, ʯʪʦ ʙʳʣʦ ʫʢʘʟʘʥʦ ɺʘʤʠ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʶʱʝʝʩʷ (ʧʫʥʢʪ 3.1)? 

ʆʙʦʙʱʠʪʝ ʨʝʟʫʣʴʪʘʪ ï ʢʘʢʦʚʘ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʯʥʦʩʪʴʶ ʩʚʷʟʳʚʘʥʠʷ (ʢʦʥʩʪʘʥʪʘ 

ʜʠʩʩʦʮʠʘʮʠʠ) ʠ ʩʢʦʨʦʩʪʴʶ ʜʠʩʩʦʮʠʘʮʠʠ (ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ)? 

ɿʘʜʘʯʘ 4. ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʘʮʝʪʦʬʝʥʦʥʘ ʥʘ ʭʠʨʘʣʴʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ (R)-CAT (2 ʤʦʣ. %) ʧʨʠ ī40 ÁC ʚ 

ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʜʘʸʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ (R)-1-ʬʝʥʠʣʵʪʘʥʦʣ-1 ʩ ʚʳʭʦʜʦʤ 70 % ʠ 

ʵʥʘʥʪʠʦʤʝʨʥʳʤ ʠʟʙʳʪʢʦʤ (ʝʝ) 90 %. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʜʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʧʨʦʜʫʢʪʘ [Ŭ]D20 

(c 1,00, EtOH) ʨʘʚʥʦ +45Á. 

4.1 ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʥʫʶ ʬʦʨʤʫʣʫ ʧʨʦʜʫʢʪʘ. 

4.2 ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ (R)-ʧʨʦʜʫʢʪʫ, ʨʘʚʥʘ kR = 2,5Ā10ī5 ʩī1 ʧʨʠ 

ī40 ÁC. ʏʝʤʫ ʨʘʚʥʘ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ kS ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ (S)-ʧʨʦʜʫʢʪʫ, ʧʨʠ 

ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ? 

4.3 ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ (S)-ʧʨʦʜʫʢʪʫ ʨʘʚʥʘ Eɸ(S) = 80 ʢɼʞĀʤʦʣʴī1. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ ɸ ʜʣʷ ʦʙʝʠʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ 

ʦʜʠʥʘʢʦʚʳʤ, ʨʘʩʩʯʠʪʘʡʪʝ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ Eɸ(R) ʜʣʷ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ (R)-

ʧʨʦʜʫʢʪʫ. 

4.4 ʂʘʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ee, ʨʘʚʥʦʛʦ 99 %? ʂʘʢʦʚʳ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ? 

4.5 ʈʘʩʩʯʠʪʘʡʪʝ ʫʜʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʧʨʦʜʫʢʪʘ [Ŭ]D20 (c 1,00, EtOH), ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ (S)-CAT (4 ʤʦʣ. %), ʦʧʪʠʯʝʩʢʦʛʦ ʘʥʪʠʧʦʜʘ (R)-CAT, ʧʨʠ 0 ÁC, ʝʩʣʠ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝ ʞʝ ʧʨʠʙʦʨ ʠ ʢʶʚʝʪʘ. 

4.6 ʂʘʢ ʫʚʝʣʠʯʠʪʴ ʦʧʪʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ ʨʝʘʢʮʠʠ? 
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ɿʘʜʘʯʘ 5. ʉʚʝʨʭʙʳʩʪʨʳʝ ʨʝʘʢʮʠʠ 

ʉʢʦʨʦʩʪʴ ʠʩʪʠʥʥʳʭ ʨʝʘʢʮʠʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʦʢʘʟʘʣʘʩʴ ʥʝʠʟʤʝʨʠʤʦ ʙʳʩʪʨʦʡ. 

ɸ. ʆʡʢʝʥ, ʋʯʝʙʥʠʢ ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, 1949 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʚʝʨʭʙʳʩʪʨʳʭ ʨʝʘʢʮʠʡ ʩʚʷʟʘʥʘ ʩʦ ʩʤʝʝhʥʠʝʤ 

ʨʝʘʛʝʥʪʦʚ. ʆʩʪʨʦʫʤʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʦʡʪʠ ʵʪʫ ʧʨʦʙʣʝʤʫ ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ. 

ʇʨʠʤʝʨʦʤ ʩʚʝʨʭʙʳʩʪʨʦʡ ʨʝʘʢʮʠʠ ʩʣʫʞʠʪ ʥʝʡʪʨʘʣʠʟʘʮʠʷ: 

 
ɿʜʝʩʴ k1 ʠ k2 ï ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʝʜʥʷʷ 

ʵʥʪʘʣʴʧʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʨʘʚʥʘ ī49,65 ʢɼʞ ʤʦʣʴī1 ʚ ʜʠʘʧʘʟʦʥʝ 298ï373 K, ʧʣʦʪʥʦʩʪʴ 

ʚʦʜʳ ï 1,000 ʛ ʩʤī3. 

5.1 ɺʦʜʘ ʠʤʝʝʪ pH = 7,00 ʧʨʠ 298 K. ʈʘʩʩʯʠʪʘʡʪʝ ʢʘʞʫʱʫʶʩʷ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ ὑ

 ʜʣʷ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʰʝ ʨʝʘʢʮʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ 

ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ. 

5.2 ʆʮʝʥʠʪʝ pH ʢʠʧʷʱʝʡ ʚʦʜʳ (T = 373 K). 

ɼʣ ̫ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʫʯʘʩʪʠʝʤ ʪʷʞʝʣʦʡ ʚʦʜʳ ʨʘʚʥʦʚʝʩʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʩʤʝʱʝʥʦ ʚ 

ʩʪʦʨʦʥʫ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʳ: Kw(D2O) = 1,35 Ĭ 10ī15 ʧʨʠ 298 K. 

 
5.3 ʏʝʤʫ ʨʘʚʥʦ ʟʥʘʯʝʥʠʝ pD ʪʷʞʝʣʦʡ ʚʦʜʳ ʧʨʠ 298 K? 

5.4 ɿʘʧʠʰʠʪʝ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʚʳʨʘʟʠʚ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ D2O ʯʝʨʝʟ 

ʢʦʥʮʝʥʪʨʘʮʠʠ D+, ODī ʠ D2O. 

ʉʦʩʪʘʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɽʩʣʠ ʧʨʠʤʝʥʠʪʴ ʚʥʝʰʥʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʥʘʧʨʠʤʝʨ, ʦʯʝʥʴ ʙʳʩʪʨʳʡ ʠʤʧʫʣʴʩʥʳʡ ʥʘʛʨʝʚ ʚ ʩʠʩʪʝʤʝ, ʤʦʞʥʦ ʥʘʨʫʰʠʪʴ 

ʨʘʚʥʦʚʝʩʠʝ ʠ ʥʘʙʣʶʜʘʪ ɹ ʧʦʩʣʝʜʫʶʱʫʶ ʨʝʣʘʢʩʘʮʠʶ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʘʚʫ. ʄʦʞʥʦ 

ʦʧʠʩʘʪʴ ʨʝʣʘʢʩʘʮʠʶ ʩ ʧʦʤʦʱʴʶ ʥʦʚʦʡ ʚʝʣʠʯʠʥ r ʭ ï ʦʪʢʣʦʥʝʥʠ ̫ ʦʪ ʨʘʚʥʦʚʝʩʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ:  

ὼ  $/ $/ /$ /$ $ $   

5.5 ɺʳʨʘʟʠʪʝ ʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ   ʯʝʨʝʟ x. ʇʨʠʚʝʜʠʪʝ ʢʘʢ ʪʦʯʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʪʘʢ 

ʠ ʧʨʠʙʣʠʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ ʤʘʣʳʤʠ ʯʣʝʥʘʤʠ ʩ x2. 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ ʠʟ 5.5, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ: 

ὼ ὼπ ÅØÐ ὸ Ὧ $ Ὧ /$ Ὧ  

ʛʜʝ ὼπ ï ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʨʘʚʥʦʚʝʩʠʷ ʚ ʤʦʤʝʥʪ ʚʦʟʤʫʱʝʥʠʷ.  

5.6 ɼʣ ̫ʪʷʞʝʣʦʡ ʚʦʜʳ ʧʨʠ 298 K ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ † (ʚʨʝʤʷ ʟʘ ʢʦʪʦʨʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʨʘʚʥʦʚʝʩʠʷ ʧʘʜʘʝʪ ʜʦ  ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ) ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 162 ʤʢʩ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʡ. ʇʣʦʪʥʦʩʪʴ ʪʷʞʝʣʦʡ 

ʚʦʜʳ ɟ = 1,107 ʛ ʩʤī3, ʘ Mr = 20,03. 
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ʉʚʝʨʭʙʳʩʪʨʳʝ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʩʢʘʯʢʦʤ pH. ʀʩʧʦʣʴʟʫʷ ʩʚʝʨʭʙʳʩʪʨʳʡ 

ʣʘʟʝʨʥʳʡ ʠʤʧʫʣʴʩ, ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʩʢʘʯʦʢ ʨʅ ʚ ʩʠʩʪʝʤʝ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ 

ʬʦʪʦʢʠʩʣʦʪʘʤʠ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ ʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʅʘʧʨʠʤʝʨ, pKa 6-

ʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ-2-ʩʫʣʴʬʦʥʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 9,12 ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 1,66 ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʤ. 

 

5.7 ʈʘʩʪʚʦʨ 6-ʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ-2-ʩʫʣʴʬʦʥʘʪʘ ʦʙʲʝʤʦʤ 1 ʩʤ3 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

5,0 Ĭ 10ī3 ʤʦʣʴ ʜʤī3 ʙʳʣ ʦʙʣʫʯʝʥ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 297 ʥʤ. ʇʦʛʣʦʱʝʥʥʘʷ 

ʵʥʝʨʛʠʷ ʩʦʩʪʘʚʠʣʘ 2,228 Ĭ 10ī3 ɼʞ. ʈʘʩʩʯʠʪʘʡʪʝ ʨʅ ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ, 

ʧʨʝʥʝʙʨʝʛʘʷ ʘʚʪʦʧʨʦʪʦʣʠʟʦʤ ʚʦʜʳ. 

ɿʘʤʝʯʘʥʠʝ: ʩʪʘʥʜʘʨʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʜʣʷ ʨʘʩʪʚʦʨʘ ʩʯʠʪʘʡʪʝ ʪʘʢʦʚʦʝ ʩ c0 = 1 ʤʦʣʴ 

ʜʤī3; ʧʨʠʤʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʚʝʱʝʩʪʚ ʨʘʚʥʳʤʠ ɔi = 1; ʜʣʷ 

ʨʝʰʝʥʠʷ ʢʫʙʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʥʣʘʡʥ-ʧʨʠʣʦʞʝʥʠʷ. 

ɿʘʜʘʯʘ 6. ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʟʦʪʦʧʥʳʝ ʵʬʬʝʢʪʳ 

ʈʘʟʣʠʯʥʳʝ ʠʟʦʪʦʧʳ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʨʘʟʥʠʮʘ 

ʚ ʠʭ ʤʘʩʩʘʭ ʚʳʟʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʤʳʩʣʝ. ʇʦʜ 

ʢʠʥʝʪʠʯʝʩʢʠʤ ʠʟʦʪʦʧʥʳʤ ʵʬʬʝʢʪʦʤ ʧʦʥʠʤʘʶʪ ʷʚʣʝʥʠʝ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʠʟʦʪʦʧʥʦ ʟʘʤʝʱʝʥʥʳʭ ʤʦʣʝʢʫʣ. ʕʪʦʪ ʵʬʬʝʢʪ ʙʳʣ ʧʦʩʪʫʣʠʨʦʚʘʥ ʚ 1933 

ʛʦʜʫ ʕʡʨʠʥʛʦʤ ʠ ʇʦʣʥ̫ʠ, ʠ ʩ ʪʝʭ ʧʦʨ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʟʦʪʦʧʥʳʝ ʵʬʬʝʢʪʳ ʧʨʝʜʦʩʪʘʚʠʣʠ 

ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʭʘʥʠʟʤʘʭ ʤʥʦʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʢʚʘʥʪʫʶʪʩʷ, ʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʣʠʞʝʥʠʝ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʜʣʷ ʠʭ ʦʧʠʩʘʥʠʷ. ʋʨʦʚʥʠ ʵʥʝʨʛʠʠ ʦʩʮʠʣʣʷʪʦʨʘ Ev ʜʘʶʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ: 

Ὁ  Ö
ρ

ς
È’ ȟ 

ʛʜʝ v = 0, 1, 2, ... ï ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ, ʘ ’ ï ʯʘʩʪʦʪʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʠʣʦʚʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʩʚʷʟʠ k ʠ ʧʨʠʚʝʜʝʥʥʦʡ ʤʘʩʩʳ Õ: 

’
ρ

ς“

Ὧ

‘
  Ȣ 

ɺ ʨʘʩʯʝʪʘʭ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ ʠʥʦʝ, ʠʩʧʦʣʴʟʫʡʪʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʪʦʤʥʦʡ ʤʘʩʩʳ 

ʥʫʢʣʠʜʘ ʚ ʘ.ʝ.ʤ. ʦʢʨʫʛʣʝʥʥʳʝ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ ʯʠʩʣʘ. 

