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ɺʚʝʜʝʥʠʝ 
ʄʳ ʨʘʜʳ ʧʨʝʜʣʦʞʠʪʴ ʚʘʤ ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ɿʘʜʘʯʠ ʢ 50ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʍʠʤʠʯʝʩʢʦʡ 

ʆʣʠʤʧʠʘʜʝ. ʕʪʠ ʟʘʜʘʯʠ ʧʦʤʦʛʫʪ ʫʯʘʩʪʥʠʢʘʤ ʠ ʤʝʥʪʦʨʘʤ ʣʫʯʰʝ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ 

ʆʣʠʤʧʠʘʜʝ. ɿʘʜʘʯʠ ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ. ʆʥʠ ʦʩʥʦʚʘʥʳ 

ʥʘ ʧʨʦʛʨʘʤʤʝ ʩʨʝʜʥʝʡ ʰʢʦʣʳ, ʥʦ ʚʢʣʶʯʘʶʪ ʪʘʢʞʝ 6 ʪʝʤ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʠ ʜʚʝ ʪʝʤʳ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. ʇʦ 

ʥʘʰʝʤʫ ʦʧʳʪʫ, ʢʘʞʜʫʶ ʠʟ ʵʪʠʭ ʪʝʤ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʭʦʨʦʰʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤ ʫʯʘʱʠʤʩʷ ʟʘ 

2-3 ʯʘʩʘ. 

ʈʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʙʫʜʫʪ ʜʦʩʪʫʧʥʳ ʥʘ ʩʘʡʪʝ ʆʣʠʤʧʠʘʜʳ ʩ 1ʛʦ ʠʶʥʷ 2018. ʄʳ ʙʫʜʝʤ ʨʘʜʳ 

ʚʘʰʠʤ ʢʦʤʤʝʥʪʘʨʠʷʤ, ʟʘʤʝʯʘʥʠʷʤ ʠ ʚʦʧʨʦʩʘʤ ʧʦ ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʤ ʟʘʜʘʯʘʤ, ʧʨʠʩʳʣʘʡʪʝ 

ʠʭ ʧʦ ʘʜʨʝʩʫ info@50icho.eu.  

 

ʄʳ ʞʝʣʘʝʤ ʚʘʤ ʫʜʦʚʦʣʴʩʪʚʠʷ ʦʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠ ʞʜʝʤ ʚʘʩ ʚ ʠʶʣʝ ʚ ɹʨʘʪʠʩʣʘʚʝ ʠ ʇʨʘʛʝ.  

 

 

 

 

 

 

 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ʍʦʪʠʤ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʚʩʝʭ ʘʚʪʦʨʦʚ ʟʘ ʠʭ ʩʘʤʦʦʪʚʝʨʞʝʥʥʫʶ ʨʘʙʦʪʫ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʠ ʟʘʜʘʯ ʩʘʤʦʡ ʆʣʠʤʧʠʘʜʳ. ʄʳ ʪʘʢʞʝ ʙʣʘʛʦʜʘʨʥʳ ʨʝʮʝʥʟʝʥʪʘʤ 

ʟʘ ʮʝʥʥʳʝ ʟʘʤʝʯʘʥʠʷ ʠ ʧʨʝʜʣʦʞʝʥʠʷ. 

 

 

 

 

ɹʨʘʪʠʩʣʘʚʘ ʠ ʇʨʘʛʘ, 30 ʷʥʚʘʨʷ 2018 

 

ʆʪ ʠʤʝʥʠ ʅʘʫʯʥʦʛʦ ʢʦʤʠʪʝʪʘ, 

ʇʝʪʨʘ ʄʝʥʦʚʘ ʠ ʄʘʨʪʠʥ ʇʫʪʘʣʘ 

  



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ / ʉʣʦʚʘʢʠʷ & ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ, 2018 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ: ʪʝʦʨʠʷ www.50icho.eu 4 

 
 

ʊʝʤʳ ʧʦʚʳʰʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ 

1. ʊʝʨʤʦʜʠʥʘʤʠʢʘ: ʩʚʷʟʴ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ, ʫʨʘʚʥʝʥʠʝ 
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ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʝ, ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʟʦʪʦʧʥʳʝ ʵʬʬʝʢʪʳ 

3. ʕʣʝʢʪʨʦʭʠʤʠʷ: ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʮʝʧʠ, ʫʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ, ʜʠʘʛʨʘʤʤʳ ʃʘʪʠʤʝʨʘ, 

ʌʨʦʩʪʘ ʠ ʇʫʨʙʵ 

4. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ: ʪʝʦʨʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ 

5. ʉʪʝʨʝʦʭʠʤʠʷ: ʦʨʛʘʥʠʯʝʩʢʘʷ ʩʪʝʨʝʦʭʠʤʠʷ, ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʳʝ ʨʝʘʢʮʠʠ 

6. ɼʅʂ ʠ ʈʅʂ: ʥʫʢʣʝʠʥʦʚʳʝ ʦʩʥʦʚʘʥʠʷ, ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʦʩʥʦʚʘʥʠʷʤʠ ʠ ʠʭ 

ʪʝʨʤʦʜʠʥʘʤʠʢʘ 

 

ʇʨʠʤʝʯʘʥʠʷ 

ʉʣʝʜʫʶʱʠʝ ʪʝʤʳ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʟʘʜʘʯʘʭ, ʅɽ ɹʋɼʋʊ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʦʣʠʤʧʠʘʜʥʳʭ ʟʘʜʘʯʘʭ: 

¶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʂʣʷʡʟʝʥʘ 

¶ ʭʠʤʠʷ N-ʦʢʩʠʜʦʚ 

¶ ʠʟʦʙʨʘʞʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʩ ʧʦʤʦʱʴʶ ʠʟʦʛʥʫʪʳʭ ʩʪʨʝʣʦʢ 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ 

¶ ʨʝʰʝʥʠʝ ʢʫʙʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʍʠʤʠʷ ʧʦʣʠʤʝʨʦʚ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʩ ʧʦʟʠʮʠʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ɹʠʦʭʠʤʠʷ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʥʝ ʚʳʡʜʝʪ ʟʘ ʧʨʝʜʝʣʳ ʪʦʛʦ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʟʘʜʘʯʘʭ. 

ʏʠʩʣʦ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʚ ʦʪʚʝʪʝ ʥʝ ʦʮʝʥʠʚʘʝʪʩʷ, ʝʩʣʠ ʵʪʦ ʥʝ ʦʛʦʚʦʨʝʥʦ ʦʩʦʙʦ. 
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ʌʠʟʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, ʬʦʨʤʫʣʳ ʠ ʫʨʘʚʥʝʥʠʷ 

ʇʦʩʪʦʷʥʥʘʷ ɸʚʦʛʘʜʨʦ: NA = 6.022 Ĭ 1023 ʤʦʣʴī1  

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ: R = 8.314 ɼʞÖʂī1Öʤʦʣʴī1 

ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ: c = 2.998 Ĭ 108 ʤÖʩī1  

ʇʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ: h = 6.626 Ĭ 10ī34 ɼʞÖʩ  

ʇʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ: F = 9.6485 Ĭ 104 ʂʣÖʤʦʣʴī1 

ʉʪʘʥʜʘʨʪʥʦʝ ʜʘʚʣʝʥʠʝ: p  ̄= 1 ʙʘʨ = 105 ʇʘ  

ʅʦʨʤʘʣʴʥʦʝ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ: pʘʪʤ = 1.01325 Ĭ 105 ʇʘ  

ʅʦʣʴ ʧʦ ʰʢʘʣʝ 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:  ὴὠ ὲὙὝ 

ʇʝʨʚʳʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ:  ЎὟ ή ὡ 

ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ:  ὖ ὟὍ, ʛʜʝ Ὗ ï ʥʘʧʨʷʞʝʥʠʝ, Ὅ ï ʩʠʣʘ ʪʦʢʘ 

ʕʥʪʘʣʴʧʠʷ: Ὄ Ὗ ὴὠ 

ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ:  Ὃ Ὄ ὝὛ 

 ЎὋ ЎὋ ὙὝÌÎὗ 

ɼʣʷ ʨʝʘʢʮʠʠ aA + bB ᵶ cC + dD ὗ  

 ЎὋ ὙὝÌÎὑ ᾀὊὉ  

ʀʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ: ЎὛ ̏̂̑
, ʛʜʝ ή̏ ̂̑ ï ʪʝʧʣʦʪʘ ʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ 

ʊʝʧʣʦʪʘ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʤʦʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ (ὧ ):  Ўή ὲὧЎὝ 

ʋʨʘʚʥʝʥʠʝ ʠʟʦʙʘʨʳ ɺʘʥʪ-ɻʦʬʬʘ: 
Ў

ᵼÌÎ
Ў

 

ʋʨʘʚʥʝʥʠʝ ɻʝʥʜʝʨʩʦʥʘ-ʍʘʩʩʝʣʴʙʘʣʴʭʘ: Ð(  Ðὑ ÌÇ  

ʋʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ:  Ὁ ὉЈ ÌÎ  

ʕʥʝʨʛʠʷ ʬʦʪʦʥʘ: Ὁ  

ɿʘʢʦʥ ʃʘʤʙʝʨʪʘ-ɹʝʨʘ: ὃ ÌÇ ʀὅὰ 

ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ, ʚ ʩʤï1): ’  



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ / ʉʣʦʚʘʢʠʷ & ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ, 2018 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ: ʪʝʦʨʠʷ www.50icho.eu 6 

 
 

ʇʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ ҡ ʤʦʣʝʢʫʣʳ AX: ‘
ẗ

 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ: 

0-ʡ ʧʦʨʷʜʦʢ:   ! ! Ὧὸ 

1-ʡ ʧʦʨʷʜʦʢ:  ÌÎ! ÌÎ! Ὧὸ 

2-ʡ ʧʦʨʷʜʦʢ:  Ὧὸ 

ʋʨʘʚʥʝʥʠʝ ɸʨʨʝʥʠʫʩʘ: Ὧ ὃὩ Ⱦ   



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ / ʉʣʦʚʘʢʠʷ & ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ, 2018 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ: ʪʝʦʨʠʷ www.50icho.eu 7 

 
 

Periodic ʊʘʙʣʠʮʘ of Elements 
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ɺʠʜʠʤʳʡ ʩʧʝʢʪʨ 
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ɿʘʜʘʯʘ 1. ʉʠʥʪʝʟ ʮʠʘʥʦʚʦʜʦʨʦʜʘ 

ʎʠʘʥʦʚʦʜʦʨʦʜ (HCN) ï ʙʝʩʮʚʝʪʥʘʷ ʞʠʜʢʦʩʪʴ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʟʘʧʘʭʦʤ ʤʠʥʜʘʣʷ. ɽʛʦ 

ʧʦʣʫʯʘʶʪ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ, ʧʨʠ ʵʪʦʤ 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʦʧʨʘʚʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʘʤʤʠʘʢʘ. ɼʚʘ 

ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ HCN: 

¶ ʇʨʦʮʝʩʩ BMA ʬʠʨʤʳ Degussa:  CH4(ʛ) + NH3(ʛ) Ÿ HCN(ʛ) + 3 H2(ʛ) 

¶ ʇʨʦʮʝʩʩ ɸʥʜʨʫʩʦʚʘ:   CH4(ʛ) + NH3(ʛ) + 3/2 O2(ʛ) Ÿ HCN(ʛ) + 3 H2O(ʛ)  

ʆʙʘ ʧʨʦʮʝʩʩʘ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1 000 ÁC ʠ ʧʨʠ ʜʘʚʣʝʥʠʠ, ʙʣʠʟʢʦʤ ʢ 

ʩʪʘʥʜʘʨʪʥʦʤʫ. ɺ ʦʙʦʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʣʘʪʠʥʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ. 

1.1 ʈʘʩʩʯʠʪʘʡʪʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ȹrHm ʧʨʠ 1 500 K ʜʣʷ ʨʝʘʢʮʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʧʨʦʮʝʩʩʘʭ Degussa (BMA) ʠ ɸʥʜʨʫʩʦʚʘ. ʀʩʧʦʣʴʟʫʡʪʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ȹfHm ʠʟ 

ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ ʪʘʙʣʠʮʳ. 

ʉʦʝʜʠʥʝʥʠʝ ȹfHm(1 500 K), ʢɼʞÖʤʦʣʴī1 

CH4(ʛ) ī90.3 

NH3(ʛ) ī56.3 

HCN(ʛ) 129.0 

H2O(ʛ) ī250.1 

H2(ʛ) 0 

O2(ʛ) 0 

 

1.2 ʂʘʢʦʡ ʧʨʦʮʝʩʩ (Degussa ʠʣʠ ɸʥʜʨʫʩʦʚʘ) ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʛʨʝʚʘʥʠʷ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʪʦʨʘ 1 500 K? ʇʦʯʝʤʫ? 

1.3 ʈʘʩʩʯʠʪʘʡʪʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ K ʨʝʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʨʦʮʝʩʩʝ Degussa (BMA), ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1 500 K ʠ 1 600 K. ʉʪʘʥʜʘʨʪʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʣʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʧʨʠ 1 500 K ʨʘʚʥʦ ȹrGm(1 500 K) = ī112.3 

ʢɼʞÖʤʦʣʴī1. ʇʨʠʤʠʪʝ, ʯʪʦ ʵʥʪʘʣʴʧʠʷ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1 500 K ʜʦ 1 600 K. ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʨʝʟʫʣʴʪʘʪ ʧʨʠʥʮʠʧʫ ʃʝ ʐʘʪʝʣʴʝ? 

1.4 ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ ʃʝ ʐʘʪʝʣʴʝ, ʧʨʝʜʩʢʘʞʠʪʝ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ K ʨʝʘʢʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ɸʥʜʨʫʩʦʚʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʪ 1 500 K ʜʦ 

1 600 K. 

 

ɿʘʜʘʯʘ 2. ʊʝʨʤʦʭʠʤʠʷ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ 

ʄʥʦʛʠʝ ʨʘʢʝʪʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʜʣʷ ʚʳʚʦʜʘ 

ʠʭ ʥʘ ʦʨʙʠʪʫ, ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʧʨʦʩʪʳʝ ʘʟʦʪʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʊʠʧʠʯʥʦʝ ʨʘʢʝʪʥʦʝ ʪʦʧʣʠʚʦ ï ʤʝʪʠʣʛʠʜʨʘʟʠʥ ʠʣʠ 1,1-ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥ (ʦʥ ʞʝ ï 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥ) ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʦʢʠʩʣʠʪʝʣʝʤ ï ʜʠʦʢʩʠʜʦʤ ʘʟʦʪʘ ʠʣʠ 

ʜʳʤʷʱʝʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʵʪʠʭ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ / ʉʣʦʚʘʢʠʷ & ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ, 2018 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ: ʪʝʦʨʠʷ www.50icho.eu 10 

 
 

ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʨʘʟʠʥʘ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʤʥʦʛʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʚʩʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʛʠʜʨʘʟʠʥʘ ʦʙʨʘʟʫʶʪ ʩʘʤʦʚʦʩʧʣʘʤʝʥʷʶʱʠʝʩʷ ʩʤʝʩʠ ʩ ʜʠʦʢʩʠʜʦʤ ʘʟʦʪʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʩʠʩʪʝʤʳ ʟʘʞʠʛʘʥʠʷ ʚ ʜʚʠʛʘʪʝʣʝ. ɺʦ-ʚʪʦʨʳʭ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʠ 1,1-ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʠʝ, ʧʦʵʪʦʤʫ ʦʥʠ 

ʦʩʪʘʶʪʩʷ ʞʠʜʢʠʤʠ ʜʘʞʝ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʨʘʟʠʥʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʆʙʨʘʟʮʳ ʞʠʜʢʠʭ ʛʠʜʨʘʟʠʥʘ, 

ʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʠ 1,1-ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʤʘʩʩʦʡ 1 ʛ ʢʘʞʜʳʡ ʩʦʞʛʣʠ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ 

ʙʦʤʙʦʚʦʤ ʢʘʣʦʨʠʤʝʪʨʝ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʲʝʤʘ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʠʩʣʦʨʦʜʘ. 

ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʣʦʨʠʤʝʪʨʘ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʩʪʘʚʣʷʣʘ 298.15 K, ʧʦʩʣʝ 

ʩʞʠʛʘʥʠʷ ʦʥʘ ʧʦʜʥʷʣʘʩʴ ʥʘ 8.25 K, 12.55 K ʠ 14.76 K ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉ ʧʦʤʦʱʴʶ 

ʢʘʣʠʙʨʦʚʢʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʝʧʣʦʝʤʢʦʩʪʴ ʢʘʣʦʨʠʤʝʪʨʘ: 2.04 ʢɼʞÖKī1. 

2.1 ʉʯʠʪʘʷ, ʯʪʦ ʧʨʠ ʩʞʠʛʘʥʠʠ ʛʠʜʨʘʟʠʥʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ ʦʙʨʘʟʫʶʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʘʟʦʪ, ʚʦʜʷʥʦʡ ʧʘʨ ʠ, ʚ ʩʣʫʯʘʝ ʤʝʪʠʣʧʨʦʠʟʚʦʜʥʳʭ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʧʨʠ 298.15 K ʠ 

101 325 ʇʘ, ʨʘʩʩʯʠʪʘʡʪʝ ʵʥʪʘʣʴʧʠʠ ʩʛʦʨʘʥʠʷ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. ʉʯʠʪʘʡʪʝ 

ʚʩʝ ʛʘʟʳ ʠʜʝʘʣʴʥʳʤʠ ʠ ʥʝ ʫʯʠʪʳʚʘʡʪʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʵʥʪʘʣʴʧʠʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʝʡ ʚʩʝʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʬʘʟ. 

2.2 ʈʘʩʩʯʠʪʘʡʪʝ ʵʥʪʘʣʴʧʠʶ ʩʛʦʨʘʥʠʷ ʢʘʞʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʪʝʪʨʘʦʢʩʠʜʝ ʜʠʘʟʦʪʘ ʧʨʠ 298.15 

K ʠ 101 325 ʇʘ (ʦʙʨʘʟʫʝʪʩʷ ʚʦʜʷʥʦʡ ʧʘʨ). ɺʩʝ ʪʦʧʣʠʚʘ ʩʯʠʪʘʡʪʝ ʞʠʜʢʠʤʠ, ʘ 

ʪʝʪʨʘʦʢʩʠʜ ʜʠʘʟʦʪʘ ï ʛʘʟʦʦʙʨʘʟʥʳʤ. ʀʩʧʦʣʴʟʫʡʪʝ ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʦʡ ʚʦʜʳ (ī241.83 ʢɼʞÖʤʦʣʴī1), ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (ī393.52 

ʢɼʞÖʤʦʣʴī1) ʠ ʪʝʪʨʘʦʢʩʠʜʘ ʜʠʘʟʦʪʘ (9.08 ʢɼʞÖʤʦʣʴī1). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʪʨʦʧʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ, ʧʨʦʚʝʣʠ 

ʪʱʘʪʝʣʴʥʳʝ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ 

ʜʦ ʢʦʤʥʘʪʥʦʡ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʥʘ ʦʩʥʦʚʝ 3-ʛʦ ʟʘʢʦʥʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʩʪʘʥʜʘʨʪʥʳʝ ʤʦʣʴʥʳʝ ʵʥʪʨʦʧʠʠ ʚʝʱʝʩʪʚ ʧʨʠ 298.15 K ʠ 101 325 ʇʘ: 

ɺʝʱʝʩʪʚʦ 
SÁ,  

ɼʞÖʂī1Öʤʦʣʴī1 
ɺʝʱʝʩʪʚʦ 

SÁ,  

ɼʞÖʂī1Öʤʦʣʴī1 

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 ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʪʨʝʭ ʨʝʘʢʮʠʡ ʛʦʨʝʥʠʷ ʚ ʪʝʪʨʘʦʢʩʠʜʝ 

ʜʠʘʟʦʪʘ, ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʥʘʡʜʠʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ ʠ ʦʮʝʥʠʪʝ ʩʪʝʧʝʥʴ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʤʝʩʠ ʧʨʠ 101 325 ʇʘ ʠ 298.15 K. ɺ ʵʪʠʭ ʨʘʩʯʝʪʘʭ 

ʚʦʜʫ ʩʯʠʪʘʡʪʝ ʞʠʜʢʦʡ. ʄʦʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʧʨʠ 298.15 ʂ ʨʘʚʥʘ 40.65 

ʢɼʞÖʤʦʣʴī1. 

2.4 ʂʘʢ ʚʣʠʷʶʪ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʥʘ ʨʘʚʥʦʚʝʩʠʝ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ? ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʫʚʝʣʠʯʠʪʩʷ ʠʣʠ ʫʤʝʥʴʰʠʪʩʷ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ? 

2.5 ʉʤʝʰʘʣʠ ʧʦ ʦʜʥʦʤʫ ʤʦʣʶ ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʪʦʧʣʠʚ. ʉʯʠʪʘʷ, ʯʪʦ ʪʝʧʣʦʦʙʤʝʥ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʦʪʩʫʪʩʪʚʫʝʪ, ʦʧʨʝʜʝʣʠʪʝ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʤʝʥʠ ʧʨʠ ʨʝʘʢʮʠʠ ʵʪʦʡ 

ʩʤʝʩʠ ʩ 3.75 ʤʦʣʴ N2O4. ɺʩʝ ʨʝʘʛʝʥʪʳ ʜʦ ʨʝʘʢʮʠʠ ʥʘʭʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298.15 
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K ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʬʦʨʤʘʣʴʥʦ ʧʨʦʪʝʢʘʝʪ ʧʨʠ 298.15 

K, ʘ ʚʳʜʝʣʷʶʱʘʷʩʷ ʪʝʧʣʦʪʘ (ʵʥʪʘʣʴʧʠʷ) ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ (ʚʢʣʶʯʘʷ ʚʦʜʷʥʦʡ ʧʘʨ) ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʤʝʥʠ. ʀʩʧʦʣʴʟʫʡʪʝ 

ʧʨʠʚʝʜʝʥʥʳʝ ʥʠʞʝ ʠʟʦʙʘʨʥʳʝ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʩʯʠʪʘʷ ʠʭ ʥʝ ʟʘʚʠʩʷʱʠʤʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨ.r 

ɺʝʱʝʩʪʚʦ 
Cp,  

ɼʞÖʂī1Öʤʦʣʴī1 

N2 (ʛ) 35.26 

CO2 (ʛ) 59.83 

H2O (ʛ) 52.29 

2.6 ʉʨʘʚʥʠʪʝ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʣʷ ʩʛʦʨʘʥʠʷ ʯʠʩʪʦʛʦ 

ʞʠʜʢʦʛʦ 1,1-ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ. 

2.7 ʂʨʠʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʩʣʦʨʦʜʘ ʨʘʚʥʘ 154.6 K, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ  

1,1-ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ 216.0 K. ʉʫʱʝʩʪʚʫʝʪ ʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ, ʚ ʢʦʪʦʨʦʤ 

ʜʘʥʥʫʶ ʩʤʝʩʴ ʪʦʧʣʠʚʘ ʩ ʦʢʠʩʣʠʪʝʣʝʤ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʞʠʜʢʦʩʪʥʦʤ 

ʨʘʢʝʪʥʦʤ ʜʚʠʛʘʪʝʣʝ? 

2.8 ʆʙʲʷʩʥʠʪʝ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʢʝʪʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʨʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʠʣʠ ʜʚʠʛʘʪʝʣʝʤ ɼʠʟʝʣʷ. ʇʨʠʚʝʜʠʪʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʨʛʫʤʝʥʪ. 

 

 

ɿʘʜʘʯʘ 3. ɺʀʏ ʧʨʦʪʝʘʟʘ 

ɺʠʨʫʩ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ ʯʝʣʦʚʝʢʘ (ɺʀʏ) ï ʵʪʦ ʨʝʪʨʦʚʠʨʫʩ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ ʩʠʥʜʨʦʤ 

ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʠʤʤʫʥʦʜʝʬʠʮʠʪʘ (ʉʇʀɼ). ʉʇʀɼ ï ʵʪʦ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʦʚʨʝʞʜʝʥʠʝ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤ rʧʨʦʛʨʝʩʩʠʨʫʝʪ, ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʙʝʟʚʨʝʜʥʳʝ ʜʣʷ 

ʟʜʦʨʦʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʠʥʬʝʢʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʦʧʘʩʥʳʤʠ ʜʣʷ ʞʠʟʥʠ. ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ɺʀʏ 

ʟʘʚʠʩʠʪ ʦʪ ʬʝʨʤʝʥʪʘ ɺʀʏ-1 ʧʨʦʪʝʘʟʳ. ʇʦʩʢʦʣʴʢʫ ʵʪʦʪ ʬʝʨʤʝʥʪ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʨʝʧʣʠʢʘʮʠʠ ʚʠʨʫʩʘ, ɺʀʏ-1 ʧʨʦʪʝʘʟʘ ï ʦʩʥʦʚʥʦʡ ʦʙʲʝʢʪ ʜʣʷ ʪʝʨʘʧʠʠ ʚʠʨʫʩʘ. 

ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʠʥʛʠʙʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʝ ʬʝʨʤʝʥʪʘ. 

ʀʥʛʠʙʠʪʦʨ ɺʀʏ-1 ʧʨʦʪʝʘʟʳ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʬʝʨʤʝʥʪʘ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʩʫʙʩʪʨʘʪ, ʩʥʠʞʘʷ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʘʢʪʠʚʥʦʡ ɺʀʏ-1 ʧʨʦʪʝʘʟʳ ʯʘʩʪʠʮʳ 

ʚʠʨʫʩʘ ʥʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʠʥʬʝʢʮʠʦʥʥʳʭ ʚʠʨʠʦʥʘʭ. 

ʅʝʢʦʪʦʨʳʝ ʠʥʛʠʙʠʪʦʨʳ ɺʀʏ-1 ʧʨʦʪʝʘʟʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʣʝʢʘʨʩʪʚʘ ʜʣʷ ʪʝʨʘʧʠʠ ɺʀʏ. ɺ 

2003 ʛʦʜʫ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʠ ʢʠʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʝʤʠ ʠʥʛʠʙʠʪʦʨʦʚ ɺʀʏ-1 ʧʨʦʪʝʘʟʳ (ʩʤ. J. Mol. Recognit. DOI: 10.1002/jmr.655). 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʰʝʩʪʠ ʠʟ ʥʠʭ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 
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ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʨʦʜʩʪʚʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ɺʀʏ-1 ʧʨʦʪʝʘʟʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ 

ʜʠʩʩʦʮʠʘʮʠʠ KD ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʪʝʘʟʘ-ʠʥʛʠʙʠʪʦʨ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 5 ÁC ʜʦ 35 ÁC 

ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʜʣʷ ʚʩʝʭ ʠʥʛʠʙʠʪʦʨʦʚ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ pH. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ KD ʚ 

ʝʜʠʥʠʮʘʭ ʥʄ, ʪ.ʝ. 10ī9 ʤʦʣÖɹʜʤī3, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʝʤʧʝʨʘʪʫʨʘ 
ÁC 

ɸʤʧʨʝʥʘʚʠʨ ʀʥʜʠʥʘʚʠʨ ʃʦʧʠʥʘʚʠʨ ʅʝʣʬʠʥʘʚʠʨ ʈʠʪʦʥʘʚʠʨ ʉʘʢʚʠʥʘʚʠʨ 

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 ʂʘʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʠʣʴʥʝʝ ʚʩʝʛʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʙʝʣʢʦʤ ʧʨʠ 35 ÁC? 

3.2 ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʝʨʛʠʶ ɻʠʙʙʩʘ ʩʚʷʟʳʚʘʥʠʷ (ʪ.ʝ. ʘʩʩʦʮʠʘʮʠʠ) ʢʘʞʜʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʩʧʦʣʴʟʫʡʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ. 

3.3 ʀʩʧʦʣʴʟʫʷ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ, ʨʘʩʩʯʠʪʘʡʪʝ 

ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʘʣʴʧʠʶ ʠ ʵʥʪʨʦʧʠʶ ʩʚʷʟʳʚʘʥʠʷ ʢʘʞʜʦʛʦ ʠʥʛʠʙʠʪʦʨʘ. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʚ 

ʠʥʪʝʨʚʘʣʝ 5ï35 ÁC ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠ kD (ʚ ʝʜʠʥʠʮʘʭ 10ī3 ʩī1) ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʪʝʘʟʘ-ʠʥʛʠʙʠʪʦʨ 

ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʨʠ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ: 

ˢ͔͍͙ͣͨͪͤ͊ͪ ˮ͙͍͙ͤ͒ͤ͊ͪ ˶͙͍͙ͦͨͤ͊ͪ 

˹͔͡ͺ͙͍͙ͤ͊ͪ ˾͙͍͙ͭͦͤ͊ͪ ˿͍͙͍͙͊ͤ͊ͪ͟ 
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ʊʝʤʧʝʨʘʪʫʨʘ 
ÁC 

ɸʤʧʨʝʥʘʚʠʨ ʀʥʜʠʥʘʚʠʨ ʃʦʧʠʥʘʚʠʨ ʅʝʣʬʠʥʘʚʠʨ ʈʠʪʦʥʘʚʠʨ ʉʘʢʚʠʥʘʚʠʨ 

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 ʋʢʘʞʠʪʝ ʠʥʛʠʙʠʪʦʨ ʩ ʥʘʠʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʜʠʩʩʦʮʠʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʧʨʠ 25 ÁC. 

3.5 ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʘʩʩʦʮʠʘʮʠʠ (ʩʚʷʟʳʚʘʥʠʷ) ʩ ʧʨʦʪʝʘʟʦʡ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʥʛʠʙʠʪʦʨʘ ʧʨʠ 25 ÁC. ʋ ʢʘʢʦʛʦ ʠʥʛʠʙʠʪʦʨʘ ʩʢʦʨʦʩʪʴ ʩʚʷʟʳʚʘʥʠʷ ʥʘʠʙʦʣʴʰʘʷ? 

3.6 ʈʘʩʩʯʠʪʘʡʪʝ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ȹGÿ (ʪ.ʝ., Ea) ʜʠʩʩʦʮʠʘʮʠʠ ʣʦʧʠʥʘʚʠʨʘ, ʘ ʪʘʢʞʝ 

ʠʥʛʠʙʠʪʦʨʦʚ ʠʟ ʧʧ. 3.4 ʠ 3.5. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʚ ʫʢʘʟʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ï ʧʦʩʪʦʷʥʥʘʷ. 

3.7 ʗʚʣʷʶʪʩʷ ʣʠ ʠʥʛʠʙʠʪʦʨ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʠʥʛʠʙʠʪʦʨ 

ʠʟ ʧ. 3.1, ʩʠʣʴʥʝʝ ʚʩʝʛʦ ʩʚʷʟʳʚʘʶʱʠʡʩʷ ʩ ʙʝʣʢʦʤ, ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʚʝʱʝʩʪʚʦʤ? ɺʦʧʨʦʩ 

ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ: ʢʘʢ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʠʣʘ ʩʚʷʟʳʚʘʥʠʷ, ʚʳʨʘʞʘʝʤʘʷ ʢʦʥʩʪʘʥʪʦʡ 

ʜʠʩʩʦʮʠʘʮʠʠ, ʠ ʩʢʦʨʦʩʪʴ ʜʠʩʩʦʮʠʘʮʠʠ, ʚʳʨʘʞʘʝʤʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʥʝʨʛʠʝʡ 

ʘʢʪʠʚʘʮʠʠ? 

 

 

ɿʘʜʘʯʘ 4. ʕʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʘʮʝʪʦʬʝʥʦʥʘ ʩ ʭʠʨʘʣʴʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ (R)-CAT (2 ʤʦʣ.%) ʧʨʠ ī40 ÁC ʚ 

ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʜʘʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, (R)-1-ʬʝʥʠʣʵʪʘʥʦʣ-1, ʩ 70%-ʤ ʚʳʭʦʜʦʤ 

ʠ 90%-ʤ ʵʥʘʥʪʠʦʤʝʨʥʳʤ ʠʟʙʳʪʢʦʤ (ee). ʋʜʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʧʨʦʜʫʢʪʘ [Ŭ]D20 = +45Á (c 1.00, 

EtOH). 

4.1 ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ. 

4.2 ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ (R)-ʧʨʦʜʫʢʪʘ kR = 2.5 Ĭ 10ī5 ʩī1 ʧʨʠ ī40 ÁC. 

ʏʝʤʫ ʨʘʚʥʘ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ kS ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ (S)-ʧʨʦʜʫʢʪʘ ʧʨʠ ʪʦʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʝ? 

4.3 ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ (S)-ʧʨʦʜʫʢʪʘ Ea(S) = 80 ʢɼʞÖʤʦʣʴī1. 

ʆʧʨʝʜʝʣʠʪʝ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ Ea(R) ʦʙʨʘʟʦʚʘʥʠʷ (R)-ʧʨʦʜʫʢʪʘ, ʩʯʠʪʘʷ, ʯʪʦ 

ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʤʥʦʞʠʪʝʣʠ ʦʙʝʠʭ ʨʝʘʢʮʠʡ ʦʜʠʥʘʢʦʚʳ. 

4.4 ʂʘʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʦʙʭʦʜʠʤʘ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ 99% ee? ʇʦʯʝʤʫ ʵʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʘʢʮʠʠ? 

4.5 ʆʧʨʝʜʝʣʠʪʝ ʫʜʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ [Ŭ]D20 (c 1.00, EtOH) ʧʨʦʜʫʢʪʘ, ʝʩʣʠ ʨʝʘʢʮʠʶ 

ʧʨʦʚʦʜʠʪʴ ʧʨʠ 0 ÁC ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ (S)-CAT (4 ʤʦʣ.%), ʷʚʣʷʶʱʠʡʩʷ ʵʥʘʥʪʠʦʤʝʨʦʤ 

(R)-CAT. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʦʡ ʞʝ ʧʨʠʙʦʨ ʩ ʪʦʡ ʞʝ ʢʶʚʝʪʦʡ, ʯʪʦ ʠ ʚ 

ʩʣʫʯʘʝ (R)-CAT. 

4.6 ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʦʧʪʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ ʧʨʦʜʫʢʪʘ ʧʦʩʣʝ ʨʝʘʢʮʠʠ? 
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ɿʘʜʘʯʘ 5. ʉʚʝʨʭʙʳʩʪʨʳʝ ʨʝʘʢʮʠʠ 

ʉʢʦʨʦʩʪʴ ʠʩʪʠʥʥʳʭ ʨʝʘʢʮʠʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʦʢʘʟʘʣʘʩʴ ʥʝʠʟʤʝʨʠʤʦ ʚʳʩʦʢʦʡ.  

ʋʯʝʙʥʠʢ ʧʦ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, Eucken, 1949 

ʆʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʚʝʨʭʙʳʩʪʨʳʭ ʨʝʘʢʮʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʤʝʰʠʚʘʥʠʠ 

ʨʝʘʛʝʥʪʦʚ. ʕʣʝʛʘʥʪʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʅʝʡʪʨʘʣʠʟʘʮʠʷ ï ʦʪʣʠʯʥʳʡ ʧʨʠʤʝʨ ʩʚʝʨʭʙʳʩʪʨʦʡ ʨʝʘʢʮʠʠ: 

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

ʵʥʪʘʣʴʧʠʷ ʨʝʘʢʮʠʠ ʨʘʚʥʘ ī49.65 ʢɼʞÖʤʦʣʴī1 ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 298ï373 K. ʇʣʦʪʥʦʩʪʴ 

ʚʦʜʳ 1.000 ʛÖʩʤī3. 

5.1 ɺʦʜʘ ʠʤʝʝʪ pH = 7.00 ʧʨʠ 298 K. ʈʘʩʩʯʠʪʘʡʪʝ ʢʘʞʫʱʫʶʩʷ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ  

ὑ  ʨʝʘʢʮʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ. ʆʧʨʝʜʝʣʠʪʝ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦʧʠʠ ʚ ʵʪʦʡ 

ʨʝʘʢʮʠʠ. 

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

ʊʷʞʝʣʘʷ ʚʦʜʘ ʫʯʘʩʪʚʫʝʪ ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʦʥʘ ʜʠʩʩʦʮʠʠʨʫʝʪ 

ʭʫʞʝ, ʯʝʤ ʣʝʛʢʘʷ ʚʦʜʘ ʧʨʠ ʪʘʢʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ: Kw(D2O) = 1.35 Ĭ 10ī15 ʧʨʠ 298 K. 

 
5.3 ʏʝʤʫ ʨʘʚʥʦ pD ʪʷʞʝʣʦʡ ʚʦʜʳ ʧʨʠ 298 K? 

5.4 ɿʘʧʠʰʠʪʝ ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ D2O ʯʝʨʝʟ 

ʢʦʥʮʝʥʪʨʘʮʠʠ D+, ODī ʠ D2O. 

ʉʦʩʪʘʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨ.r ʇʨʠ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ, 

ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʦʯʝʥʴ ʙʳʩʪʨʦʛʦ ʪʝʧʣʦʚʦʛʦ ʠʤʧʫʣʴʩʘ, ʨʘʚʥʦʚʝʩʠʝ ʥʘʨʫʰʘʝʪʩʷ, ʘ 

ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʘ ʨʝʣʘʢʩʠʨʫʝʪ ʢ ʥʦʚʦʤʫ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʘʚʫ. 