6.1 ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʫʶ ʜʚʫʭʘʪʦʤʥʫʶ ʤʦʣʝʢʫʣʫ 1HF. ʈʘʩʩʯʠʪʘʡʪʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ (ʚ ʩʤï

1) ʢʦʣʝʙʘʥʠʷ ʚ ʥʝʡ, ʘ ʪʘʢʞʝ ʵʥʝʨʛʠʠ (ʚ ɼʞ) ʧʝʨʚʳʭ ʜʚʫʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ. 

ʉʠʣʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ k = 968 ʢʛ ʩī2. 

6.2 ʀʟʦʪʦʧʥʦʝ ʟʘʤʝʱʝʥʠʝ ʥʝ ʠʟʤʝʥʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ, 

ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ k ʦʩʪʘʝʪʩʷ ʪʝʤ ʞʝ. ɿʥʘʷ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ʢʦʣʝʙʘʥʠʡ ʚ 1HAX (2439,0 

ʩʤī1) ʠ 2DA+2X (1734,8 ʩʤī1), ʫʩʪʘʥʦʚʠʪʝ ʧʨʠʨʦʜʫ ʵʣʝʤʝʥʪʘ X. 
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6.3 ʕʥʝʨʛʠʷ ʥʫʣʝʚʳʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʵʬʬʝʢʪʘ. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʚʷʟʴ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʳʚʘʝʪʩʷ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʯʪʦ 

ʟʘʩʝʣʝʥʦ ʪʦʣʴʢʦ ʦʩʥʦʚʥʦʝ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʦ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ 

ʠʤʝʝʪ ʪʘʢʦʝ ʞʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʘʢ ʠ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʥʫʣʝʚʳʭ ʢʦʣʝʙʘʥʠʡ. 

ɺʦʣʥʦʚʳʝ ʯʠʩʣʘ ʢʦʣʝʙʘʥʠʡ ʉīH ʠ CīD ʨʘʚʥʳ 2900 ʩʤī1 ʠ 2100 ʩʤī1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʦʪʥʦʰʝʥʠʝ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ k(CīH)/k(CīD) ʜʣʷ ʨʘʟʨʳʚʘ ʩʚʷʟʠ CīH/D 

ʧʨʠ 300 K, ʫʯʠʪʳʚʘʷ ʪʦʣʴʢʦ ʨʘʟʥʠʮʫ ʵʥʝʨʛʠʡ ʥʫʣʝʚʳʭ ʢʦʣʝʙʘʥʠʡ.  

6.4 ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʟʦʪʦʧʥʳʝ ʵʬʬʝʢʪʳ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʩʢʦʨʦʩʪʴ-ʣʠʤʠʪʠʨʫʶʱʫʶ 

ʩʪʘʜʠʶ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ. ʆʪʥʦʰʝʥʠʝ kH/kD ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʧʝʥʘ ʠʟ  

1-ʙʨʦʤʧʨʦʧʘʥʘ ʠ 1-ʙʨʦʤ-2,2-ʜʠʜʝʡʪʝʨʦʧʨʦʧʘʥʘ ʚ ɦʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 6,5. 

ʀʜʝʪ ʣʠ ʨʝʘʢʮʠʷ ʧʦ ʤʝʭʘʥʠʟʤʫ E1 ʠʣʠ E2? ʇʨʦʮʝʩʩ ʪʠʧʘ E1 ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʝ ʩʪʘʜʠʠ: 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʘʨʙʦʢʘʪʠʦʥʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʪʝʨʝʡ H+. E2 ʠʜʝʪ ʚ 

ʦʜʥʫ ʩʪʘʜʠ ʁʩ ʩʠʥʭʨʦʥʥʳʤ ʫʜʘʣʝʥʠʝʤ ʛʘʣʦʛʝʥʠʜʘ ʠ ʩʦʩʝʜʥʝʛʦ ʧʨʦʪʦʥʘ. 

 

6.5 ʈʘʩʩʤʦʪʨʠʤ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʢʝʥʘ ʠʟ 2-ʙʨʦʤ-3,3-ʜʠʜʝʡʪʝʨʦ-2-

ʤʝʪʠʣʙʫʪʘʥʘ ʠ ʝʛʦ ʧʨʦʪʠʝʚʦʛʦ ʘʥʘʣʦʛʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʵʪʘʥʦʣʝ. ʅʘʩʢʦʣʴʢʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʙʫʜʝʪ ʢʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ? 

ɿʘʜʘʯʘ 7. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʠ 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʨʦʙʣʝʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʱʝʛʦ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʠʟʘʮʠʷ 

ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʩʦʣʥʮʘ, ʚʝʪʨʘ, ʛʠʜʨʦʵʥʝʨʛʠʠ, 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʙʠʦʤʘʩʩʳ. ʀ ʭʦʪʷ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʳʝ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʩ ʦʛʨʦʤʥʳʤ ʬʠʟʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ, ʦʥʠ ʥʝʧʦʩʪʦʷʥʥʳʝ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʘʩʘʝʪʩʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʥʝʜʦʩʪʫʧʥʳ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʫʞʥʳ, ʠ ʪʘʤ, ʛʜʝ ʥʫʞʥʳ; ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝ 

ʚʩʝ ʚʨʝʤʷ: ʩʦʣʥʮʝ ʟʘʭʦʜʠʪ, ʚʝʪʨʘ ʤʦʞʝʪ ʥʝ ʙʳʪʴ ʠ ʪ.ʜ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʟʘʧʘʩʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʜʦʣʛʦʚʝʯʥʦʤ ʥʦʩʠʪʝʣʝ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ. ʍʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʘʢʦʡ ʥʦʩʠʪʝʣʴ. ɺ 

ʦʙʱʝʤ, ʥʘ ʵʪʦʤ ʦʩʥʦʚʳʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʩʦʣʥʝʯʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ, ʠ ʵʪʦ ʬʦʪʦʩʠʥʪʝʟ. ʈʘʩʪʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʧʣʠʚʘ (ʫʛʣʝʚʦʜʦʚ) ʠʟ ʚʦʜʳ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. 

ʆʜʥʘʢʦ ʯʪʦʙʳ ʦʩʫʱʝʩʪʚʠʪʴ ʵʪʦ, ʨʘʩʪʝʥʠʷʤ ʥʝʦʙʭʦʜʠʤʘ ʧʣʦʜʦʨʦʜʥʘʷ ʧʦʯʚʘ, ʚʦʜʘ ʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʢʣʠʤʘʪ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʝ 

ʩʢʦʚʘʥʳ ʪʘʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ ʩʧʦʩʦʙʥʳ ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʧʣʠʚʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 
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ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ, ʥʘʧʨʠʤʝʨ, ʚʦʜʦʨʦʜ. ʌʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ (ʌʕʍ) ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ 

ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ, ʥʦ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɺʳʧʦʣʥʠʚ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʥʠʷ, ʚʳ ʧʦʣʫʯʠʪʝ ʙʘʟʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʠ.  

7.1 ʋ ʢʘʢʠʭ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʝʘʢʮʠʡ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣ ʟʘʚʠʩʠʪ ʦʪ pH? 

a) Br2 + e ᴼ2Br   

b) NO3 + 3H+ + 2e ᴼHNO2 + H2O 

c) ClO3 + 6H+ + 6e ᴼCl + 3H2O 

d) Cr2O7
2 + 14H+ + 6e ᴼ2Cr 3+ + 7H2O 

e) 2CO2 + 2e ᴼ COO2
2  

f) 2IO3 + 12H+ + 10e ᴼ I2 + 6H2O 

g) S2O8
2 + 2e ᴼ2SO4

2  

h) TiO2+ + 2H+ + e ᴼTi3+ + H2O 
 

7.2 ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ ʠ ʧʨʠʥʷʚ, ʯʪʦ [Aox] = [Ared], ʚʳʚʝʜʠʪʝ ʬʦʨʤʫʣʫ ʜʣʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘ ʩʣʝʜʫʶʱʝʡ ʨʝʘʢʮʠʠ ʦʪ pH: 

Ἃox + ᾀe + ὲH+ ᴼἋred +
ὲ

2
H2O 

 
ʂʘʢʦʚʘ ʧʨʠʨʦʜʘ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ? (ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ, 

ʢʚʘʜʨʘʪʠʯʥʘʷ, ʠ ʜʨ.)? 

7.3 ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʚʦʟʤʦʞʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʵʣʝʢʪʨʦʣʠʪʝ: 

Ἄox + 3e ᴼἌred         ὉἌ
Ј= + 0.536 V 

Ἅox + 2e ᴼἍred         ὉἍ
Ј= + 0.824 V  

 

a) ʂʘʢʘʷ ʠʟ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʨʝʘʢʮʠʡ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʧʨʠ p = 1 ʘʪʤ, T = 298.15 K? 

ɹʫʜʝʪ B ʦʢʠʩʣʷʪʴ C ʠʣʠ ʉ ʦʢʠʩʣʷʪʴ B? ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʤʝʞʜʫ ʚʝʱʝʩʪʚʘʤʠ B ʠ C.  

b) ʆʧʨʝʜʝʣʠʪʝ ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʪʘʢʦʡ ʨʝʘʢʮʠʠ. 

c) ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ ʵʪʦʡ ʨʝʘʢʮʠʠ. 

7.4 ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ ʜʚʫʤʷ ʚʦʟʤʦʞʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʚ 

ʦʭʣʘʞʜʝʥʥʦʡ ʷʯʝʡʢʝ, ʫ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣ ʟʘʚʠʩʠʪ ʦʪ pH, ʘ ʫ ʜʨʫʛʦʡ ï ʥʝʪ.  

Ἆox + e ᴼἎred                        ὉἎ = + 0.55 V 

Ἇox + e + H+ ᴼἏred             ὉἏ = + 0.95 V  
 

a) ɺʳʯʠʩʣʠʪʝ ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ (ʚ ʤɺ) ʢʘʢ ʬʫʥʢʮʠʶ pH ʜʣʷ ʨʝʘʢʮʠʠ, 

ʟʘʚʠʩʷʱʝʡ ʦʪ pH. ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʧʦʪʝʥʮʠʘʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ pH = 0 ʠ 

T = 262 K. ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʤʝʥʷʪʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʵʪʦ 

ʟʥʘʯʝʥʠʝ pH ʵʣʝʢʪʨʦʣʠʪʘ. 

b) ʅʘʨʠʩʫʡʪʝ ʣʠʥʝʡʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʢʘʢ ʜʣʷ D 

ʪʘʢ ʠ ʜʣʷ E) ʦʪ pH ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 13. 

c) ʆʧʨʝʜʝʣʠʪʝ ʟʥʘʯʝʥʠʝ pH, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʦʢʠʩʣʝʥʠʷ 

ʚʝʱʝʩʪʚʘ E ʨʘʚʥʘ K = 2.56 Ĭ 105.  

d) ʇʦʢʘʞʠʪʝ ʥʘ ʛʨʘʬʠʢʝ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ pH, ʛʜʝ D ʦʢʠʩʣʷʝʪ E. 
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7.5 ɺʳʯʠʩʣʠʪʝ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʥʳ 5 Ĭ 10 Ĭ 0.5 ʤʤ ʟʘʱʠʪʥʳʤ ʩʣʦʝʤ ʟʦʣʦʪʘ ʤʘʩʩʦʡ 5 ʤʛ. ʇʣʘʩʪʠʥʘ ʧʦʣʥʦʩʪʴʶ 

ʧʦʛʨʫʞʝʥʘ ʚ 10 ʩʤ3 ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʨʝʢʫʨʩʦʨ ʟʦʣʦʪʘ ʩ c(Au3+) = 5 ʤʤʦʣʴ ʜʤī3. 