ʈʝʣʘʢʩʘʮʠʶ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʚʝʣʠʯʠʥ rx, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʦʪʢʣʦʥʝʥʠʝ ʪʝʢʫʱʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ ʨʘʚʥʦʚʝʩʥʳʭ:  

ὼ  $/ $/ /$ /$ $ $   

5.5 ɺʳʨʘʟʠʪʝ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ   ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ x. ʇʨʠʚʝʜʠʪʝ ʠ ʪʦʯʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʠ 

ʫʨʘʚʥʝʥʠʝ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 

ʈʝʰʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʚʳʚʝʜʝʥʥʦʛʦ ʚ ʧ. 5.5, ʠʤʝʝʪ ʚʠʜ: 

ὼ ὼπ ÅØÐ ὸ Ὧ $ Ὧ /$ Ὧ  

ʛʜʝ ὼπ ï ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʨʘʚʥʦʚʝʩʠʷ ʚ ʤʦʤʝʥʪ ʜʝʡʩʪʚʠʷ ʚʦʟʙʫʞʜʝʥʠʷ. 

5.6 ɼʣʷ ʪʷʞʝʣʦʡ ʚʦʜʳ ʧʨʠ 298 K ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ (ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʨʘʚʥʦʚʝʩʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʚ e ʨʘʟ) † = 162 ʤʢʩ. ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʡ. ʇʣʦʪʥʦʩʪʴ ʪʷʞʝʣʦʡ ʚʦʜʳ ɟ = 1.107 ʛÖʩʤī3, ʤʦʣʷʨʥʘʷ 

ʤʘʩʩʘ M = 20.03 ʛ/ʤʦʣʴ. 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ / ʉʣʦʚʘʢʠʷ & ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ, 2018 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ: ʪʝʦʨʠʷ www.50icho.eu 15 

 
 

ʉʚʝʨʭʙʳʩʪʨʳʝ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʪʘʢʞʝ ʟʘʧʫʩʢʘʪʴ, ʨʝʟʢʦ ʠʟʤʝʥʷʷ pH ʩʨʝʜʳ. ʉʚʝʨʭʙʳʩʪʨʳʡ 

ʣʘʟʝʨʥʳʡ ʠʤʧʫʣʴʩ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʩʢʘʯʦʢ pH ʚ ʩʠʩʪʝʤʝ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ 

ʬʦʪʦʢʠʩʣʦʪʘʤʠ. ʋ ʵʪʠʭ ʚʝʱʝʩʪʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʨʝʟʢʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʠ ʚʦʟʙʫʞʜʝʥʥʦʤ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʅʘʧʨʠʤʝʨ, pKa 6-ʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ-2-

ʩʫʣʴʬʦʥʘʪʘ ʨʘʚʝʥ 9.12 ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 1.66 ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ.  

 

5.7 1 ʩʤ3 ʨʘʩʪʚʦʨʘ 6-ʛʠʜʨʦʢʩʠʥʘʬʪʘʣʠʥ-2-ʩʫʣʴʬʦʥʘʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5.0 Ĭ 10ī3 

ʤʦʣÖɹʜʤī3 ʦʙʣʫʯʠʣʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 297 ʥʤ. ʇʦʛʣʦʪʠʣʦʩʴ 2.228 Ĭ 10ī3 ɼʞ 

ʵʥʝʨʛʠʠ. ʈʘʩʩʯʠʪʘʡʪʝ pH ʜʦ ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ɸʚʪʦʧʨʦʪʦʣʠʟʦʤ ʚʦʜʳ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ. 

ʇʨʠʤʝʯʘʥʠʝ. ʉʪʘʥʜʘʨʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʨʘʩʪʚʦʨʝ c0 = 1 ʤʦʣÖɹʜʤī3. ʇʨʠʤʠʪʝ, ʯʪʦ ʚʩʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʢʪʠʚʥʦʩʪʠ ɔi = 1. ʂʫʙʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʨʝʰʘʪʴ ʣʶʙʳʤ 

ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʘʢʝʪʦʚ. 

 

 

ɿʘʜʘʯʘ 6. ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʟʦʪʦʧʥʳʝ ʵʬʬʝʢʪʳ 

ʈʘʟʣʠʯʥʳʝ ʠʟʦʪʦʧʳ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʜʯʠʥʷʶʪʩʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʭʠʤʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʘʤ, 

ʦʜʥʘʢʦ, ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʚ ʤʘʩʩʘʭ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ. 

ʂʠʥʝʪʠʯʝʩʢʠʤ ʠʟʦʪʦʧʥʳʤ ʵʬʬʝʢʪʦʤ ʥʘʟʳʚʘʶʪ ʷʚʣʝʥʠʝ, ʢʦʛʜʘ ʠʟʦʪʦʧʥʦ ʟʘʤʝʱʝʥʥʳʝ 

ʤʦʣʝʢʫʣʳ ʚʩʪʫʧʘʶʪ ʚ ʨʝʘʢʮʠʶ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. ʕʪʦ ʷʚʣʝʥʠʝ ʙʳʣʦ ʚʧʝʨʚʳʝ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ 1933 ʛʦʜʫ ʕʡʨʠʥʛʦʤ ʠ ʇʦʣʷʥʠ, ʠ ʩ ʪʦʛʦ ʚʨʝʤʝʥʠ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʟʦʪʦʧʥʳʝ 

ʵʬʬʝʢʪʳ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʥʦʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. 

ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ ʤʦʣʝʢʫʣ ʢʚʘʥʪʦʚʘʥʳ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, ʚ ʢʦʪʦʨʦʡ ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʥʠʡ ʠʤʝʝʪ 

ʚʠʜ: 

Ὁ  Ö
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ς
È’ ȟ 

ʛʜʝ v = 0, 1, 2, ... ï ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ, ’ ï ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ 

ʩ ʩʠʣʦʚʦʡ ʢʦʥʩʪʘʥʪʦʡ k ʠ ʧʨʠʚʝʜʝʥʥʦʡ ʤʘʩʩʦʡ Õ: 
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ʇʨʠʤʝʯʘʥʠʝ: ʚ ɻʪʦʡ ʟʘʜʘʯʝ ʦʢʨʫʛʣʷʡʪʝ ʘʪʦʤʥʳʝ ʤʘʩʩʳ ʠʟʦʪʦʧʦʚ ʜʦ ʮʝʣʳʭ, ʝʩʣʠ ʥʝ ʫʢʘʟʘʥʦ 

ʠʥʦʝ. 

6.1 ʈʘʩʩʤʦʪʨʠʤ ʦʙʳʯʥʫʶ ʜʚʫʭʘʪʦʤʥʫʶ ʤʦʣʝʢʫʣʫ 1HF. ʈʘʩʩʯʠʪʘʡʪʝ ʝʝ ʢʦʣʝʙʘʪʝʣʴʥʫʶ 

ʯʘʩʪʦʪʫ (ʚ ʩʤï1) ʠ ʵʥʝʨʛʠʠ ʧʝʨʚʳʭ ʜʚʫʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʫʨʦʚʥʝʡ (ʚ ɼʞ). ʉʠʣʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ k = 968 ʢʛÖʩī2. 
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6.2 ʀʟʦʪʦʧʥʦʝ ʟʘʤʝʱʝʥʠʝ ʥʝ ʚʣʠ̫ʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪ ɹʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʳ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, k ʦʩʪʘʝʪʩʷ ʪʦʡ ʞʝ ʩʘʤʦʡ. ɿʥʘʷ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʯʘʩʪʦʪʫ 1HAX (2 439.0 

ʩʤī1) ʠ 2DA+2X (1 734.8 ʩʤī1), ʦʧʨʝʜʝʣʠʪʝ ʵʣʝʤʝʥʪ X. 

6.3 ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʢʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ ʚʥʦʩʠʪ ʵʥʝʨʛʠʷ ʥʫʣʝʚʳʭ 

ʢʦʣʝʙʘʥʠʡ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʦʣʝʙʘʥʠʝ ʩ ʫʯʘʩʪʠʝʤ ʠʟʦʪʦʧʥʦʟʘʤʝʱʝʥʥʦʛʦ 

ʘʪʦʤʘ ʚ ʧʝʨʝʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʨʝʘʛʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ ʨʘʟʣʠʯʠʝ ʚ ʵʥʝʨʛʠʷʭ ʘʢʪʠʚʘʮʠʠ ʚʳʟʚʘʥʦ ʪʦʣʴʢʦ 

ʨʘʟʥʠʮʝʡ ʚ ʵʥʝʨʛʠʠ ʥʫʣʝʚʳʭ ʢʦʣʝʙʘʥʠʡ. ʏʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ CīH ʠ CīD ʨʘʚʥʳ 

2 900 ʩʤī1 ʠ 2 100  ʩʤī1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʯʠʪʘʡʪʝ ʦʪʥʦʰʝʥʠʝ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ 

k(CīH)/k(CīD) ʜʣʷ ʨʘʟʨʳʚʘ ʩʚʷʟʠ CīH/D ʧʨʠ 300 K. 

6.4 ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʟʦʪʦʧʥʳʝ ʵʬʬʝʢʪʳ ʧʦʤʦʛʘʶʪ ʦʧʨʝʜʝʣʠʪʴ ʣʠʤʠʪʠʨʫʶʱʫʶ ʩʪʘʜʠʶ 

ʤʥʦʛʠʭ ʤʝʭʘʥʠʟʤʦʚ. ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʧʝʥʘ ʠʟ 1-ʙʨʦʤʧʨʦʧʘʥʘ ʠ 1-ʙʨʦʤ-2,2-

ʜʠʜʝʡʪʝʨʦʧʨʦʧʘʥʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʢʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ kH/kD = 6.5. ʇʦ 

ʢʘʢʦʤʫ ʤʝʭʘʥʠʟʤʫ ï E1 ʠʣʠ E2 ï ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ? E1 ʚʢʣʶʯʘʝʪ ʜʚʝ ʩʪʘʜʠʠ: 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʦʢʘʪʠʦʥʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʪʱʝʧʣʝʥʠʝ H+. E2 ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʜʥʫ 

ʩʪʘʜʠʶ: ʦʪʱʝʧʣʝʥʠʝ ʛʘʣʦʛʝʥʘ ʠ ʩʦʩʝʜʥʝʛʦ ʚʦʜʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

 

6.5 ʈʘʩʩʤʦʪʨʠʤ ʦʙʨʘʟʦʚʘʥʠʝ ʘʣʢʝʥʘ ʠʟ 2-ʙʨʦʤ-3,3-ʜʠʜʝʡʪʝʨʦ-2-ʤʝʪʠʣʙʫʪʘʥʘ ʠ ʝʛʦ 

ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʦʣʦʛʘ 2-ʙʨʦʤ-2-ʤʝʪʠʣʙʫʪʘʥʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʵʪʘʥʦʣʝ. 

ʅʘʩʢʦʣʴʢʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʙʫʜʝʪ ʢʠʥʝʪʠʯʝʩʢʠʡ ʠʟʦʪʦʧʥʳʡ ʵʬʬʝʢʪ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ? 

 

 

ɿʘʜʘʯʘ 7. ɼʠʟʘʡʥ ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʜʣʷ ʪʝʭʥʦʣʦʛʠʡ ʙʫʜʫʱʝʛʦ ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ: ʩʦʣʥʮʘ, ʚʝʪʨʘ, ʛʠʜʨʦʩʪʘʥʮʠʡ, ʛʝʦʪʝʨʤʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʙʠʦʤʘʩʩʳ. ʍʦʪʷ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʠʩʪʳʝ ʠ ʙʦʛʘʪʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʥʝʨʛʠʠ, ʫ ʥʠʭ ʝʩʪʴ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ: ʦʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʉʦʣʥʮʝ ʥʝ ʩʚʝʪʠʪ ʢʨʫʛʣʦʩʫʪʦʯʥʦ. ʇʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ 

ʧʫʪʝʤ ʟʘʧʘʩʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʫʩʪʦʡʯʠʚʦʡ ʠ ʜʦʩʪʫʧʥʦʡ ʬʦʨʤʝ, ʥʘʧʨʠʤʝʨ ʚ ʚʠʜʝ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ. 

ʉʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ, ʵʪʦ ï ʬʦʪʦʩʠʥʪʝʟ. ʈʘʩʪʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʦʧʣʠʚʘ (ʫʛʣʝʚʦʜʦʚ) ʠʟ ʚʦʜʳ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. 

ʆʜʥʘʢʦ, ʜʣʷ ʵʪʦʛʦ ʠʤ ʪʨʝʙʫʶʪʩʷ ʧʣʦʜʦʨʦʜʥʘʷ ʧʦʯʚʘ, ʚʦʜʘ ʠ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʢʣʠʤʘʪ. ʉ 
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ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʣʠʰʝʥʳ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ 

ʩʧʦʩʦʙʥʳ ʧʨʦʠʟʚʦʜʠʪʴ ʪʦʧʣʠʚʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ, ʥʘʧʨʠʤʝʨ, ʚʦʜʦʨʦʜ. 

ʌʦʪʦʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ (ʌʕʍ) ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ï ʵʪʦ ʵʥʝʨʛʦʝʤʢʠʡ, ʥʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ. 

ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʚʳ ʧʦʟʥʘʢʦʤʠʪʝʩʴ ʩ ʵʣʝʤʝʥʪʘʤʠ ʬʦʪʦʵʣʝʢʪʨʦʭʠʤʠʠ. 

7.1 ʋ ʢʘʢʠʭ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʧʦʣʫʨʝʘʢʮʠʡ ʵʣʝʢʪʨʦʜʥʳʡ 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 ʩʯʠʪʘʷ, ʯʪʦ [Aox] = [Ared], ʚʳʚʝʜʠʪʝ ʬʦʨʤʫʣʫ ʜʣʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʚʝʜʝʥʥʦʡ ʨʝʘʢʮʠʠ ʦʪ pH: 

Ἃox + ᾀe + ὲH+ ᴼἋred +
ὲ

2
H2O 

 
ʂʘʢʦʚ ʭʘʨʘʢʪʝʨ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ, 

ʢʚʘʜʨʘʪʠʯʥʳʡ ʠ ʪ.ʜ.)? 

7.3 ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʚʦʟʤʦʞʥʳʝ ʧʦʣʫʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʦʜʥʦʤ ʨʘʩʪʚʦʨʝ: 

Ἄox + 3e ᴼἌred         ὉἌ
Ј= + 0.536 ˏ  

Ἅox + 2e ᴼἍred         ὉἍ
Ј= + 0.824 ˏ   

 

a) ʂʘʢʘʷ ʠʟ ʥʠʭ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʧʨʠ p = 1 ʘʪʤ, T = 298.15 K? ɹʫʜʝʪ ʣʠ B ʦʢʠʩʣʷʪʴ C 

ʠʣʠ ʥʘʦʙʦʨʦʪ? ʅʘʧʠʰʠʪʝ ʧʦʣʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʤʝʞʜʫ B ʠ C ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ.  

b) ʆʧʨʝʜʝʣʠʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʜʩ ʨʝʘʢʮʠʠ. 

c) ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ ʨʝʘʢʮʠʠ. 

7.4 ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʩʣʝʜʫʶʱʫʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ: ʚ ʦʭʣʘʞʜʝʥʥʦʡ ʷʯʝʡʢʝ 

ʚʦʟʤʦʞʥʳ ʜʚʝ ʨʝʘʢʮʠʠ, ʦʜʥʘ ʠʟ ʥʠʭ ʩ ʫʯʘʩʪʠʝʤ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʘ ʜʨʫʛʘʷ ï ʥʝʪ. 

Ἆox + e ᴼἎred                        ὉἎ = + 0.55 ˏ  

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

a) ʇʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ pH = 0 ʠ T = 262 K. ɽʜʠʥʩʪʚʝʥʥʳʡ 

ʠʟʤʝʥʷʝʤʳʡ ʧʘʨʘʤʝʪʨ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ï pH ʨʘʩʪʚʦʨʘ. ɿʘʧʠʰʠʪʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʘ pH-ʟʘʚʠʩʠʤʦʡ ʧʦʣʫʨʝʘʢʮʠʠ (ʚ ʤʠʣʣʠʚʦʣʴʪʘʭ) ʦʪ pH. 

b) ʇʦʩʪʨʦʡʪʝ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʦʪ pH ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 13 ʜʣʷ 

ʦʙʝʠʭ ʧʦʣʫʨʝʘʢʮʠʡ. 

c) ʅʘʡʜʠʪʝ ʟʥʘʯʝʥʠʝ pH, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʦʢʠʩʣʝʥʠʷ ʚʝʱʝʩʪʚʘ E 

ʨʘʚʥʘ K = 2.56 Ĭ 105.  

d) ʇʦʢʘʞʠʪʝ ʥʘ ʛʨʘʬʠʢʝ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ pH, ʛʜʝ D ʙʫʜʝʪ ʦʢʠʩʣʷʪʴ E. 
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7.5 ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ ʨʘʟʤʝʨʘʤʠ 5 Ĭ 10 Ĭ 0.5 ʤʤ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʝʥʘ ʚ ʨʘʩʪʚʦʨ 

ʦʙʲʝʤʦʤ 10 ʩʤ3, ʩʦʜʝʨʞʘʱʠʡ ʩʦʝʜʠʥʝʥʠʝ ʟʦʣʦʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

c(Au3+) = 5 ʤʤʦʣÖɹʜʤī3. ʉʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʧʦʪʨʝʙʫʝʪʩʷ ʥʘ ʪʦ, ʯʪʦʙʳ ʧʦʢʨʳʪʴ ʧʣʘʩʪʠʥʫ 

ʟʦʣʦʪʦʡ ʧʣʝʥʢʦʡ ʤʘʩʩʦʡ 5 ʤʛ? ʉʯʠʪʘʡʪʝ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʘʝʪʩʷ ʪʦʣʴʢʦ 

ʟʦʣʦʪʦ (MAu = 197 ʛÖʤʦʣʴī1), ʧʦʙʦʯʥʳʭ ʨʝʘʢʮʠʡ ʥʝʪ, ʢʦʥʪʘʢʪʳ ʩ ʵʣʝʢʪʨʦʜʦʤ ʟʘʥʠʤʘʶʪ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʫʶ ʜʦʣʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʩʠʣʘ ʪʦʢʘ ʧʦʩʪʦʷʥʥʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ ʠ ʨʘʚʥʘ 25 ʤA. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ ʧʦʢʨʳʪʘ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʝʡ ʠ ʠʥʝʨʪʥʦʡ ʟʦʣʦʪʦʡ 

ʧʣʝʥʢʦʡ, ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ. ɼʣʷ ʌʕʍ ʧʨʠʣʦʞʝʥʠʡ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ 

ʤʝʪʘʣʣ-ʦʢʩʠʜʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʙʣʘʛʦʜʘʨʷ ʠʭ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. 

ʆʪʣʠʯʥʳʤ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ. ʕʪʦ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢ 

n-ʪʠʧʘ, ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʬʦʪʦʘʥʦʜʘ. ʆʙʱʠʡ ʤʝʭʘʥʠʟʤ 

ʬʦʪʦʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʦʙʣʫʯʘʝʤʳʭ ʩʚʝʪʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ n-ʪʠʧʘ, ʚ ʫʧʨʦʱʝʥʥʦʤ 

ʚʠʜʝ ʚʳʛʣʷʜʠʪ ʪʘʢ. ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʧʦʛʣʦʱʘʝʪ ʬʦʪʦʥ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʝʡ 

(ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ), ʟʘ ʩʯʝʪ ʵʪʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥ ʧʝʨʝʭʦʜʠʪ ʩ ʚʳʩʰʝʡ 

ʟʘʥʷʪʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʙʠʪʘʣʠ (ɺɿʄʆ) ʥʘ ʥʠʟʰʫʶ ʚʘʢʘʥʪʥʫʶ (ʅɺʄʆ), ʦʩʪʘʚʣʷʷ ʟʘ ʩʦʙʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʫʶ ʜʳʨʢʫ (h+). ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʚʦʟʙʫʞʜʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʜʚʠʛʘʶʪʩʷ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʢ ʧʨʦʪʠʚʦ-ʵʣʝʢʪʨʦʜʫ, ʛʜʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʧʦʣʫʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʬʦʪʦʛʝʥʝʨʠʨʫʝʤʘʷ ʜʳʨʢʘ ʫʯʘʩʪʚʫʝʪ ʚ ʧʦʣʫʨʝʘʢʮʠʠ 

ʦʢʠʩʣʝʥʠʷ. ʅʘʙʣʶʜʘʝʤʳʡ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʥʘʟʳʚʘʶʪ ʬʦʪʦʪʦʢʦʤ.  

ʆʙʦʟʥʘʯʠʤ Eg ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʵʥʝʨʛʠʠ ʅɺʄʆ ʠ ɺɿʄʆ. ʕʪʦ ï ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʘʷ ʵʥʝʨʛʠʷ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ) ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝʪʘ. ʆʧʪʠʤʘʣʴʥʳʡ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨ ʜʣʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʜʚʫʤ ʫʩʣʦʚʠʷʤ: 1) ʟʥʘʯʝʥʠʝ Eg ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʨʦʛʦ ʙʦʣʴʰʝ ʵʜʩ ʨʝʘʢʮʠʠ; 

2) ʫʨʦʚʝʥʴ ʵʥʝʨʛʠʠ ɺɿʄʆ ʜʦʣʞʝʥ ʙʳʪʴ ʥʠʞʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ, ʘ ʫʨʦʚʝʥʴ 

ʵʥʝʨʛʠʠ ʅɺʄʆ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʰʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʣʫʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ.  

7.6 ʅʘ ʩʭʝʤʝ ʥʠʞʝ ʧʨʠʚʝʜʝʥʳ ʫʨʦʚʥʠ ʵʥʝʨʛʠʠ ɺɿʄʆ ʠ ʅɺʄʆ ʯʝʪʳʨʝʭ ʤʘʪʝʨʠʘʣʦʚ (FïI), 

ʫʢʘʟʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʦʚ ʠʟʫʯʘʝʤʦʡ ʨʝʘʢʮʠʠ.  
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a) ʂʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ? 

b) ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ (ʚ ʥʤ), ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ. ʆʧʨʝʜʝʣʠʪʝ, ʧʦʜʭʦʜʠʪ ʣʠ ʜʣʷ ʵʪʦʛʦ 

ʋʌ ʠ/ʠʣʠ ʚʠʜʠʤʳʡ ʩʚʝʪ. 

 
 

ɿʘʜʘʯʘ 8. ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʦʜʦʨʦʜʥʳʡ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ ʩ ʧʦʨʠʩʪʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʕʣʝʢʪʨʦʜʳ ʧʨʦʥʠʮʘʝʤʳ ʜʣʷ ʛʘʟʦʚ, ʘ ʢʘʪʦʜ ʪʘʢʞʝ ʜʣʷ ʞʠʜʢʦʡ ʚʦʜʳ. ʅʘ ʢʘʪʦʜ ʧʦʩʪʫʧʘʝʪ 

ʢʠʩʣʦʨʦʜ, ʘ ʥʘ ʘʥʦʜ ï ʚʦʜʦʨʦʜ. ʆʙʨʘʟʫʶʱʫʶʩʷ ʚʦʜʫ ʫʜʘʣʷʶʪ ʠʟ ʢʘʪʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʕʣʝʢʪʨʦʜʳ ʨʘʟʜʝʣʝʥʳ ʧʨʦʚʦʜʷʱʝʡ ʤʝʤʙʨʘʥʦʡ, ʧʨʦʧʫʩʢʘʶʱʝʡ ʪʦʣʴʢʦ ʠʦʥʳ H+. ʊʘʢʦʡ 

ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ ʯʝʨʝʟ ʮʝʧʴ ʩ ʫʯʘʩʪʠʝʤ 

ʵʣʝʢʪʨʦʜʦʚ ʠ ʧʝʨʝʥʦʩ ʧʨʦʪʦʥʦʚ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ï ʜʦʚʦʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ 

ʨʝʘʢʮʠ ʁ ʤʝʞʜʫ ʚʦʜʦʨʦʜʦʤ ʠ ʢʠʩʣʦʨʦʜʦʤ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʚʩʝ ʛʘʟʳ ʠʜʝʘʣʴʥʳʤʠ, ʚʩʝ 

ʚʝʱʝʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 K ʠ ʩʪʘʥʜʘʨʪʥʦʤ ʜʘʚʣʝʥʠʠ 1 ʙʘʨ. 

8.1 ʆʧʨʝʜʝʣʠʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʜʩ ʦʧʠʩʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 K ʠ 

ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʧʦ 1 ʙʘʨ. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʚʦʜʘ ʦʙʨʘʟʫʝʪʩʷ 

ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. 