ʇʨʠʤʠʪʝ, ʯʪʦ ʪʦʣʴʢʦ ʟʦʣʦʪʦ (MAu = 197 ʛ ʤʦʣʴī1) ʦʩʘʞʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʣʘʩʪʠʥʳ, ʧʦʙʦʯʥʳʝ ʨʝʘʢʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʢʦʦʪʚʦʜʷʱʠʭ 

ʢʦʥʪʘʢʪʦʚ ʩ ʵʣʝʢʪʨʦʜʦʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 

25 ʤɸ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘ ʧʦʜʣʦʞʢʫ ʜʣʷ ʪʝʩʪʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘʥʝʩʝʥʦ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʝʝ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʝ ʧʦʢʨʳʪʠʝ (ʥʘʧʨʠʤʝʨ, ʟʦʣʦʪʦ), ʤʦʞʥʦ ʥʘʥʦʩʠʪʴ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʤʝʪʘʣʣ-

ʦʢʩʠʜʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ ʧʨʦʷʚʠʣ ʩʝʙʷ 

ʢʘʢ ʦʪʣʠʯʥʳʡ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ. ʆʥ ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ n-ʪʠʧʘ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʤʘʪʝʨʠʘʣ ʜʣʷ ʬʦʪʦʘʥʦʜʦʚ. ɺʝʩʴ ʩʣʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʪʦʨʝʘʢʮʠʡ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʦʙʣʫʯʘʝʤʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ n-ʪʠʧʘ, ʤʦʞʝʪ ʙʳʪʴ ʫʧʨʦʱʝʥ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʌʦʪʦʥ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʝʡ (ʜʣʠʥʥʦʡ ʚʦʣʥʳ) ʧʦʧʘʜʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʚʳʟʳʚʘʝʪ ʚʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʩ ʚʳʩʰʝʡ ʟʘʥʷʪʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʦʨʙʠʪʘʣʠ (ɺɿʄʆ) ʥʘ ʥʠʟʰʫʶ ʩʚʦʙʦʜʥʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʨʙʠʪʘʣʴ (ʅʉʄʆ), ʦʩʪʘʚʣʷʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʫʶ ʜʳʨʢʫ (h+). ʇʨʠ ʧʨʠʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʚʦʟʙʫʞʜʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʜʚʠʛʘʶʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢ ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʫ, ʛʜʝ ʦʥʠ ʫʯʘʩʪʚʫʶʪ 

ʚ ʨʝʘʢʮʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʦʪʦʛʝʥʝʨʠʨʫʝʤʳʝ ʜʳʨʢʠ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʘʢʮʠʷʭ 

ʦʢʠʩʣʝʥʠʷ. ʅʘʙʣʶʜʘʝʤʳʡ ʧʦʪʦʢ ʟʘʨʷʜʦʚ ʥʘʟʳʚʘʝʪʩʷ ʬʦʪʦʪʦʢʦʤ. 

ʆʙʦʟʥʘʯʠʤ Eg ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ ʵʥʝʨʛʠʷʤʠ ʫʨʦʚʥʝʡ ɺɿʄʆ ʠ ʅʉʄʆ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪ 

ʤʠʥʠʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ (ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʜʣʠʥʫ ʚʦʣʥʳ). ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʢʘʢʦʡ-ʣʠʙʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʝʩʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʷ: 1) Eg ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʘʚʝʨʥʷʢʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʪʝʥʮʠʘʣ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ. 2) 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ɺɿʄʆ ʜʦʣʞʝʥ ʙʳʪʴ ʥʠʞʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʧʦʣʫʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ, ʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʅʉʄʆ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

ʧʦʣʫʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

7.6 ʅʘ ʩʣʝʜʫʶʱʝʤ ʨʠʩʫʥʢʝ ʚ  r ʤʦʞʝʪʝ ʚʠʜʝʪʴ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ, ʩʨʘʚʥʠʚʘʶʱʝʡ ʯʝʪʳʨʝ ʤʘʪʝʨʠʘʣʘ (F ï I) ʧʦ ʧʦʣʦʞʝʥʠʷʤ 

ʠʭ ɺɿʄʆ ʠ ʅʉʄʆ ʩ ʠʟʫʯʘʝʤʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʝʡ.  
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a) ʂʘʢʦʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʥʦʡ ʥʘ ʜʠʘʛʨʘʤʤʝ ʨʝʘʢʮʠʠ? 

b) ɺʳʯʠʩʣʠʪʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ (ʚ ʥʤ) ʠʟʣʫʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʚʘʤʠ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʘʰʠʭ ʜʘʥʥʳʭ ʩʢʘʞʠʪʝ, 

ʤʦʞʥʦ ʣʠ ʠʣʠ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʋʌ ʠ/ʠʣʠ ʠʟʣʫʯʝʥʠʝ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʷ 

ʦʙʣʫʯʝʥʠʷ. 

ɿʘʜʘʯʘ 8. ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩʠʯʝʩʢʫʶ ʚʦʜʦʨʦʜʥʫʶ ʷʯʝʡʢʫ ʩ ʧʦʨʠʩʪʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʊʘʢʠʝ ʵʣʝʢʪʨʦʜʳ 

ʧʨʦʥʠʮʘʝʤʳ ʜʣʷ ʛʘʟʦʚ, ʘ ʢʘʪʦʜ ʪʘʢʞʝ ʠ ʜʣʷ ʞʠʜʢʦʡ ʚʦʜʳ. ʅʘ ʢʘʪʦʜ ʧʦʜʘʸʪʩʷ ʢʠʩʣʦʨʦʜ, ʘ 

ʥʘ ʘʥʦʜ ï ʚʦʜʦʨʦʜ, ʘ ʦʙʨʘʟʫʶʱʘʷʩʷ ʚʦʜʘ ʚʳʚʦʜʠʪʩʷ ʠʟ ʢʘʪʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʨʘʟʜʝʣʝʥʦ ʤʝʤʙʨʘʥʦʡ, ʢʦʪʦʨʘʷ ʧʨʦʥʠʮʘʝʤʘ ʪʦʣʴʢʦ ʜʣʷ 

ʠʦʥʦʚ H+, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʧʨʦʚʦʜʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʊʘʢʦʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ 

ʜʦʚʦʣʴʥʦ ʵʬʬʝʢʪʠʚʝʥ, ʧʦʩʢʦʣʴʢʫ ʥʝʪ ʥʠʢʘʢʠʭ ʠʥʳʭ ʧʫʪʝʡ ʜʣʷ ʨʝʘʢʮʠʠ ʚʦʜʦʨʦʜʘ ʩ 

ʢʠʩʣʦʨʦʜʦʤ ʧʦʤʠʤʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʵʣʝʢʪʨʦʜʳ ʠ ʦʙʤʝʥʘ H+ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚʩʝ ʛʘʟʳ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʠʜʝʘʣʴʥʳʝ. ʇʨʠʤʝʤ ʪʘʢʞʝ ʚ ʵʪʦʡ ʟʘʜʘʯʝ, ʯʪʦ 

ʩʪʘʥʜʘʨʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʚʥʘ 298 K ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʜʘʚʣʝʥʠʝ 1 ʙʘʨ. 

8.1 ʆʧʨʝʜʝʣʠʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʣʝʢʪʨʦʜʚʠʞʫʱʫʶ ʩʠʣʫ (ʕɼʉ) ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʧʨʠ 298 ʂ, ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 1 ʙʘʨ ʠ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ 

1 ʙʘʨ. ʉʯʠʪʘʡʪʝ ʦʙʨʘʟʫʶʱʫʶʩʷ ʚʦʜʫ ʞʠʜʢʦʡ. 

8.2 ʆʧʨʝʜʝʣʠʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʕɼʉ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʨʘʙʦʪʘʶʱʝʛʦ 

ʧʨʠ 298 ʂ, ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 1 ʙʘʨ ʠ ʜʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ 1 ʙʘʨ. ʉʯʠʪʘʡʪʝ 

ʦʙʨʘʟʫʶʱʫʶʩʷ ʚʦʜʫ ʛʘʟʦʦʙʨʘʟʥʦʡ. 

8.3 ʈʘʩʩʯʠʪʘʡʪʝ ʠʜʝʘʣʴʥʫʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (ʂʇɼ) ʪʦʧʣʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʚʦʧʨʦʩʘʭ ʧʨʠ (ʘ) ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 298 

ʂ ʠ (ʙ) ʧʨʠ 373 ʂ (ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ, ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʣʠ ʠʜʝʘʣʴʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʢ ʪʝʧʣʦʚʦʤʫ 
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ʵʬʬʝʢʪʫ ʨʝʘʢʮʠʠ). ʇʨʝʥʝʙʨʝʛʠʪʝ ʟʘʚʠʩʠʤʦʩʪʴʶ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ ʚʩʝʭ ʨʘʩʯʝʪʘʭ.  

ʄʦʞʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʜʦʙʝʥ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ, ʥʦ 

ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʙʫʪʘʥʝ ʠ ʢʠʩʣʦʨʦʜʝ. 

8.4 ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʘʪʦʜʥʦʡ ʧʦʣʫʨʝʘʢʮʠʠ ʠ ʘʥʦʜʥʦʡ ʧʦʣʫʨʝʘʢʮʠʠ. 

8.5 ɺʳʯʠʩʣʠʪʝ ʕɼʉ ʜʣʷ ʙʫʪʘʥ-ʢʠʩʣʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʣʦʞʠʪʝ, ʯʪʦ ʙʫʪʘʥ 

ʧʦʩʪʫʧʘʝʪ ʢ ʵʣʝʢʪʨʦʜʘʤ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ 1 ʙʘʨ ʠ, ʯʪʦ ʦʥ 

ʨʝʘʛʠʨʫʝʪ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʜʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʨʘʚʥʦ 1 ʙʘʨ. ʉʯʠʪʘʡʪʝ ʦʙʨʘʟʫʶʱʫʶʩʷ 

ʚʦʜʫ ʞʠʜʢʦʡ. 

8.6 ʈʘʩʩʯʠʪʘʡʪʝ ʠʜʝʘʣʴʥʫʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʪʘʥʦʚʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʫʪʘʥʦʚʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪ ʵʣʝʢʪʨʦʣʠʪ 

ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʦʜʷʱʝʛʦ ʦʢʩʠʜʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʫʨʝʘʢʮʠʠ:  

O2 + 4 eī Ÿ 2 O2ī 

4 CO2 + 5 H2O + 26 eī Ÿ C4H10 + 13 O2ī 

8.7 ʆʧʨʝʜʝʣʠʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʕɼʉ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ɻ ʣʝʤʝʥʪʘ ʩ ʦʢʩʠʜʥʳʤ 

ʵʣʝʢʪʨʦʣʠʪʦʤ.  

ɽʱ  yʦʜʠʥ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʟʘ ʩʯʝʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʩʛʦʨʘʥʠʷ ʤʝʪʘʥʦʣʘ. 

ʕɼʉ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 298 ʂ ʨʘʚʥʘ 1.21 ɺ, ʘ ʧʨʠ 373 ʂ ʥʘ 10 

ʤɺ ʤʝʥʴʰʝ.  

8.8 ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʘʪʦʜʥʦʡ ʧʦʣʫʨʝʘʢʮʠʠ ʠ ʘʥʦʜʥʦʡ ʧʦʣʫʨʝʘʢʮʠʠ. ʅʘʧʠʰʠʪʝ 

ʩʫʤʤʘʨʥʫʶ ʨʝʘʢʮʠʶ, ʧʨʦʪʝʢʘʶʱʫʶ ʚ ʤʝʪʘʥʦʣʴʥʦʤ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ. 

8.9 ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ ʜʣʷ ʕɼʉ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. ɺʳʙʝʨʠʪʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʩʪʘʥʜʘʨʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ. 

8.10 ɺʳʯʠʩʣʠʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʘʣʴʧʠʶ ʠ ʵʥʪʨʦʧʠʶ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ 

ʤʝʪʘʥʦʣʴʥʦʤ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ ʧʨʠʚʝʜʝʥʥʫʶ ʜʣʷ ʥʘʠʤʝʥʴʰʠʭ ʮʝʣʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ.  