8.2 ʆʧʨʝʜʝʣʠʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʜʩ ʦʧʠʩʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 K ʠ ʜʘʚʣʝʥʠʷʭ 

ʛʘʟʦʚ ʧʦ 1 ʙʘʨ, ʝʩʣʠ ʚʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

8.3 ʈʘʩʩʯʠʪʘʡʪʝ ʠʜʝʘʣʴʥʳʡ ʢʧʜ (ʪʦ ʝʩʪʴ, ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʨʘʙʦʪʳ ʢ 

ʟʘʪʨʘʯʝʥʥʦʡ ʪʝʧʣʦʪʝ) ʦʙʦʠʭ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ (a) 298 K ʠ (b) 

373 K. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʵʥʪʘʣʴʧʠʷ ʠ ʵʥʪʨʦʧʠʷ ʨʝʘʢʮʠʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨ.r 

ʇʦʭʦʞʠʡ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʪʦʧʣʠʚʥʳʡ ʵʣʝʤʝʥʪ ʨʘʙʦʪʘʝʪ ʥʘ ʙʫʪʘʥʝ ʠ ʢʠʩʣʦʨʦʜʝ. 

8.4 ʅʘʧʠʰʠʪʝ ʜʣʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʫʨʘʚʥʝʥʠʷ ʢʘʪʦʜʥʦʡ ʠ ʘʥʦʜʥʦʡ ʧʦʣʫʨʝʘʢʮʠʡ. 

8.5 ʈʘʩʩʯʠʪʘʡʪʝ ʵʜʩ ʙʫʪʘʥʦ-ʢʠʩʣʦʨʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʙʫʪʘʥ ʧʦʜʘʝʪʩʷ ʥʘ 

ʵʣʝʢʪʨʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 ʂ ʠ ʜʘʚʣʝʥʠʠ 1 ʙʘʨ, ʘ ʢʠʩʣʦʨʦʜ ʥʘʭʦʜʠʪʩʷ ʧʨʠ 

ʜʘʚʣʝʥʠʠ 1 ʙʘʨ. ɺʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. 

8.6 ʈʘʩʩʯʠʪʘʡʪʝ ʠʜʝʘʣʴʥʳʡ ʢʧʜ ʙʫʪʘʥʦ-ʢʠʩʣʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ɺ ʜʨʫʛʦʤ ʙʫʪʘʥʦʚʦʤ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʩʠʜʥʳʡ ʵʣʝʢʪʨʦʣʠʪ ʩ 

ʢʠʩʣʦʨʦʜʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ɺ ʵʪʦʤ ʵʣʝʤʝʥʪʝ ʧʨʦʠʩʭʦʜʷʪ ʧʦʣʫʨʝʘʢʮʠʠ: 

O2 + 4 eī Ÿ 2 O2ī 

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

8.7 ʆʧʨʝʜʝʣʠʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʜʩ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ɽʱʝ ʦʜʠʥ ʵʣʝʤʝʥʪ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʘʥʦʣ. ʕʜʩ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʚʥʘ 

1.21 ɺ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 ʂ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 10 ʤɺ ʧʨʠ 373 K. 

8.8 ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʢʘʪʦʜʥʦʡ ʠ ʘʥʦʜʥʦʡ ʧʦʣʫʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʤʝʪʘʥʦʣʴʥʦʤ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ ʩ ʢʠʩʣʦʪʥʳʤ 

ʵʣʝʢʪʨʦʣʠʪʦʤ. 
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8.9 ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʅʝʨʥʩʪʘ ʜʣʷ ʵʜʩ ʵʣʝʤʝʥʪʘ. ɺʳʙʝʨʠʪʝ ʧʦʜʭʦʜʷʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ. 

8.10 ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʘʥʜʘʨʪʥʫʶ ʵʥʪʘʣʴʧʠʶ ʠ ʵʥʪʨʦʧʠʶ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ 

ʤʝʪʘʥʦʣʴʥʦʤ ʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ, ʩʯʠʪʘʷ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʘʢʮʠʠ 

ï ʤʠʥʠʤʘʣʴʥʳʝ ʥʘʪʫʨʘʣʴʥʳʝ ʯʠʩʣʘ. 

ʋʢʘʟʘʥʠʝ: ʠʩʧʦʣʴʟʫʡʪʝ ʫʨʘʚʥʝʥʠʝ ɺʘʥʪ-ɻʦʬʬʘ. 

ʉʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ: 

ȹfHÁ(H2O(ʞ)) = ī286 ʢɼʞÖʤʦʣʴī1 

ȹfHÁ(H2O(ʛ)) = ī242 ʢɼʞÖʤʦʣʴī1 

ȹfHÁ(CO2(ʛ)) = ī393 ʢɼʞÖʤʦʣʴī1 

ȹfHÁ(C4H10(ʛ)) = ī126 ʢɼʞÖʤʦʣʴī1 

SÁ(H2O(ʞ)) = 70 ɼʞÖʂī1Öʤʦʣʴī1 

SÁ(H2O(ʛ)) = 189 ɼʞÖʂī1Öʤʦʣʴī1 

SÁ(H2(ʛ)) = 131 ɼʞÖʂī1Öʤʦʣʴī1 

SÁ(O2(ʛ)) = 205 ɼʞÖKī1Öʤʦʣʴī1 

SÁ(C(ʪʚ)) = 6 ɼʞÖʂī1Öʤʦʣʴī1 

SÁ(CO2(ʛ)) = 214 ɼʞÖʂī1Öʤʦʣʴī1 

ȹfGÁ(C4H10(ʛ)) = ī17 ʢɼʞÖʤʦʣʴī1 

 
 

ɿʘʜʘʯʘ 9. ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʢʨʦʚʠ 

ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʛʦʤʝʦʩʪʘʟ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʞʝʩʪʢʦ ʨʝʛʫʣʠʨʫʝʤʳʭ ʩʠʩʪʝʤ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ. ʋʩʪʦʡʯʠʚʦʩʪʴ pH ʢʨʦʚʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʫʬʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʆʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʛʦ ʨʝʛʫʣʠʨʫʶʪʩʷ 

ʣʝʛʢʠʤʠ ʠ ʧʦʯʢʘʤʠ. 

9.1 ɽʞʝʜʥʝʚʥʦ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 60 ʤʤʦʣʴ ʢʠʩʣʦʪ, ʢʦʪʦʨʳʝ 

ʧʦʧʘʜʘʶʪ ʚ 6 ʜʤ3 ʢʨʦʚʠ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʨʠʤʝʤ, ʯʪʦ ʙʠʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ ʢʨʦʚʠ ï 

ʟʘʢʨʳʪʘʷ ʜʣʷ ʛʘʟʘ ʩʠʩʪʝʤʘ ʩ ʠʩʭʦʜʥʳʤ pH = 7.4. ʇʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ p(CO2) = 5.3 ʢʇʘ. ʅʘʡʜʠʪʝ pH ʧʨʠ 37 ÁC, ʩʯʠʪʘʷ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʚʳʰʝ ʢʠʩʣʦʪʥʘʷ 

ʥʘʛʨʫʟʢʘ ʧʦʧʘʜʘʝʪ ʚ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʡ ʙʫʬʝʨ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

9.2 ʆʜʥʘʢʦ, ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦ ʩʯʠʪʘʪʴ ʢʨʦʚʴ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʦʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ 

ʧʦʩʪʦʷʥʥʳʤ ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ CO2, ʨʝʛʫʣʠʨʫʝʤʳʤ ʩ ʧʦʤʦʱʴʶ ʜʳʭʘʥʠʷ. 

ʅʘʡʜʠʪʝ ʢʦʥʝʯʥʳʡ pH ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ ʙʫʬʝʨʘ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʚ ʧ. 9.1, 

ʩʯʠʪʘʷ, ʯʪʦ p(CO2) ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʠʩʣʦʪ. ʇʦʧʘʜʘʝʪ ʣʠ ʧʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ pH ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ? ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ. 

9.3 ʇʨʠ ʦʧʝʨʘʮʠʷʭ ʥʘ ʩʝʨʜʮʝ ʠʩʧʦʣʴʟʫʶʪ ʛʠʧʦʪʝʨʤʠʶ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ 

ʤʦʟʛʘ ʠ ʟʘʤʝʜʣʠʪʴ ʤʝʪʘʙʦʣʠʟʤ. ʅʘʡʜʠʪʝ pH ʧʨʠ 20 ÁC (ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʦʪʝʨʤʠʠ), 

ʩʯʠʪʘʷ, ʯʪʦ p(CO2) ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʷʮʠʠ pH ʠ ʝʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʤʦʞʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ʥʘ ʜʨʫʛʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʝʨʝʥʦʩ ʢʠʩʣʦʨʦʜʘ ʢʨʘʩʥʳʤʠ ʢʨʦʚʷʥʳʤʠ ʢʣʝʪʢʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʛʝʤʦʛʣʦʙʠʥ. 

ʇʨʠ ʧʦʥʠʞʝʥʠʠ pH ʩʨʦʜʩʪʚʦ ʛʝʤʦʛʣʦʙʠʥʘ ʢ ʢʠʩʣʦʨʦʜʫ ʫʤʝʥʴʰʘʝʪʩʷ. 

9.4 ʇʨʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ pH ʚ ʤʳʰʮʘʭ ʫʤʝʥʴʰʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʘʥʘʵʨʦʙʥʦʤʫ 

ʤʝʪʘʙʦʣʠʟʤʫ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʣʝʛʢʠʭ CO2 ʫʜʘʣʷʝʪʩʷ ʠʟ ʢʨʦʚʦʪʦʢʘ. ʂʘʢ ʵʪʠ 

ʧʨʦʮʝʩʩʳ ʚʣʠʷʶʪ ʥʘ ʧʝʨʝʥʦʩ ʢʠʩʣʦʨʦʜʘ ʛʝʤʦʛʣʦʙʠʥʦʤ? 
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ʅʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ: 

ʂʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ: pKa (37 ÁC) = 6.1, pKa (25 ÁC) = 6.35 

ʕʥʪʘʣʴʧʠʷ ʠʩʧʘʨʝʥʠʷ: ȹHvap(CO2, ʢʨʦʚʴ) = 19.95 ʢɼʞÖʤʦʣʴī1 

ʂʦʥʩʪʘʥʪʘ ɻʝʥʨʠ ʜʣʷ CO2 ʚ ʢʨʦʚʠ ʧʨʠ 37 ÁC: Hcp(CO2, 37 ÁC, ʢʨʦʚʴ) = 2.3 Ĭ 10ī4 ʤʦʣÖɹʤī3Öʇʘī1  

ʉʯʠʪʘʡʪʝ ʛʘʟ ʠʜʝʘʣʴʥʳʤ, ʘ [H2CO3] = 0. 

 
 

ɿʘʜʘʯʘ 10: ɽʤʢʦʩʪʴ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ 

ʀʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ ï ʵʪʦ ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʚʠʜʝ ʤʝʣʢʠʭ 

ʛʨʘʥʫʣ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʢ ʠʦʥʥʦʤʫ 

ʦʙʤʝʥʫ. ʀʦʥʳ ʠʟ ʨʘʩʪʚʦʨʘ ʩʚʷʟʳʚʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʠʦʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʭʦʜʷʪ ʚ 

ʨʘʩʪʚʦʨ. ʅʘʧʨʠʤʝʨ, ʩʚʷʟʳʚʘʥʠʝ ʢʘʪʠʦʥʦʚ ʠʟ ʤʦʨʩʢʦʡ ʚʦʜʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʚ 

ʨʘʩʪʚʦʨ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ, ʠʟʥʘʯʘʣʴʥʦ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʩʫʣʴʬʦʢʠʩʣʦʪʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʠʦʥʦʦʙʤʝʥʥʦʡ ʩʤʦʣʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʢʘʪʠʦʥʦʦʙʤʝʥʥʫʶ ʩʤʦʣʫ ʢʘʪʝʢʩ A. ʇʦʩʢʦʣʴʢʫ n ʦʯʝʥʴ 

ʚʝʣʠʢʦ, ʢʦʥʮʝʚʳʤʠ ʛʨʫʧʧʘʤʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʘʭ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

 
ʉʪʨʫʢʪʫʨʘ ʢʘʪʝʢʩʘ A. 

10.1 ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʦʚʳʝ ʜʦʣʠ ʩʝʨʳ ʠ ʫʛʣʝʨʦʜʘ. 