ʇʦʜʩʢʘʟʢʘ: ʀʩʧʦʣʴʟʫʡʪʝ ʫʨʘʚʥʝʥʠʝ ɺʘʥʪ-ɻʦʬʬʘ. 

ʅʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ: 

ȹfHÁ(H2O(l)) = ī286 ʢɼʞ ʤʦʣʴī1 

ȹfHÁ(H2O(g)) = ī242 ʢɼʞ ʤʦʣʴī1 

ȹfHÁ(CO2(g)) = ī393 ʢɼʞ ʤʦʣʴī1 

ȹfHÁ(C4H10(g)) = ī126 ʢɼʞ ʤʦʣʴī1 

SÁ(H2O(l)) = 70 ɼʞ Kī1 ʤʦʣʴī1 

SÁ(H2O(g)) = 189 ɼʞ Kī1 ʤʦʣʴī1 

SÁ(H2(g)) = 131 ɼʞ Kī1 ʤʦʣʴī1 

SÁ(O2(g)) = 205 ɼʞ Kī1 ʤʦʣʴī1 

SÁ(C(s)) = 6 ɼʞ Kī1 ʤʦʣʴī1 

SÁ(CO2(g)) = 214 ɼʞ Kī1 ʤʦʣʴī1 

ȹfGÁ(C4H10(g)) = ī17 ʢɼʞ ʤʦʣʴī1 

ɿʘʜʘʯʘ 9. ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʚ ʢʨʦʚʠ 

ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʡ ʛʦʤʝʦʩʪʘʟ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʩʪʨʦʛʦ ʨʝʛʫʣʠʨʫʝʤʳʭ ʩʠʩʪʝʤ ʚ 

ʞʠʚʦʤ ʦʨʛʘʥʠʟʤʝ. ʇʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʢʨʦʚʠ ʙʫʬʝʨʥʳʝ ʩʠʩʪʝʤʳ ʦʪʚʝʯʘʶʪ ʟʘ 
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ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʝʣʠʯʠʥʳ ʨʅ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʙʫʬʝʨʦʚ 

ʷʚʣʷʝʪʩʷ ʙʠʢʘʨʙʦʥʘʪʥʳʡ, ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʨʝʛʫʣʠʨʫʶʪʩʷ ʣʝʛʢʠʤʠ ʠ 

ʧʦʯʢʘʤʠ. 

9.1 ɿʘ ʜʝʥʴ ʚ ʢʨʦʚʴ ʦʙʲʝʤʦʤ 6 ʜʤ3 ʠʟ ʦʨʛʘʥʠʟʤʘ ʧʦʩʪʫʧʘʝʪ ʧʨʠʤʝʨʥʦ 60 ʤʤʦʣʴ ʢʠʩʣʦʪ. 

ɼʣ ̫ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʦʪʨʠʤ ʙʫʬʝʨ ʢʨʦʚʠ ʢʘʢ ʟʘʢʨʳʪʫʶ ʩʠʩʪʝʤʫ, ʩʦʜʝʨʞʘʱʫʶ ʪʦʣʴʢʦ 

ʙʠʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ ʩ pH = 7.4. ʇʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ CO2 ʨʘʚʥʦ p(CO2) = 5.3 ʢʇʘ. 

ʈʘʩʩʯʠʪʘʡʪʝ pH ʢʨʦʚʠ ʧʨʠ 37 ÁC, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʫʢʘʟʘʥʥʦʝ ʚʳʝh ʧʦʩʪʫʧʣʝʥʠʝ 

ʢʠʩʣʦʪ ʟʘʙʫʬʝʨʠʨʦʚʘʥʦ ʙʠʢʘʨʙʦʥʘʪʥʳʤ ʙʫʬʝʨʦʤ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ.  

9.2 ʆʜʥʘʢʦ, ʢʨʦʚʴ ʛʦʨʘʟʜʦ ʧʨʘʚʠʣʴʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʪʢʨʳʪʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ 

ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ CO2 ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʟʘ ʩʯʝʪ ʜʳʭʘʥʠʷ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʝʯʥʦʝ pH ʙʠʢʘʨʙʦʥʘʪʥʦʛʦ ʙʫʬʝʨʘ ʜʣʷ ʫʩʣʦʚʠʡ ʠʟ ʧʫʥʢʪʘ 9.1, ʧʨʠʥʷʚ 

ʪʦʣʴʢʦ, ʯʪʦ p(CO2) ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʠʩʣʦʪ. ʇʦʧʘʜʘʝʪ ʣʠ ʧʦʣʫʯʝʥʥʦʝ 

ʚʘʤʠ ʟʥʘʯʝʥʠʝ ʨʅ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ? ʂʨʘʪʢʦ ʧʦʷʩʥʠʪʝ. 

9.3 ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʡ ʥʘ ʩʝʨʜʮʝ ʧʘʮʠʝʥʪʦʚ ʦʭʣʘʞʜʘʶʪ ʜʦ ʛʠʧʦʪʝʨʤʠʠ, 

ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʟʘʤʝʜʣʠʪʴ ʠʭ ʤʝʪʘʙʦʣʠʟʤ. 

ɺʳʯʠʩʣʠʪʝ pH ʧʨʠ 20 Á C (ʚ ʫʩʣʦʚʠʷʭ ʦʭʣʘʞʜʝʥʠʷ), ʫʯʠʪʳʚʘʷ, ʯʪʦ p(CO2) ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʠʢʘʨʙʦʥʘʪʘ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 

ɺʘʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʅ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʝʛʦ 

ʚʣʠʷʥʠʝʤ ʥʘ ʜʨʫʛʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʥʦʩ ʢʠʩʣʦʨʦʜʘ 

ʵʨʠʪʨʦʮʠʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʛʝʤʦʛʣʦʙʠʥ. ɻʝʤʦʛʣʦʙʠʥ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʦʝ ʩʨʦʜʩʪʚʦ ʢ 

ʢʠʩʣʦʨʦʜʫ ʚ ʪʢʘʥʷʭ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʨʅ. 

9.4 ɺʦ ʚʨʝʤʷ ʬʠʟʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ pH ʚ ʤʳʰʮʘʭ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟ-ʟʘ ʘʥʘʵʨʦʙʥʦʛʦ 

ʤʝʪʘʙʦʣʠʟʤʘ. ɺ ʣʝʛʢʠʭ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, CO2 ʫʜʘʣʷʝʪʩʷ ʠʟ ʢʨʦʚʦʪʦʢʘ. ʂʘʢ ʵʪʠ 

ʧʨʦʮʝʩʩʳ ʚʣʠʷʶʪ ʥʘ ʧʝʨʝʥʦʩ ʢʠʩʣʦʨʦʜʘ ʛʝʤʦʛʣʦʙʠʥʦʤ? 

 

ɼʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ: 

ʂʦʥʩʪʘʥʪʘ ʜʠʩʩʦʮʠʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ: pKa (37 ÁC) = 6.1, pKa (25 ÁC) = 6.35 

ʕʥʪʘʣʴʧʠʷ ʠʩʧʘʨʝʥʠʷ: ȹHʠʩʧ(CO2, ʢʨʦʚʴ) = 19.95 ʢɼʞ ʤʦʣʴī1 

ʂʦʥʩʪʘʥʪʘ ɻʝʥʨʠ ʜʣʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ CO2 ʚ ʢʨʦʚʠ ʧʨʠ 37 ÁC: Hcp(CO2, 37 ÁC, ʢʨʦʚʴ) = 2.3 Ĭ 

10ī4 ʤʦʣʴ ʤī3 ʇʘī1  

ʉʯʠʪʘʡʪʝ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ [H2CO3] = 0. 

ɿʘʜʘʯʘ 10. ʀʦʥʦʦʙʤʝʥʥʘʷ ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʠʪʘ 

ʀʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ, ʯʘʩʪʦ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ 

ʛʨʘʥʫʣ, ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʢ ʠʦʥʥʦʤʫ ʦʙʤʝʥʫ. 

ʀʦʥʠʪ ʩʚʷʟʳʚʘʝʪ ʠʦʥr ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʜʨʫʛʠʭ ʠʦʥʦʚ. 

ʅʘʧʨʠʤʝʨ, ʩʚʷʟʳʚʘʥʠʝ ʢʘʪʠʦʥʦʚ ʠʟ ʧʨʦʙʳ ʤʦʨʩʢʦʡ ʚʦʜʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʪʦʥʦʚ, ʠʟʥʘʯʘʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʩʫʣʴʬʦʛʨʫʧʧʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʪʠʦʥʠʪ, ʠʤʝʥʫʝʤʳʡ catex A. ʇʦʩʢʦʣʴʢʫ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ n ʚʝʣʠʢʘ, ʚ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʢʦʥʮʝʚʳʤʠ ʛʨʫʧʧʘʤʠ. 
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ʉʪʨʫʢʪʫʨʘ catex A. 

10.1 ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʩʝʨʳ ʠ ʫʛʣʝʨʦʜʘ ʚ ʠʦʥʠʪʝ. 

10.2 ʈʘʩʩʯʠʪʘʡʪʝ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʠʦʥʦʦʙʤʝʥʥʫʶ ʝʤʢʦʩʪʴ Qm ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʜʣʷ SO3H ʛʨʫʧʧ 

(ʩʠʣʴʥʳʡ catex) ʠ COOH ʛʨʫʧʧ (ʩʣʘʙʳʡ catex) ʚ ʤʤʦʣʴ ʛī1 ʩʫʭʦʛʦ catex. 

10.3 ʅʘʡʜʠʪʝ ʦʙʱʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʠʦʥʦʦʙʤʝʥʥʫʶ ʝʤʢʦʩʪʴ, Qm,total, ʚ ʤʤʦʣʴ ʛī1. 

ʏʘʩʪʦ ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ ʥʘʙʫʭʘʶʪ ʧʨʠ ʛʠʜʨʘʪʘʮʠʠ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ ʦʙʲʝʤ ʛʨʘʥʫʣ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʠʟ-ʟʘ ʛʠʜʨʘʪʘʮʠʠ ʚʳʩʦʢʦʧʦʣʷʨʥʳʭ ʠʦʥʦʦʙʤʝʥʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. 

10.4 ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʱʫʶ ʠʦʥʦʦʙʤʝʥʥʫʶ ʝʤʢʦʩʪʴ ʥʘʙʫʭʰʝʡ ʩʤʦʣʳ, QV,total, ʚ ʤʤʦʣʴ ʩʤī3. 

ʆʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʧʫʩʪʦʪ ʢ ʦʙʱʝʤʫ ʦʙʲʝʤʫ Ů = 0,48, ʧʣʦʪʥʦʩʪʴ ʥʘʙʫʭʰʝʛʦ ʠʦʥʠʪʘ ɟ = 

1,28 ʛ ʩʤī3, ʘ ʤʘʩʩʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʚʦʜʳ ʢ ʩʤʦʣʝ w = 0,45. 

ɿʘʜʘʯʘ 11. ʉʣʘʙʳʝ ʠ ʩʠʣʴʥʳʝ ʢʘʪʠʦʥʠʪʳ 

ʆʙʱʘʷ ʠʦʥʦʦʙʤʝʥʥʘʷ ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʠʪʘ catex ɺ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘʙʫʭʰʠʡ ʩatex ʦʙʲʝʤʦʤ 4 ʩʤ3 ʦʙʨʘʙʦʪʘʣʠ ʠʟʙʳʪʢʦʤ ʨʘʩʪʚʦʨʘ 

ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʤʦʣʫ ʩ ʢʘʪʠʦʥʘʤʠ ʥʘʪʨʠʷ ʚʦ ʚʩʝʭ ʩʘʡʪʘʭ ʢʘʪʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ. ɼʘʣʝʝ, ʚʩʝ ʠʟʙʳʪʦʯʥʳʝ ʢʘʪʠʦʥʳ ʥʘʪʨʠʷ ʫʜʘʣʠʣʠ ʧʨʦʤʳʚʘʥʠʝʤ ʩʤʦʣʳ ʚʦʜʦʡ. 

ɿʘʪʝʤ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʩ ʠʦʥʠʪʦʤ ʧʨʦʧʫʩʪʠʣʠ ʨʘʩʪʚʦʨ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʘ ʚʝʩʴ ʚʳʭʦʜʷʱʠʡ 

ʧʦʪʦʢ ʩʦʙʨʘʣʠ ʚ ʤʝʨʥʦʡ ʢʦʣʙʝ ʝʤʢʦʩʪʴʶ 1000 ʩʤ3 ʠ ʜʦʚʝʣʠ ʚʦʜʦʡ ʜʦ ʤʝʪʢʠ (ʨʘʩʪʚʦʨ ɸ). 

ɺʦ ʚʨʝʤʷ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʠʦʥʳ H+ ʩʚʷʟʘʣʠʩʴ ʩʦ ʚʩʝʤʠ ʩʣʘʙʳʤʠ ʩʘʡʪʘʤʠ ʦʙʤʝʥʘ ʠ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʩʠʣʴʥʳʤʠ. ɿʘʪʝʤ ʢʦʣʦʥʢʫ ʧʨʦʤʳʣʠ ʚʦʜʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ. ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʯʝʨʝʟ ʢʦʣʦʥʢʫ ʧʨʦʧʫʩʪʠʣʠ ʥʝʡʪʨʘʣʴʥʳʡ ʨʘʩʪʚʦʨ MgSO4, 

ʘ ʚʝʩʴ ʚʳʭʦʜʷʱʠʡ ʧʦʪʦʢ ʩʦʙʨʘʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 500 ʩʤ3 ʠ ʜʦʚʝʣʠ ʚʦʜʦʡ ʜʦ 

ʤʝʪʢʠ (ʨʘʩʪʚʦʨ B). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʦʥʳ Mg2+ ʦʢʘʟʘʣʠʩʴ ʩʚʷʟʘʥʥʳʤʠ ʩʦ ʚʩʝʤʠ ʩʠʣʴʥʳʤʠ 

ʩʘʡʪʘʤʠ ʦʙʤʝʥʘ. 

 
ʉʪʨʫʢʪʫʨʘ ʠʦʥʠʪʘ catex B (R = H, COOH, SO3H). 

ʂʦʣʠʯʝʩʪʚʦ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ ʚ 100 ʩʤ3 ʨʘʩʪʚʦʨʘ A ʦʧʨʝʜʝʣʷʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʪʨʠʝʚʦʛʦ ʠʦʥ-ʩʝʣʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʀʉʕ); ʠʟʤʝʨʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʩʦʩʪʘʚʠʣ E1 = ī0,2313 ɺ, ʪʦʛʜʘ ʢʘʢ ʧʦʪʝʥʮʠʘʣ ʪʦʛʦ ʞʝ ʵʣʝʢʪʨʦʜʘ ʚ ʨʘʩʪʚʦʨʘʭ ʩ c(Na+) = 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ / ʉʃʆɺɸʂʀʗ ʠ ʏɽʍʀʗ, 2018 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʪʫʨ www.50icho.eu  25 

 
 

10,0 ʤʤʦʣʴ ʜʤī3 ʠ c(Na+) = 0,100 ʤʤʦʣʴ ʜʤī3 ʙʳʣ E2 = ī0,2283 ɺ ʠ E3 = ī0,3466 ɺ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʣʠʯʝʩʪʚʦ ʢʘʪʠʦʥʦʚ ʥʘʪʨʠʷ ʚ 100 ʩʤ3 ʨʘʩʪʚʦʨʘ B ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ 

ʤʝʪʦʜʠʢʝ. ʇʦʪʝʥʮʠʘʣ ʀʉʕ ʚ ʨʘʩʪʚʦʨʝ B ʩʦʩʪʘʚʠʣ E4 = ī0,2534 ɺ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʧʨʦʪʦʥʦʚ 

ʚ 100 ʩʤ3 ʨʘʩʪʚʦʨʘ B ʦʧʨʝʜʝʣʷʣʠ ʪʠʪʨʦʚʘʥʠʝʤ. ɼʦʙʘʚʣʝʥʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ 

ʥʘʪʨʠʷ ʩ c = 0,1000 ʤʦʣʴ ʜʤī3 ʚ ʪʦʯʢʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 12,50 ʩʤ3.  

ʀʟʤʝʨʝʥʠʝ ʚʩʝʭ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 298 K. 

ɿʘʤʝʯʘʥʠʝ: ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʥʘʪʨʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ 

E = k + S lg[Na+], ʛʜʝ E ï ʧʦʪʝʥʮʠʘʣ ʀʉʕ, ʘ k ʠ S ï ʢʦʥʩʪʘʥʪʳ. 

11.1 ʈʘʩʩʯʠʪʘʡʪʝ ʠʦʥʦʦʙʤʝʥʥʫʶ ʝʤʢʦʩʪʴ ʩʤʦʣʳ catex, QV, ʦʪʚʝʯʘʶʱʫʶ ʢʘʨʙʦʢʩʠʣʴʥʳʤ ʠ 

ʩʫʣʴʬʦʛʨʫʧʧʘʤ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʆʪʚʝʪ ʜʘʡʪʝ ʚ ʝʜʠʥʠʮʘʭ ʤʤʦʣʴ ʩʤī3. 

11.2 ʈʘʩʩʯʠʪʘʡʪʝ ʠʦʥʦʦʙʤʝʥʥʫʶ ʝʤʢʦʩʪʴ, QV,total, ʚ ʤʤʦʣʴ ʩʤī3. 

ɿʘʜʘʯʘ 12: ʕʢʩʪʨʘʢʮʠʷ ʫʨʘʥʠʣʘ 

ɹʠʩ(2-ʵʪʠʣʛʝʢʩʠʣ) ʬʦʩʬʘʪ ʚʦʜʦʨʦʜʘ (ʜʠ-(2-ʵʪʠʣʛʝʢʩʠʣ)ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ, DEHPA) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʫʨʘʥʠʣ-ʠʦʥʦʚ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ. ʊʘʢʘʷ ʵʢʩʪʨʘʢʮʠʷ ʠʟ ʚʦʜʳ ʚ ʢʝʨʦʩʠʥ ʠʟʚʝʩʪʥʘ ʢʘʢ ñDapex processò . 

DEHPA (HA): 

¶ ʉʣʘʙʘʷ ʢʠʩʣʦʪʘ, ʢʦʪʦʨʘʷ ʯʘʩʪʠʯʥʦ ʜʠʩʩʦʮʠʠʨʫʝʪ ʚ ʚʦʜʝ ʩ ʢʦʥʩʪʘʥʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ: 

 

¶ ʕʢʩʪʨʘʛʠʨʫʝʪʩʷ ʚ ʢʝʨʦʩʠʥ ʩ ʢʦʥʩʪʘʥʪʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

  

¶ ʆʙʨʘʟʫʝʪ ʜʠʤʝʨʳ, ʩʚʷʟʘʥʥʳʝ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʚ ʥʝʧʦʣʷʨʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʩ 

ʢʦʥʩʪʘʥʪʦʡ ʜʠʤʝʨʠʟʘʮʠʠ 

   

¶ ɼʠʩʩʦʮʠʠʨʫʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʙʨʘʟʫʝʪ ʥʝʡʪʨʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʫʨʘʥʠʣʦʤ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 2:1 (ʇʨʠʤʝʯʘʥʠʝ: ɺ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩʪʨʫʢʪʫʨʘ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ). 

   

ʕʪʦ ʥʝʡʪʨʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ɻ ʢʩʪʨʘʛʠʨʫʝʪʩʷ ʚ ʢʝʨʦʩʠʥ ʩ ʢʦʥʩʪʘʥʪʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  

  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ: 

¶ ʂʦʥʮʝʥʪʨʘʮʠʷ DEHPA ʧʝʨʝʜ ʵʢʩʪʨʘʢʮʠʝʡ cHA,org,0 = 0.500 ʤʦʣʴ ʜʤī3 ʠ cHA,aq,0 = 

0.000 ʤʦʣʴ ʜʤ ī3 

¶ ὧ Ḻὧ , ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʢʦʥʮʝʥʪʨʘʮʠʝʡ UO2A2 ʚ ʤʘʪʝʨʠʘʣʴʥʦʤ 

ʙʘʣʘʥʩʝ HA ʢʘʢ ʚ ʚʦʜʥʦʡ, ʪʘʢ ʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʘʭ. 

¶ ʆʪʥʦʰʝʥʠʝ ʦʙʲʝʤʦʚ Vorg/Vaq = 1.00. 

ʋʨʘʥʠʣ-ʠʦʥʳ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ: 
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ʇʨʠʤʝʯʘʥʠʝ: ɼʣ ̫ ʷʩʥʦʩʪʠ ʢʚʘʜʨʘʪʥʳʝ 

ʩʢʦʙʢʠ, ʦʙʦʟʥʘʯʘʶʱʠʝ ʢʦʤʧʣʝʢʩʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʠ ʦʧʫʱʝʥʳ ʚ ʯʠʩʣʠʪʝʣʝ.  

ɼʝʩʷʪʠʯʥʳʝ ʣʦʛʘʨʠʬʤʳ ʦʙʱʠʭ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ: log ɓ1 = 10.5, log ɓ2 = 21.2, log ɓ3 = 

28.1, log ɓ4 = 31.5. 

12.1 ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʝʧʝʥʴ ʵʢʩʪʨʘʢʮʠʠ ʫʨʘʥʠʣ-ʠʦʥʦʚ, ʝʩʣʠ pH ʚʦʜʥʦʡ ʬʘʟʳ ʧʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʨʘʚʝʥ 1.7.  

ʇʦʜʩʢʘʟʢʘ: ʉʥʘʯʘʣʘ ʚʳʯʠʩʣʠʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ DEHPA ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʧʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩ ʚʦʜʥʦʡ ʬʘʟʦʡ, ʪ.ʝ. ʨʘʩʩʯʠʪʘʡʪʝ [HA]org. ɼʣ ̫ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʡʪʝ ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ HA. ʈʘʩʩʤʦʪʨʠʪʝ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ DEHPA ʢʘʢ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʪʘʢ ʠ ʚʦʜʥʦʡ ʬʘʟʘʭ. 

12.2 ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʝʧʝʥʴ ʵʢʩʪʨʘʢʮʠʠ ʫʨʘʥʠʣ-ʠʦʥʦʚ ʝʩʣʠ pH ʚʦʜʥʦʡ ʬʘʟʳ ʧʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʨʘʚʝʥ 10.3. 

ʇʦʜʩʢʘʟʢʘ: ʀʩʧʦʣʴʟʫʡʪʝ ʧʨʦʮʝʜʫʨʫ, ʦʧʠʩʘʥʥʫʶ ʚ 12.1. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʡʪʝ ʪʦʣʴʢʦ ʫʧʦʤʷʥʫʪʳʝ ʚ ʵʪʦʡ ʟʘʜʘʯʝ ʨʘʚʥʦʚʝʩʠʷ. 

ɿʘʜʘʯʘ 13. ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʘ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʘʭ 

ɹʦʣʴʰʠʥʩʪʚʦ ʯʝʰʩʢʠʭ ʠ ʩʣʦʚʘʮʢʠʭ ʦʪʙʝʣʠʚʘʶʱʠʭ ʠ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ 

ʜʝʣʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʥʘʟʳʚʘʝʤʦʛʦ ñSAVOò. ʂʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʪʦʚ, ʩʭʦʞʠʭ ʩ SAVO, ʦʙʳʯʥʦ ʚʳʨʘʞʘʶʪ ʩ ʧʦʤʦʱʴʶ ʩʦʜʝʨʞʘʥʠʷ ʘʢʪʠʚʥʦʛʦ (ʠʣʠ 

ʩʚʦʙʦʜʥʦʛʦ) ʭʣʦʨʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʘ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢ 

ʦʙʨʘʟʮʫ ʠʟʙʳʪʢʘ ʠʦʜʠʜʘ ʢʘʣʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʪʠʪʨʦʚʘʥʠʷ ʚʳʜʝʣʠʚʰʝʛʦʩʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʦʜʘ ʨʘʩʪʚʦʨʦʤ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ.  

13.1 ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʢʮʠʶ (i) ʤʝʞʜʫ ʭʣʦʨʦʤ ʠ ʚʦʜʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʱʝʩʪʚ A ʠ B ʠ 

ʨʝʘʢʮʠʶ (ii) ʤʝʞʜʫ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʠ ʚʦʜʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʱʝʩʪʚ A ʠ C. 

ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʜʚʫʭ ʫʢʘʟʘʥʥʳʭ ʨʝʘʢʮʠʡ. ʂʘʢʘʷ ʬʦʨʤʘ A ʙʫʜʝʪ ʧʨʝʦʙʣʘʜʘʪʴ ʚ 

ʱʝʣʦʯʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ? 

13.2 ʂʦʤʤʝʨʯʝʩʢʠʡ ʨʘʩʪʚʦʨ SAVO ʩʦʜʝʨʞʠʪ 22.4 ʛ ʜʤī3 ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʘ. ʏʝʤʫ ʨʘʚʥʘ 

ʤʦʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʝ SAVO? 

13.3 ɼʣ ̫ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʘʣʠʢʚʦʪʫ ʦʙʲʝʤʦʤ 10.00 ʩʤ3 

ʨʘʩʪʚʦʨʘ SAVO (ʧʣʦʪʥʦʩʪʴ 1.070 ʛ ʩʤī3) ʧʦʤʝʩʪʠʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 250 ʩʤ3, 

ʨʘʟʙʘʚʠʣʠ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʣʠ. ɸʣʠʢʚʦʪʫ 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʦʙʲʝʤʦʤ 10.00 ʩʤ3 ʧʦʤʝʩʪʠʣʠ ʚ ʢʦʣʙʫ ʜʣʷ ʪʠʪʨʦʚʘʥʠʷ ʠ 

ʜʦʙʘʚʠʣʠ ʧʨʠʤʝʨʥʦ 50 ʩʤ3 ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢ ʨʘʩʪʚʦʨʫ 5 ʛ 

ʠʦʜʠʜʘ ʢʘʣʠʷ ʚʳʜʝʣʠʚʰʠʡʩʷ ʠʦʜ ʦʪʪʠʪʨʦʚʘʣʠ. ʅʘ ʪʠʪʨʦʚʘʥʠʝ ʙʳʣʦ ʟʘʪʨʘʯʝʥʦ 10.15 

ʩʤ3 0.0503 ʤʦʣʴ ʜʤī3 ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ ʠʩʭʦʜʥʦʤ ʘʥʘʣʠʟʠʨʫʝʤʦʤ 

ʨʘʩʪʚʦʨʝ SAVO. 

ɿʘʜʘʯʘ 14. ʍʠʤʠʯʝʩʢʠʝ ɻ ʣʝʤʝʥʪʳ ʚ ʬʝʡʝʨʚʝʨʢʘʭ 
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ɺ ʢʘʯʝʩʪʚʝ ʛʦʨʶʯʝʛʦ, ʦʢʠʩʣʠʪʝʣʷ ʠʣʠ ʜʦʙʘʚʦʢ ʚ ʩʦʩʪʘʚʝ ʬʝʡʝʨʚʝʨʢʦʚ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʩʣʘʙʦʚʟʨʳʚʯʘʪʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ʏʘʱʝ ʚʩʝʛʦ ʛʦʨʶʯʝʝ ʩʦʩʪʦʠʪ ʠʟ ʧʦʨʦʰʢʘ 

ʤʝʪʘʣʣʘ ʠʣʠ ʥʝʤʝʪʘʣʣʘ ʠ ʪʠʧʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʝʨʭʣʦʨʘʪʳ, ʭʣʦʨʘʪʳ ʠ ʥʠʪʨʘʪʳ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʱʝʣʦʯʥʳʭ, 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʠʣʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ.  

14.1 ʇʦʷʩʥʠʪʝ ʧʨʠʥʮʠʧ ʧʣʘʤʝʥʥʦʛʦ ʪʝʩʪʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʦʥʦʚ ʥʘʪʨʠʷ, ʙʘʨʠʷ ʠ ʣʠʪʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʂʘʢʦʡ ʮʚʝʪ ʧʣʘʤʝʥʠ ʘʩʩʦʮʠʠʨʫʝʪʩʷ 

ʩ ʢʘʞʜʳʤ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ? 

ʀʦʥʳ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ 

ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ ʩ EDTA, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʡ ʢʠʩʣʦʪʦʡ ʩ pKa1 = 

2.00, pKa2 = 2.67, pKa3 = 6.16 pKa4 = 10.26. 

14.2 ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʣʣïEDTA. ɺ ʢʘʢʦʡ ʬʦʨʤʝ EDTA ʙʫʜʝʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʨʘʩʪʚʦʨʝ ʩ pH = 10 ʧʨʠ ʩʫʤʤʘʨʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚʩʝʭ ʬʦʨʤ 

ʧʨʝʚʳʰʘʶʱʝʡ 0.5%? 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʩ ʧʦʤʦʱʴʶ EDTA ʯʘʩʪʦ ʧʨʦʚʦʜʷʪ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʤʠʘʯʥʦʛʦ ʙʫʬʝʨʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ pH ʨʘʩʪʚʦʨʘ ʦʢʦʣʦ 10. 

14.3 ʂʘʢʦʡ ʩʦʩʪʘʚ ʠʤʝʝʪ ʘʤʤʠʘʯʥʳʡ ʙʫʬʝʨ? ʂʘʢʦʚʘ ʨʦʣʴ ʱʝʣʦʯʥʦʡ ʩʨʝʜʳ ʚ ʫʢʘʟʘʥʥʦʤ 

ʘʥʘʣʠʟʝ? 

ɻʦʨʶʯʘʷ ʩʤʝʩʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʬʝʡʝʨʚʝʨʢʘʭ (ʩʦʜʝʨʞʘʱʘʷ ʠʦʥʳ ʮʠʥʢʘ, ʤʘʛʥʠʷ ʠ ʩʚʠʥʮʘ, 

ʠ ʥʝ ʩʦʜʝʨʞʘʱʘʷ ʜʨʫʛʠʭ ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ), ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚ ʪʨʠ ʩʪʘʜʠʠ:  

i. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʙʨʘʟʝʮ ʤʘʩʩʦʡ 0.8472 ʛ ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʠ ʢ ʨʘʩʪʚʦʨʫ ʙʳʣ 

ʜʦʙʘʚʣʝʥ ʠʟʙʳʪʦʢ ʮʠʘʥʠʜʘ ʜʣʷ ʤʘʩʢʠʨʦʚʢʠ ʮʠʥʢʘ ʚ ʨʘʩʪʚʦʨʝ. ʈʘʩʪʚʦʨ ʙʳʣ 

ʦʪʪʠʪʨʦʚʘʥ, ʥʘ ʯʪʦ ʧʦʪʨʝʙʦʚʘʣʦʩʴ V1 = 35.90 ʩʤ3 0.01983 ʤʦʣʴ ʜʤī3 ʨʘʩʪʚʦʨʘ EDTA.  

ii. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʙʳʣ ʜʦʙʘʚʣʝʥ 2,3-ʜʠʩʫʣʴʬʘʥʠʣʧʨʦʧʘʥʦʣ-1 (DMP) ʠ 

ʚʳʜʝʣʠʚʰʘʷʩʷ EDTA ʙʳʣʘ ʦʪʪʠʪʨʦʚʘʥʘ 12.80 ʩʤ3 of 0.01087 ʤʦʣʴ ʜʤī3 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ Mg2+. 

iii. ʅʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʙʳʣ ʜʦʙʘʚʣʝʥ ʬʦʨʤʘʣʴʜʝʛʠʜ ʜʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʠʦʥʦʚ ʮʠʥʢʘ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʪʠʪʨʦʚʘʥʳ V2 = 24.10 ʩʤ3 0.01983 ʤʦʣʴ ʜʤī3 ʨʘʩʪʚʦʨʘ EDTA. 

14.4 ɿʘʧʠʰʠʪʝ ʜʚʘ ʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʤʘʩʢʠʨʦʚʘʥʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʠʦʥʦʚ ʮʠʥʢʘ. 

14.5 ʇʦʷʩʥʠʪʝ ʨʦʣʴ ʜʦʙʘʚʣʝʥʠʷ DMP ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ. 

14.6 ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʳ (ʚ ʤʛ) ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ ʚ 1 ʛ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ. 

14.7 ɸʣʠʢʚʦʪʫ 10.00 ʩʤ3 0.0500 ʤʦʣʴ ʜʤī3 ʨʘʩʪʚʦʨʘ Ca2+ ʩʤʝʰʘʣʠ ʩ 50.00 ʩʤ3 0.0400 ʤʦʣʴ 

ʜʤī3 ʨʘʩʪʚʦʨʘ EDTA ʚ ʤʝʨʥʦʡ ʢʦʣʙʝ ʦʙʲʝʤʦʤ 100 ʩʤ3. ʇʦʩʣʝ ʜʦʚʝʜʝʥʠʷ ʨʅ ʨʘʩʪʚʦʨʘ 

ʜʦ 6, ʨʘʩʪʚʦʨ ʙʳʣ ʨʘʟʙʘʚʣʝʥ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ʈʘʩʩʯʠʪʘʡʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ Ca2+ ʚ ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʨʘʩʪʚʦʨʝ. ɼʝʩʷʪʠʯʥʳʡ 

ʣʦʛʘʨʠʬʤ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ Ca2+ ʩ EDTA ʨʘʚʝʥ 10.61. ʈʘʩʩʤʦʪʨʠʪʝ 

ʪʦʣʴʢʦ ʫʧʦʤʷʥʫʪʳʝ ʚ ʟʘʜʘʯʝ ʨʘʚʥʦʚʝʩʠʷ. 

ɿʘʜʘʯʘ 15. ʆʢʨʘʩʢʘ ʢʦʤʧʣʝʢʩʦʚ 
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ʀʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ ʯʘʩʪʠ ʩʚʝʪʘ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʯʘʩʪʦ ʦʢʨʘʰʝʥ.r ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʩʪʳʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ 

ʧʦʛʣʦʱʝʥʠʝ ʚʳʟʚʘʥʦ d-d ʧʝʨʝʭʦʜʘʤʠ. 

 

ʂʦʤʧʣʝʢʩ ʪʠʪʘʥʘ 

ʊʠʪʘʥʦʤʝʪʨʠʷ ï ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʨʝʜʦʢʩ-ʪʠʪʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʥʝ-

ʬʠʦʣʝʪʦʚʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʪʠʪʘʥʘ(III). ʆʢʨʘʩʢʘ ʨʘʩʪʚʦʨʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʯʘʩʪʠʮʘʤʠ [Ti(H2O)6]3+. ɺ ʠʭ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 20300 ʩʤī1: 

 

15.1 ʀʟʦʙʨʘʟʠʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʩʥʦʚʥʦʛʦ ʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʡ 

[Ti(H2O)6]3+, ʟʘʚʝʨʰʠʚ ʩʭʝʤʫ ʥʠʞʝ. 

                      

15.2 ʇʨʝʜʩʢʘʞʠʪʝ ʦʢʨʘʩʢʫ ʢʦʤʧʣʝʢʩʘ, ʠʩʭʦʜʷ ʠʟ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʧʨʠ 20300 ʩʤī1.  

15.3 ɺ ʨʝʘʣʴʥʦʩʪʠ ʩʧʝʢʪʨ ʢʦʤʧʣʝʢʩʘ ʩʦʜʝʨʞʠʪ ʚʪʦʨʫʶ ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ, ʧʨʦʷʚʣʷʶʱʫʶ 

ʩʝʙʷ ʚ ʚʠʜʝ ʧʣʝʯʘ ʧʨʠ 17400 ʩʤī1. ʆʙʲʷʩʥʠʪʝ ʦʢʨʘʩʢʫ ʢʦʤʧʣʝʢʩʘ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʛʦ 

ʩʧʝʢʪʨʘ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʯʘʩʪʠʮʘ [Ti(H2O)6]3+ ʥʝ 

ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʤ ʦʢʪʘʵʜʨʦʤ. ʕʪʦ ʪʝʪʨʘʛʦʥʘʣʴʥʦ-ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ, ʫʜʣʠʥʝʥʠʝ 

ʩʚʷʟʝʡ ʚ ʢʦʪʦʨʦʤ ʚʳʟʳʚʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʱʝʧʣʝʥʠʝ d-ʦʨʙʠʪʘʣʝʡ. 

15.4 ɿʘʧʦʣʥʠʪʝ ʚ ʥʠʞʝʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʩʥʦʚʥʦʛʦ (a) ʠ 

ʚʦʟʙʫʞʜʝʥʥʳʭ (b) ʠ (c) ʩʦʩʪʦʷʥʠʡ ʢʦʤʧʣʝʢʩʘ. 
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ʂʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ 

ɺʝʱʝʩʪʚʦ K3[CoF6] ʩʣʫʞʠʪ ʨʝʜʢʠʤ ʧʨʠʤʝʨʦʤ ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʦʙʘʣʴʪʘ(III). 

ʌʪʦʨʠʨʦʚʘʥʠʝ ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ(II) ʜʘʝʪ ʬʪʦʨʠʜ ʢʦʙʘʣʴʪʘ(III) (ʨʝʘʢʮʠʷ 1). ʈʝʘʢʮʠʷ 

ʧʨʦʜʫʢʪʘ ʩ ʬʪʦʨʠʜʦʤ ʢʘʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʧʣʝʢʩʫ K3[CoF6] (ʨʝʘʢʮʠʷ 2). ʇʨʠʯʝʤ ɻ ʪʫ ʨʝʘʢʮʠʶ 

ʧʨʦʚʦʜʷʪ ʚ ʥʝʚʦʜʥʦʡ ʩʨʝʜʝ (HF), ʠʙʦ ʬʪʦʨʠʜ ʢʦʙʘʣʴʪʘ(III) ʦʢʠʩʣʷʝʪ ʚʦʜʫ (ʨʝʘʢʮʠʷ 3). 

15.5 ʇʨʠʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ (1) - (3).  

ɽʩʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʯʝʨʝʟ ʘʤʤʠʘʯʥʳʡ 

ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ(II) ʠ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ ʧʨʦʧʫʩʢʘʪʴ ʪʦʢ ʚʦʟʜʫʭʘ, ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [Co(NH3)6]Cl3. 

15.6 ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʧʨʦʪʝʢʘʶʱʝʡ ʨʝʘʢʮʠʠ. 

15.7 ʂʦʤʧʣʝʢʩ [Co(NH3)6]Cl3 ʥʦʩʠʪ ʪʨʠʚʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ ʣʶʪʝʦʭʣʦʨʠʜ. ʆʥ ʠʤʝʝʪ ʜʚʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 21050 ʠ 29400 ʩʤī1 ʚ ʙʣʠʞʥʝʡ ʋʌ ʠ ʚʠʜʠʤʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ. 

ʇʨʝʜʩʢʘʞʠʪʝ ʦʢʨʘʩʢʫ ʢʦʤʧʣʝʢʩʘ. ʂʘʢ ʦʥʘ ʩʚʷʟʘʥʘ ʩ ʪʨʠʚʠʘʣʴʥʳʤ ʥʘʟʚʘʥʠʝʤ? 

15.8 ʇʦʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʢʦʤʧʣʝʢʩ K3[CoF6] ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤ ʠ ʧʘʨʘʤʘʛʥʠʪʥʳʤ, 

ʪʦʛʜʘ ʢʘʢ [Co(NH3)6]Cl3 ï ʥʠʟʢʦʩʧʠʥʦʚʳʡ ʠ ʜʠʘʤʘʛʥʠʪʥʳʡ. 

ɺʳʩʦʢʦʩʧʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d6 ʠʤʝʶʪ ʩʧʝʢʪʨʳ ʥʘʧʦʜʦʙʠʝ ʪʘʢʦʚʳʭ ʜʣʷ 

ʢʦʥʬʠʛʫʨʘʮʠʠ d1. ʀʦʥ [CoF6]3ī ʠʤʝʝʪ ʬʦʨʤʫ ʪʝʪʨʘʛʦʥʘʣʴʥʦ ʠʩʢʘʞʝʥʥʦʛʦ ʦʢʪʘʵʜʨʘ.  

15.9 ʀʟʦʙʨʘʟʠʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʩʥʦʚʥʦʛʦ ʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʡ, ʟʥʘʷ 

ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʩʧʠʥ ʯʘʩʪʠʮʳ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʝ ʤʝʥʷʝʪʩʷ. 

15.10 ɺʦʣʥʦʚʳʝ ʯʠʩʣʘ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʶʪ 11400 ʩʤī1 ʠ 14500 ʩʤī1. 

ʇʨʝʜʩʢʘʞʠʪʝ ʦʢʨʘʩʢʫ, ʧʨʠʩʫʱʫʶ ʠʦʥʘʤ [CoF6]3ī. 

ɿʘʜʘʯʘ 16. ʍʠʤʠʷ ʞʝʣʝʟʘ 

ʇʦ ʠʩʪʦʨʠʯʝʩʢʠʤ, ʧʦʣʠʪʠʯʝʩʢʠʤ, ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ, ʘ ʪʘʢʞʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʞʝʣʝʟʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʣʝʜʫʶʱʝʤ ʟʘʜʘʥʠʠ, ʥʝʢʦʪʦʨʳʝ ʛʣʘʚʥʳʝ ʘʩʧʝʢʪʳ 

ʭʠʤʠʠ ʞʝʣʝʟʘ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ɼʘʚʘʡʪʝ ʜʣʷ ʥʘʯʘʣʘ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʤ ʚʦʟʤʦʞʥʳʝ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʞʝʣʝʟʘ. 

16.1 ʀʟʦʙʨʘʟʠʪʝ ʜʠʘʛʨʘʤʤʫ ʃʘʪʠʤʝʨʘ ʜʣʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ (pH 0) ʠʩʧʦʣʴʟʫʷ 

ʩʣʝʜʫʶʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʳ: EÁ(FeO4
2ī, H+/Fe3+) = 1.90 ɺ, 
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EÁ(Fe3+/Fe2+) = 0.77 ɺ, EÁ(Fe2+/Fe) = ī0.44 ɺ. ʊʘʢʞʝ ʚʳʯʠʩʣʠʪʝ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʳ ʜʣʷ 

ʧʘʨ FeO4
2ī/Fe2+, FeO4

2ī/Fe ʠ Fe3+/Fe ʠ ʜʦʙʘʚʴʪʝ ʠʭ ʥʘ ʜʠʘʛʨʘʤʤʫ. 

 16.2 ʆʧʨʝʜʝʣʠʪʝ ʚʦʣʴʪ-ʵʢʚʠʚʘʣʝʥʪʳ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʡ ʞʝʣʝʟʘ ʠ 

ʧʦʩʪʨʦʡʪʝ ʜʠʘʛʨʘʤʤʫ ʌʨʦʩʪʘ. ʆʧʨʝʜʝʣʠʪʝ, ʙʫʜʫʪ ʣʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ FeO4
2ī ʠ Fe2+ ʧʨʠ pH = 0. 

ɼʨʫʛʠʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ (ʘ ʪʘʢʞʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ) ʨʘʚʥʦʚʝʩʠʡ ʷʚʣʷʝʪʩʷ ʜʠʘʛʨʘʤʤʘ ʇʫʨʙʵ. 

ʆʥʘ ʚʢʣʶʯʘʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ pH. ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʙʣʝʤʫ 

ʙʦʣʝʝ ʛʣʫʙʦʢʦ.  

ɼʣ ̫ʧʨʦʩʪʦʪʳ, ʘʢʪʠʚʥʦʩʪʠ ʙʫʜʫʪ ʟʘʤʝʥʝʥʳ ʨʘʚʥʦʚʝʩʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ, ʜʘʞʝ ʝʩʣʠ 

ʪʘʢʦʝ ʦʧʠʩʘʥʠʝ ʥʝ ʚʩʝʛʜʘ ʘʜʝʢʚʘʪʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʩʪʠ. ʇʦʪʝʥʮʠʘʣʳ ʜʘʥʳ ʚ 

ɺʦʣʴʪʘʭ. ʇʨʠ ʦʙʦʟʥʘʯʝʥʠʠ ʢʘʪʠʦʥʥʳʭ ʯʘʩʪʠʮ ʚ ʪʝʢʩʪʝ ʠ ʫʨʘʚʥʝʥʠʷʭ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʙʫʜʫʪ ʦʧʫʱʝʥʳ, ʪ.ʝ. Fe2+ ʟʥʘʯʠʪ [Fe(H2O)6]2+, [Fe(OH)]+ ʟʥʘʯʠʪ 

[Fe(H2O)5(OH)]+, ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ, ʥʘʧʨʠʤʝʨ, [Fe(OH)3] ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ ʪʚʝʨʜʳʡ 

ʛʠʜʨʦʢʩʠʜ ʞʝʣʝʟʘ(III), ʘ ʢʘʢ ʢʦʤʧʣʝʢʩʥʫʶ ʯʘʩʪʠʮʫ [Fe(OH)3(H2O)3] ʚ ʨʘʩʪʚʦʨʝ. 

ʂʘʞʜʘʷ ʣʠʥʠʷ ʥʘ ʜʠʘʛʨʘʤʤʝ ʇʫʨʙʵ ʚʳʪʝʢʘʝʪ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʘʢʪʠʚʥʦʩʪʝʡ 

(ʢʦʥʮʝʥʪʨʘʮʠʡ) ʦʙʦʠʭ ʯʘʩʪʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʚʥʦʚʝʩʠʠ 

(a) ɽʩʣʠ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʩʫʤʤʘʨʥʳʡ 

ʛʨʘʬʠʢ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠ (ʈʠʩʫʥʦʢ 1a). ʊʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ï ʨʝʜʦʢʩ 

ʧʘʨʘ Tl+/Tl ʩ EÁ = ī0.34 ɺ (ʚ ʠʥʪʝʨʚʘʣʝ pH ʦʪ 0 ʜʦ 12, ʚ ʙʦʣʝʝ ʦʩʥʦʚʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʦʙʨʘʟʫʶʪʩʷ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ). ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʣʠʥʠʠ ʦʯʝʥʴ ʧʨʦʩʪʦʝ, ʫʨ. 

(1): 

ʃʠʥʠʷ ʘ ʇʦʪʝʥʮʠʘʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʘʢʪʠʚʥʦʩʪʠ/ʢʦʥʮʝʥʪʨʘʮʠʠ Tl+ ʠ Tl(s) ʨʘʚʥʳ, ʪ.ʝ. 

a(Tl,s)/[Tl+] = 1: 

(Tl+/Tl): E = EÁ ī (0.059 / n) log(a(Tl,s) / [Tl+]) = ī0.34 ī 0 = ī0.34 ɺ   (1) 

(b) ɽʩʣʠ ʞʝ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʪʴ ʢ ʩʠʩʪʝʤʝ, ʛʜʝ ʧʨʦʪʝʢʘʶʪ ʪʦʣʴʢʦ 

ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʥʘʧʨʠʤʝʨ, ʛʠʜʨʦʣʠʟ; ʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ 

ʧʦʪʝʥʮʠʘʣʦʚ ʨʝʜʦʢʩ-ʧʨʦʮʝʩʩʳ ʥʝ ʧʨʦʪʝʢʘʶʪ), ʪʦ ʛʨʘʬʠʢ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʣʠʥʠʡ (ʈʠʩʫʥʦʢ 2ʙ). ʅʘʧʨʠʤʝʨ, ʩʪʫʧʝʥʯʘʪʳʡ ʛʠʜʨʦʣʠʟ Ga3+ ʧʨʦʪʝʢʘʝʪ ʚ ʯʝʪʳʨʝ ʩʪʘʜʠʠ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʙʱʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʫʨ. (2ī5). 

Ga3+ + OHī = [Ga(OH)]2+, logɓ1 = [Ga(OH)2+] / ([Ga3+] Ĭ [OHī]) = 11.4   (2) 

Ga3+ + 2 OHī = [Ga(OH)2]+, logɓ2 = [Ga(OH)2
+] / ([Ga3+] Ĭ [OHī]2) = 22.1  (3) 

Ga3+ + 3 OHī = [Ga(OH)3], logɓ3 = [Ga(OH)3] / ([Ga3+] Ĭ [OHī]3) = 31.7  (4) 

Ga3+ + 4 OHī = [Ga(OH)4]ī, logɓ4 = [Ga(OH)4
ī] / ([Ga3+] Ĭ [OHī]4) = 39.4  (5) 

ʂʦʥʝʯʥʳʝ ʚʳʨʘʞʝʥʠʷ (6ī9) ʤʦʛʫʪ ʙʳʪʴ ʚʳʚʝʜʝʥʳ ʠ ʚʳʯʠʩʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʃʠʥʠʷ b pH ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʚʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ Ga3+ ʠ [Ga(OH)]2+, ʪ.ʝ. pH = pKa ʜʣʷ 

ʜʠʩʩʦʮʠʘʮʠʠ [Ga(H2O)6]3+ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [Ga(H2O)5OH]2+: 

(Ga3+/[Ga(OH)]2+): pH = pKw ī logɓ1 = 14.0 ī 11.4 = 2.6;    (6) 

ʠ, ʘʥʘʣʦʛʠʯʥʦ: 

ʃʠʥʠʷ c ([Ga(OH)]2+ / [Ga(OH)2]+): 

pH = pKw ī logɓ2 + logɓ1 = 14.0 ī 22.1 + 11.4 = 3.3     (7) 
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ʃʠʥʠʷ d ([Ga(OH)2]+ / [Ga(OH)3]): 

pH = pKw ī logɓ3 + logɓ2 = 14.0 ī 31.7 + 22.1 = 4.4     (8) 

ʃʠʥʠʷ e ([Ga(OH)3] / [Ga(OH)4]ī): 

pH = pKw ī logɓ4 + logɓ3 = 14.0 ī 39.4 + 31.7 = 6.3     (9) 

(c) ɽʩʣʠ ʞʝ ʨʘʚʥʦʚʝʩʠʝ ʷʚʣʷʝʪʩʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʠ ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʤ, 

ʪʦ ʣʠʥʠʷ ʥʘ ʛʨʘʬʠʢʝ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦʜ ʥʘʢʣʦʥʦʤ. ʆʜʥʠʤ ʠʟ ʧʦʣʝʟʥʳʭ ʧʨʠʤʝʨʦʚ 

ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (10) ʠ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʧʨʦʪʦʥʦʚ (11), ʯʪʦ 

ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1c. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʣʠʥʠʡ f(12) ʠ g(13) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʥʘʢʣʦʥʦʤ, ʪ.ʝ. ʦʙʝ ʣʠʥʠʠ ʧʘʨʘʣʣʝʣʴʥʳ ʠ ʦʥʠ 

ʦʧʨʝʜʝʣʷʶʪ ʦʙʣʘʩʪʴ ʨʝʜʦʢʩ-ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʜʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʩ 

ʚʳʜʝʣʝʥʠʝʤ H2(g) ʠ ʦʢʠʩʣʝʥʠʶ ʩ ʚʳʜʝʣʝʥʠʝʤ O2(g). 

O2  +  4 H+  +  4 eī  Ÿ  2 H2O, EÁ = 1.23 V      (10) 

2 H+  +  2 eī  Ÿ  H2, EÁ = 0 V (ʧʦ ʦʧʨ.)       (11) 

ʃʠʥʠʷ f (O2,H+/H2O): 

E = EÁ ī (0.059 / n) Ĭ log[a2(H2O,l) / (a(O2,g) Ĭ [H+]4)] = 1.23 ī 0.059 Ĭ pH  (12) 

ʃʠʥʠʷ g (H+/H2): 

E = EÁ ī (0.059 / n) Ĭ log[a(H2,g) / [H+]2] = ī0.059 Ĭ pH     (13) 

   

(a) (b) (c) 

ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʳ ʇʫʨʙʵ ʜʣʷ (a) ʩʠʩʪʝʤʳ Tl+/Tl, (b) ʩʠʩʪʝʤʳ Ga3+/[Ga(OH)n](3ī
n)+  

ʠ (c) ʩʠʩʪʝʤʳ H2/H2O/O2. 

 

ɸ ʪʝʧʝʨʴ ʜʘʚʘʡʪʝ ʚʝʨʥʝʤʩʷ ʢ ʭʠʤʠʠ ʞʝʣʝʟʘ. 

16.3 ʇʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʇʫʨʙʵ ʜʣʷ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʜʦʚʦʣʴʥʦ 

ʫʪʦʤʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʥʝʩʢʦʣʴʢʦ ʛʨʫʙʘʷ ʬʦʨʤʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʞʝʣʝʟʫ, ʘ ʪʘʢʞʝ ʨʘʩʪʚʦʨʝʥʥʳʤ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʤ ʯʘʩʪʠʮʘʤ ʚ 

ʠʥʪʝʨʚʘʣʝ pH 0-14 ʫʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

a) ɺʩʝ ʣʠʥʠʠ ʨʘʟʜʝʣʷʶʪ ʦʙʣʘʩʪʴ ʛʨʘʬʠʢʘ ʥʘ ʤʥʦʛʦ ʫʯʘʩʪʢʦʚ. ʋʩʪʘʥʦʚʠʪʝ, ʢʘʢʠʝ 

ʯʘʩʪʠʮʳ ʧʨʝʚʘʣʠʨʫʶʪ ʚ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘ ʨʠʩʫʥʢʝ 2 ʠ ʥʘʧʠʰʠʪʝ ʚʘʰʠ 

ʦʪʚʝʪʳ ʥʘ ʛʨʘʬʠʢʝ.  

b) ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʠʟ 16.1 ʚʤʝʩʪʝ ʩ ʪʘʙʣʠʮʝʡ 1 ʚʳʚʝʜʠʪʝ ʠ ʥʘʧʠʰʠʪʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʠʡ 11, 17 ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʣʠʥʠʡ 2, 5. 
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ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʇʫʨʙʵ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʯʘʩʪʠʮ ʚ ʚʦʜʝ. 

ʊʘʙʣʠʮʘ 1: ʆʙʱʠʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ɓn ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ(II) ʠ (III). 

 log ɓn (Fe2+ + n OHī) log ɓn (Fe3+ + n OHī) 

n = 1 4.5 11.8 

n = 2 ï 22.3 

n = 3 ï 30.0 

n = 4 ï 34.4 

 

c) ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘʢʣʦʥʥʦʡ ʣʠʥʠʠ ʚʳʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʣʠʥʠʠ 6 ʠ 

ʦʧʨʝʜʝʣʠʪʝ ʢʦʦʨʜʠʥʘʪʳ [pH, E] ʝ  yʧʝʨʝʩʝʯʝʥʠʷ ʩ ʣʠʥʠʷʤʠ 2 ʠ 7. 

d) ʌʝʨʨʘʪ(VI)-ʘʥʠʦʥ ̫ ʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ, ʯʝʤ ʢʠʩʣʦʨʦʜ (ʩʨʘʚʥʠʪʝ 

ʣʠʥʠʶ f ʥʘ ʨʠʩʫʥʢʝ 1c ʩ ʦʙʣʘʩʪʴʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʝʨʨʘʪ-ʠʦʥʘ ʥʘ ʨʠʩʫʥʢʝ 2) ʠ 

ʧʦʵʪʦʤʫ ʩʪʘʙʠʣʝʥ ʪʦʣʴʢʦ ʚ ʩʠʣʴʥʦʱʝʣʦʯʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʧʦʪʝʥʮʠʘʣʳ 

O2/H2O ʠ FeO4
2ī/[Fe(OH)n](3ī

n)+ ʩʦʧʦʩʪʘʚʠʤʳ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦ ʬʝʨʨʘʪ-ʠʦʥ 

ʥʝʩʪʘʙʠʣʝʥ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠ ʦʢʠʩʣʷʝʪ ʚʦʜʫ ʜʦ ʢʠʩʣʦʨʦʜʘ. ʇʨʝʜʣʦʞʠʪʝ 

ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʬʝʨʨʘʪ-ʠʦʥʘ. ʅʘʧʠʰʠʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ.  

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ(III) ʙʦʣʝ ʩʢʣʦʥʥʳ ʢ ʛʠʜʨʦʣʠʟʫ, ʯʝʤ ʩʦʝʜʠʥʝʥʠʷ 

ʞʝʣʝʟʘ(II). 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ / ʉʃʆɺɸʂʀʗ ʠ ʏɽʍʀʗ, 2018 
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16.4 ʈʘʩʩʤʦʪʨʠʪʝ ʚʩʝ ʯʘʩʪʠʮʳ, ʫʢʘʟʘʥʥʳʝ ʥʘ ʜʠʘʛʨʘʤʤʝ ʇʫʨʙʵ (ʈʠʩʫʥʦʢ 2) ʩ ʧʦʟʠʮʠʠ 

ʨʘʟʤʝʨʦʚ ʠʦʥʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʠ ʦʙʲʷʩʥʠʪʝ, ʢʘʢʠʝ ʣʠʛʘʥʜʳ 

ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ ʢʘʞʜʦʤʫ ʤʝʪʘʣ-ʠʦʥʥʦʤʫ ʮʝʥʪʨʫ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ, ʢʠʥʝʪʠʯʝʩʢʠʝ, ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ ʩ ɻ ʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ. ʇʦʩʢʦʣʴʢʫ ʞʝʣʝʟʦ ï d-ʤʝʪʘʣʣ, ʪʝʦʨʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʪʝʦʨʠʷ ʧʦʣʷ ʣʠʛʘʥʜʦʚ ʧʦʤʦʛʫʪ ʥʘʤ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʵʪʠʤ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʨʘʩʱʝʧʣʝʥʠʷ ʫʨʦʚʥʝʡ d-ʦʨʙʠʪʘʣʝʡ 

ʥʘʠʙʦʣʝʝ ʧʦʣʝʟʥʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʢʦʥʮʝʧʮʠʝʡ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʨʷʜ. 

16.5 ɿʘʧʠʰʠʪʝ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩʣʝʜʫʶʱʠʭ ʯʘʩʪʠʮ (ʚʳʩʦʢʠʡ/ʥʠʟʢʠʡ ʩʧʠʥ): 

[Fe(H2O)6]2+, [Fe(CN)6]4ī, [Fe(H2O)6]3+, [Fe(H2O)5OH]2+, [Fe(CN)6]3ī. ɺ ʧʨʠʙʣʠʞʝʥʠʠ Oh 

ʩʠʤʤʝʪʨʠʠ ʚʳʯʠʩʣʠʪʝ ʕʉʇʃ ʠ ʚʳʨʘʟʠʪʝ ʨʝʟʫʣʴʪʘʪ ʚ ʝʜʠʥʠʮʘʭ ʵʥʝʨʛʠʠ ʨʘʩʱʝʧʣʝʥʠʷ 

ȹo ʠ ʵʥʝʨʛʠʠ ʩʧʘʨʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ P.  

16.6 ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʚ ʋʌ-ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʦʨʘʥʞʝʚʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʨʘʩʪʚʦʨʘ FeCl3, ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʠʦʥ [Fe(H2O)5OH]2+ ʠ ʜʣʷ ʩʫʩʧʝʥʟʠʠ 

ʥʘʥʦʯʘʩʪʠʮ ʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ (ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ Fe4[Fe(CN)6]3). 

ʉʧʝʢʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʝʠʟʚʝʩʪʥʦʤ ʧʦʨʷʜʢʝ. ʉʦʧʦʩʪʘʚʴʪʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʧʨʠʚʝʜʝʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ. 

  

(a) (b) 

ʈʠʩʫʥʦʢ 3. ʉʧʝʢʪʨʳ FeCl3 ʠ Fe4[Fe(CN)6]3 (ʚ ʥʝʠʟʚʝʩʪʥʦʤ ʧʦʨʷʜʢʝ). 

ɿʘʜʘʯʘ 17. ʎʠʘʥʠʜʥʳʝ ʠ ʬʪʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʘʨʛʘʥʮʘ 

ʉʨʝʜʠ ʤʝʪʘʣʣʦʚ ʧʝʨʚʦʛʦ ʨʷʜʘ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʘʨʛʘʥʝʮ ʦʙʨʘʟʫʝʪ ʥʘʠʙʦʣʴʰʝʝ 

ʯʠʩʣʦ ʩʦʩʪʦʷʥʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ. ʕʪʘ ʟʘʜʘʯʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ 

ʩʠʥʪʝʟʘ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʮʠʘʥʠʜʥʳʭ ʠ ʬʪʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʳ 

ʤʘʨʛʘʥʮʘ ʚ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʦʪ +I ʜʦ +IV. 

 

ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +I 

ʉ ʚʦʜʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʘʨʛʘʥʝʮ ʨʝʘʛʠʨʫʝʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ. ʆʜʥʘʢʦ ʦʥ ʙʳʩʪʨʦ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ 2 M ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ (ʥʝ ʩʦʜʝʨʞʘʱʝʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ) ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ NaCN ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʩʮʚʝʪʥʦʛʦ ʜʠʘʤʘʛʥʠʪʥʦʛʦ Na5[Mn(CN)6] (1).  












