10.2 ʈʘʩʩʯʠʪʘʡʪʝ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ Qm ʦʪʜʝʣʴʥʦ ʜʣʷ ʛʨʫʧʧ SO3H 

(ʩʠʣʴʥʳʡ ʢʘʪʝʢʩ) ʠ COOH (ʩʣʘʙʳʡ ʢʘʪʝʢʩ) ʚ ʤʤʦʣÖɹʛī1 ʩʫʭʦʛʦ ʢʘʪʝʢʩʘ. 

10.3 ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʱʫʶ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ Qm,ʦʙ,ɦ ʚ ʤʤʦʣÖɹʛī1. 

ʏʘʩʪʦ ʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ ʨʘʟʙʫʭʘʶʪ ʧʨʠ ʛʠʜʨʘʪʘʮʠʠ, ʪ.ʝ. ʦʙʲʝʤ ʛʨʘʥʫʣ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʠʟ-ʟʘ ʛʠʜʨʘʪʘʮʠʠ ʚʳʩʦʢʦʧʦʣʷʨʥʳʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. 

10.4 ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʱʫʶ ʝʤʢʦʩʪʴ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, QV,ʦʙ,ɦ ʚ ʤʤʦʣÖɹʩʤī3 ʥʘʙʫʭʰʝʡ ʩʤʦʣʳ. 

ʆʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʧʫʩʪʦʪ ʢ ʦʙʱʝʤʫ ʦʙʲʝʤʫ Ů = 0.48, ʧʣʦʪʥʦʩʪʴ ʥʘʙʫʭʰʝʡ ʩʤʦʣʳ  

ɟ = 1.28 ʛÖʩʤī3, ʘ ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʚʦʜʳ ʢ ʤʘʩʩʝ ʩʤʦʣʳ w = 0.45. 

 
 

ɿʘʜʘʯʘ 11. ʉʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ 

ʆʙʱʘʷ ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʢʘʪʝʢʩʘ B ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʩʣʝʜʫʶʱʠʤ ʩʧʦʩʦʙʦʤ. ʆʙʨʘʟʝʮ ʥʘʙʫʭʰʝʛʦ ʢʘʪʝʢʩʘ ʦʙʲʝʤʦʤ 4 ʩʤ3 ʧʨʦʤʳʣʠ ʠʟʙʳʪʢʦʤ 

ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʩʤʦʣʫ ʩ ʢʘʪʠʦʥʘʤʠ ʥʘʪʨʠʷ ʥʘ ʚʩʝʭ 

ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʭ ʮʝʥʪʨʘʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʩʝ ʥʝʩʚʷʟʘʥʥʳʝ ʢʘʪʠʦʥʳ ʥʘʪʨʠʷ ʫʜʘʣʠʣʠ 
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ʧʨʦʤʳʚʘʥʠʝʤ ʚʦʜʦʡ. ɿʘʪʝʤ ʢʦʣʦʥʢʫ ʧʨʦʤʳʣʠ ʨʘʩʪʚʦʨʦʤ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʚʝʩʴ 

ʚʳʰʝʜʰʠʡ ʠʟ ʢʦʣʦʥʢʠ ʨʘʩʪʚʦʨ ʩʦʙʨʘʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʦʙʲʝʤʦʤ 1000 ʩʤ3, ʜʦʣʠʣʠ ʚʦʜʦʡ 

ʜʦ ʤʝʪʢʠ ʠ ʧʦʣʫʯʠʣʠ ʨʘʩʪʚʦʨ ɸ. ʇʨʠ ʵʪʦʤ ʠʦʥʳ H+ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩʦ ʚʩʝʤʠ ʩʣʘʙʳʤʠ 

ʦʙʤʝʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʠ ʩ ʥʝʢʦʪʦʨʳʤʠ ʩʠʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ. ɿʘʪʝʤ ʢʦʣʦʥʢʫ ʧʨʦʤʳʣʠ ʚʦʜʦʡ 

ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʢʦʣʦʥʢʫ ʧʨʦʤʳʣʠ 

ʥʝʡʪʨʘʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ MgSO4 ʠ ʚʳʰʝʜʰʠʡ ʠʟ ʢʦʣʦʥʢʠ ʨʘʩʪʚʦʨ ʩʦʙʨʘʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ 

ʦʙʲʝʤʦʤ 500 ʩʤ3, ʜʦʣʠʣʠ ʚʦʜʫ ʜʦ ʤʝʪʢʠ ʠ ʧʦʣʫʯʠʣʠ ʨʘʩʪʚʦʨ ɺ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ Mg2+ ʙʳʣ 

ʩʚʷʟʘʥ ʩʦ ʚʩʝʤʠ ʩʠʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ ʦʙʤʝʥʘ. 

 
ʉʪʨʫʢʪʫʨʘ ʢʘʪʝʢʩʘ B (R = H, COOH, SO3H). 

ʂʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʥʘʪʨʠʷ ʚ 100 ʩʤ3 ʨʘʩʪʚʦʨʘ A ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠ ʩ 

ʧʦʤʦʱʴʶ ʥʘʪʨʠʡ-ʩʝʣʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʜʘ; ʠʟʤʝʨʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ E1 = ī0.2313 ɺ. ɺ 

ʨʘʩʪʚʦʨʘʭ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʠʦʥʦʚ ʥʘʪʨʠʷ c(Na+) = 10.0 ʤʤʦʣÖɹʜʤī3 ʠ c(Na+) = 

0.100 ʤʤʦʣÖɹʜʤī3 ʧʦʪʝʥʮʠʘʣʳ ʙʳʣʠ ʨʘʚʥʳ E2 = ī0.2283 ɺ ʠ E3 = ī0.3466 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʝʤ ʞʝ ʩʧʦʩʦʙʦʤ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ ʥʘʪʨʠʷ ʚ 100 ʩʤ3 ʨʘʩʪʚʦʨʘ B. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʜʘ ʩʦʩʪʘʚʠʣ E4 = ī0.2534 ɺ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʚ 100 

ʩʤ3 ʨʘʩʪʚʦʨʘ B ʦʧʨʝʜʝʣʠʣʠ ʤʝʪʦʜʦʤ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. ʆʙʲʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ c = 0.1000 ʤʦʣÖɹʜʤī3 ʚ ʪʦʯʢʝ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 12.50 ʩʤ3.  

ɺʩʝ ʧʦʪʝʥʮʠʘʣʳ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 K. 

ʋʢʘʟʘʥʠʝ: ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʥʘʪʨʠʷ ʠʩʧʦʣʴʟʫʡʪʝ ʫʨʘʚʥʝʥʠʝ  

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

11.1 ʈʘʩʩʯʠʪʘʡʪʝ ʝʤʢʦʩʪʴ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʢʘʪʝʢʩʘ, QV, ʧʦ ʩʫʣʴʬʦʛʨʫʧʧʘʤ ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʨʘʟʠʪʝ ʚ ʤʤʦʣÖɹʩʤī3. 

11.2 ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʱʫʶ ʝʤʢʦʩʪʴ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, QV,ʦʙ,ɦ ʚ ʤʤʦʣÖɹʩʤī3. 

 
 

ɿʘʜʘʯʘ 12: ʕʢʩʪʨʘʢʮʠʷ ʫʨʘʥʠʣʘ 

ɼʠ-(2-ʵʪʠʣʛʝʢʩʠʣ)ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ (DEHPA) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʫʨʘʥʠʣ-

ʠʦʥʦʚ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ. ʕʢʩʪʨʘʢʮʠʶ ʫʨʘʥʠʣʘ ʚ ʚʦʜʥʦ-

ʢʝʨʦʩʠʥʦʚʦʡ ʩʤʝʩʠ ʥʘʟʳʚʘʶʪ ñDapex ʧʨʦʮʝʩʩʦʤò. 

DEHPA (HA): 

¶ ï ʩʣʘʙʘʷ ʢʠʩʣʦʪʘ, ʢʦʪʦʨʘʷ ʯʘʩʪʠʯʥʦ ʜʠʩʩʦʮʠʠʨʦʚʘʥʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ 

ʢʦʥʩʪʘʥʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ 

  
 

(!ᵶ! (  ὑȟ
! (

(!
σȢρφρπ 



ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʦʣʠʤʧʠʘʜʘ / ʉʣʦʚʘʢʠʷ & ʏʝʰʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ, 2018 

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʜʘʯʠ: ʪʝʦʨʠʷ www.50icho.eu 23 

 
 

¶ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʚ ʢʝʨʦʩʠʥ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

  

¶ ʚ ʥʝʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʦʙʨʘʟʫʝʪ ʜʠʤʝʨ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ, ʢʦʥʩʪʘʥʪʘ ʜʠʤʝʨʠʟʘʮʠʠ 

  
 

¶ ʚ ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʙʨʘʟʫʝʪ ʥʝʡʪʨʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ 

ʫʨʘʥʠʣ-ʠʦʥʦʤ ʚ ʦʪʥʦʰʝʥʠʠ 2:1 (ʧʨʠʤʝʯʘʥʠʝ: ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩʦʩʪʘʚ ʤʦʞʝʪ 

ʙʳʪʴ ʜʨʫʛʠʤ). 

  
 

ʅʝʡʪʨʘʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʚ ʢʝʨʦʩʠʥ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

  
ʇʨʠʤʠʪʝ, ʯʪʦ: 

¶ ʢʦʥʮʝʥʪʨʘʮʠʠ DEHPA ʜʦ ʵʢʩʪʨʘʢʮʠʠ ʨʘʚʥʳ: cHA,org,0 = 0.500 ʤʦʣÖɹʜʤī3 ʠ  

cHA,aq,0 = 0.000 ʤʦʣÖɹʜʤī3; 

¶ ὧ Ḻὧ , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʢʦʥʮʝʥʪʨʘʮʠʝʡ UO2A2 ʚ 

ʤʘʪʝʨʠʘʣʴʥʦʤ ʙʘʣʘʥʩʝ ʧʦ HA ʢʘʢ ʚ ʚʦʜʥʦʡ, ʪʘʢ ʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ; 

¶ ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʚʦʜʥʦʡ ʬʘʟʳ, Vorg/Vaq = 1.00. 

ʋʨʘʥʠʣ-ʠʦʥʳ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ: 

   

  

ʇʨʠʤʝʯʘʥʠʝ: ʜʣʷ ʧʨʦʩʪʦʪʳ ʢʚʘʜʨʘʪʥʳʝ 

ʩʢʦʙʢʠ ʚ ʦʙʦʟʥʘʯʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʚ 

ʯʠʩʣʠʪʝʣʝ ʙʳʣʠ ʦʧʫʱʝʥʳ.  

ʣʦʛʘʨʠʬʤʳ ʦʙʱʠʭ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʳ: lg ɓ1 = 10.5, lg ɓ2 = 21.2,  

lg ɓ3 = 28.1, lg ɓ4 = 31.5. 

12.1 ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʝʧʝʥʴ ʵʢʩʪʨʘʢʮʠʠ ʫʨʘʥʠʣ-ʠʦʥʦʚ ʠʟ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ὧ  = 2.00 Ĭ 10ī2 ʤʦʣÖɹʜʤī3.  

ʋʢʘʟʘʥʠʝ: ʩʥʘʯʘʣʘ ʨʘʩʩʯʠʪʘʡʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ DEHPA ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʧʦʩʣʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩ ʚʦʜʥʦʡ ʬʘʟʦʡ, ʪ.ʝ. ʥʘʡʜʠʪʝ [HA]org. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʡʪʝ 

ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʧʦ HA. ʋʯʠʪʳʚʘʡʪʝ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ DEHPA ʚ ʦʙʝʠʭ ʬʘʟʘʭ. 

12.2 ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʝʧʝʥʴ ʵʢʩʪʨʘʢʮʠʠ ʫʨʘʥʠʣ-ʠʦʥʦʚ ʠʟ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ὧ  = 2.00 Ĭ 10ī4 ʤʦʣÖɹʜʤī3.  

ʋʢʘʟʘʥʠʝ: ʠʩʧʦʣʴʟʫʡʪʝ ʪʫ ʞʝ ʧʨʦʮʝʜʫʨʫ, ʯʪʦ ʠ ʚ ʧ. 12.1. 

ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʯʠʪʳʚʘʡʪʝ ʪʦʣʴʢʦ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʨʘʚʥʦʚʝʩʠʷ. 
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ɿʘʜʘʯʘ 13. ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʘ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʘʭ 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʯʝʰʩʢʠʝ ʠ ʩʣʦʚʘʮʢʠʝ ʦʪʙʝʣʠʚʘʶʱʠʝ ʠ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʝ ʩʨʝʜʩʪʚʘ 

ʚʢʣʶʯʘʶʪ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʨʘʩʪʚʦʨ, ʥʘʟʳʚʘʝʤʳʡ ñSAVOò. ʉʚʦʡʩʪʚʘ ʧʦʜʦʙʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʜʝʨʞʘʥʠʝʤ ʘʢʪʠʚʥʦʛʦ (ʩʚʦʙʦʜʥʦʛʦ) ʭʣʦʨʘ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʘ ʢ ʦʙʨʘʟʮʫ ʜʦʙʘʚʣʷʶʪ ʠʟʙʳʪʦʢ ʠʦʜʠʜʘ ʢʘʣʠʷ ʠ ʪʠʪʨʫʶʪ 

ʚʳʜʝʣʷʶʱʠʡʩʷ ʠʦʜ ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ. 

13.1 ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʠ (i) ʤʝʞʜʫ ʭʣʦʨʦʤ ʠ ʚʦʜʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ A 

ʠ B ʠ ʨʝʘʢʮʠʠ (ii) ʤʝʞʜʫ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ ʠ ʚʦʜʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ A ʠ 

C. ʂʘʢʘʷ ʬʦʨʤʘ A ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ? 

13.2 ʂʦʤʤʝʨʯʝʩʢʠʡ SAVO ʩʦʜʝʨʞʠʪ 22.4 ʛÖʜʤī3 ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʘ. ʏʝʤʫ ʨʘʚʥʘ ʤʦʣ̫ʨʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ SAVO? 

13.3 ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ 10.00 ʩʤ3 SAVO (ʧʣʦʪʥʦʩʪʴ 

1.070 ʛÖʩʤī3) ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʝʨʝʥʝʩʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ ʥʘ 250 ʩʤ3, ʨʘʟʙʘʚʠʣʠ ʚʦʜʦʡ 

ʜʦ ʤʝʪʢʠ ʠ ʧʝʨʝʤʝʰʘʣʠ ʨʘʩʪʚʦʨ. ɸʣʠʢʚʦʪʫ ʨʘʩʪʚʦʨʘ ʦʙʲʝʤʦʤ 10.00 ʩʤ3 ʧʝʨʝʥʝʩʣʠ ʚ 

ʢʦʣʙʫ ʜʣʷ ʪʠʪʨʦʚʘʥʠʷ ʠ ʨʘʟʙʘʚʠʣʠ ʧʨʠʤʝʨʥʦ 50 ʩʤ3 ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʇʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ 5 ʛ ʠʦʜʠʜʘ ʢʘʣʠʷ ʚʳʜʝʣʠʚʰʠʡʩʷ ʠʦʜ ʦʪʪʠʪʨʦʚʘʣʠ ʜʦ ʪʦʯʢʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ 10.15 ʩʤ3 ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.0503 ʤʦʣÖɹʜʤī3. ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ ʚ 

ʠʩʭʦʜʥʦʤ SAVO. 

 
 

ɿʘʜʘʯʘ 14. ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʬʝʡʝʨʚʝʨʢʘʭ 

ʇʠʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʬʝʡʝʨʚʝʨʢʦʚ, ʩʦʜʝʨʞʘʪ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ ʚ ʩʦʩʪʘʚʝ ʛʦʨʶʯʝʛʦ, ʦʢʠʩʣʠʪʝʣʝʡ ʠʣʠ ʜʦʙʘʚʦʢ. ʊʠʧʠʯʥʦʝ ʛʦʨʶʯʝʝ ï ʧʦʨʦʰʦʢ 

ʤʝʪʘʣʣʘ, ʘ ʪʠʧʠʯʥʳʝ ʦʢʠʩʣʠʪʝʣʠ ï ʧʝʨʭʣʦʨʘʪʳ, ʭʣʦʨʘʪʳ, ʥʠʪʨʘʪʳ ʱʝʣʦʯʥʳʭ, 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʠʣʠ ʥʝʢʦʪʦʨʳʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʩʝ ʵʪʠ ʚʝʱʝʩʪʚʘ ʣʝʛʢʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ. 

14.1 ʆʙʲʷʩʥʠʪʝ ʧʨʠʥʮʠʧʳ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʤʝʥʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʪʨʠʷ, ʙʘʨʠʷ ʠ ʣʠʪʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʂʘʢʦʡ ʮʚʝʪ ʧʨʠʜʘʝʪ ʧʣʘʤʝʥʠ 

ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʠʦʥʦʚ? 

ʀʦʥʳ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʪʨʦʚʘʥʠʝʤ ʩ ʕɼʊɸ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʣʘʙʦʡ ʢʠʩʣʦʪʦʡ: pKa1 = 

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

14.2 ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʣʣ-ʕɼʊɸ. ʂʘʢʠʝ ʬʦʨʤʳ ʕɼʊɸ, ʜʦʣʷ ʢʦʪʦʨʳʭ 

ʧʨʝʚʳʰʘʝʪ 0.5% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʕɼʊɸ, ʠʤʝʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʩ pH = 10? 

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

ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʤʠʘʯʥʦʛʦ ʙʫʬʝʨʘ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ pH ʨʘʩʪʚʦʨʘ ʦʢʦʣʦ 10. 

14.3 ʏʪʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʘʤʤʠʘʯʥʦʛʦ ʙʫʬʝʨʘ? ɿʘʯʝʤ ʜʣʷ ʵʪʠʭ ʨʝʘʢʮʠʡ ʥʫʞʝʥ ʱʝʣʦʯʥʦʡ 

pH? 
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ɻʦʨʶʯʘʷ ʩʤʝʩʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʬʝʡʝʨʚʝʨʢʘʭ, ʩʦʜʝʨʞʠʪ ʮʠʥʢ, ʤʘʛʥʠʡ, ʩʚʠʥʝʮ. ɼʨʫʛʠʭ 

ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ ʚ ʥʝʡ ʥʝʪ. ɸʥʘʣʠʟ ʩʤʝʩʠ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʠ ʩʪʘʜʠʠ:  

i. ʅʘʚʝʩʢʫ (0.8472 ʛ) ʨʘʩʪʚʦʨʠʣʠ ʚ ʚʦʜʝ ʠ ʜʦʙʘʚʠʣʠ ʠʟʙʳʪʦʢ ʮʠʘʥʠʜʘ, ʯʪʦʙʳ 

ʟʘʤʘʩʢʠʨʦʚʘʪʴ ʮʠʥʢ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʪʠʪʨʦʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʕɼʊɸ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.01983 ʤʦʣʴÖʜʤī3, ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ 

ʧʦʪʨʝʙʦʚʘʣʦʩʴ V1 = 35.90 ʩʤ3 ʨʘʩʪʚʦʨʘ. 

ii. ɿʘʪʝʤ ʜʦʙʘʚʠʣʠ 2,3-ʜʠʤʝʨʢʘʧʪʦʧʨʦʧʘʥʦʣ-1 (DMP) ʠ ʚʳʜʝʣʠʚʰʫʶʩʷ ʕɼʊɸ 

ʦʪʪʠʪʨʦʚʘʣʠ ʜʦ ʪʦʯʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ 12.80 ʩʤ3 ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ Mg2+ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.01087 ʤʦʣʴÖʜʤī3. 

iii. ʅʘʢʦʥʝʮ, ʜʦʙʘʚʠʣʠ ʬʦʨʤʘʣʴʜʝʛʠʜ ʜʣʷ ʜʝʤʘʩʢʠʨʦʚʢʠ ʠʦʥʦʚ ʮʠʥʢʘ, ʢʦʪʦʨʳʝ 

ʦʪʪʠʪʨʦʚʘʣʠ ʜʦ ʪʦʯʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ V2 = 24.10 ʩʤ3 ʨʘʩʪʚʦʨʘ ʕɼʊɸ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.01983 ʤʦʣÖɹʜʤī3. 

14.4 ʅʘʧʠʰʠʪʝ ʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʘʩʢʠʨʦʚʢʠ ʠ ʜʝʤʘʩʢʠʨʦʚʢʠ ʠʦʥʦʚ ʮʠʥʢʘ. 

14.5 ʆʙʲʷʩʥʠʪʝ, ʟʘʯʝʤ ʜʦʙʘʚʠʣʠ DMP. 

14.6 ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʩʩʫ (ʚ ʤʛ) ʢʘʞʜʦʛʦ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ ʚ 1 ʛ ʛʦʨʶʯʝʡ ʩʤʝʩʠ. 

14.7 10.00 ʩʤ3 ʨʘʩʪʚʦʨʘ Ca2+ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.0500 ʤʦʣʴÖʜʤī3 ʩʤʝʰʘʣʠ ʩ 50.00 ʩʤ3 

ʨʘʩʪʚʦʨʘ ʕɼʊɸ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.0400 ʤʦʣʴÖʜʤī3 ʚ ʤʝʨʥʦʡ ʢʦʣʙʝ ʥʘ 100 ʩʤ3, pH 

ʨʘʩʪʚʦʨʘ ʜʦʚʝʣʠ ʜʦ 6 ʠ ʨʘʟʙʘʚʠʣʠ ʨʘʩʪʚʦʨ ʜʦ ʤʝʪʢʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ Ca2+ ʚ ʨʘʩʪʚʦʨʝ. ɼʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ 

ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ Ca2+ ʩ ʕɼʊɸ ʨʘʚʝʥ 10.61. ʋʯʠʪʳʚʘʡʪʝ ʪʦʣʴʢʦ ʪʝ 

ʨʘʚʥʦʚʝʩʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʧʦʤʷʥʫʪʳ ʚʳʰʝ. 

 
 

ɿʘʜʘʯʘ 15. ʎʚʝʪʘ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʂʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʯʘʩʪʦ ʦʢʨʘʰʝʥʳ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ 

ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ, 

ʚ ʢʦʪʦʨʳʭ ʧʦʛʣʦʱʝʥʠʝ ʚʳʟʚʘʥʦ d-d ʧʝʨʝʭʦʜʘʤʠ. 

 

ʂʦʤʧʣʝʢʩ ʪʠʪʘʥʘ 

ʊʠʪʘʥʦʤʝʪʨʠʷ ï ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʠʪʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʤ 

ʭʣʦʨʠʜʘ ʪʠʪʘʥʘ(III), ʠʤʝʶʱʠʤ ʩʠʥʝ-ʬʠʦʣʝʪʦʚʫʶ ʦʢʨʘʩʢʫ. ʎʚʝʪ ʨʘʩʪʚʦʨʘ ʦʙʫʩʣʦʚʣʝʥ 

ʯʘʩʪʠʮʘʤʠ [Ti(H2O)6]3+, ʠʤʝʶʱʠʤʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ 20 300 ʩʤī1: 
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15.1 ʀʟʦʙʨʘʟʠʪʝ ʥʘ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʩʭʝʤʘʭ ʵʣʝʢʪʨʦʥʥʫ  ʁʢʦʥʬʠʛʫʨʘʮʠ ʁʦʩʥʦʚʥʦʛʦ ʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʦʥʘ [Ti(H2O)6]3+. 

                      

15.2 ʇʨʝʜʩʢʘʞʠʪʝ ʮʚʝʪ ʢʦʤʧʣʝʢʩʘ. ʉʯʠʪʘʡʪʝ, ʯʪʦ ʧʦʛʣʦʱʘʝʪʩʷ ʩʚʝʪ ʩ ɻʥʝʨʛʠʝʡ (ʚʦʣʥʦʚʳʤ 

ʯʠʩʣʦʤ) 20 300 ʩʤī1.  

15.3 ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʚ ʩʧʝʢʪʨʝ ʝʩʪʴ ʚʪʦʨʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʳʛʣʷʜʠʪ ʢʘʢ 

ʧʣʝʯʦ ʧʨʠ 17 400  ʩʤī1. ʆʙʲʷʩʥʠʪʝ ʮʚʝʪ ʢʦʤʧʣʝʢʩʘ ʩ ʫʯʝʪʦʤ ʚʩʝʛʦ ʨʝʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ [Ti(H2O)6]3+ ï ʥʝ ʧʨʘʚʠʣʴʥʳʡ ʦʢʪʘʵʜʨ, 

ʘ ʚʳʪʷʥʫʪʳʡ ʦʢʪʘʵʜʨ. ʕʪʦ ʫʜʣʠʥʝʥʠʝ ʚʳʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ d-

ʧʦʜʫʨʦʚʥʷ. 

15.4 ʀʩʧʦʣʴʟʫʷ ʧʨʠʚʝʜʝʥʥʳʝ ʥʠʞʝ ʩʭʝʤʳ, ʟʘʧʠʰʠʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʦʩʥʦʚʥʦʛʦ (a) ʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ (b) ʠ (c) ʠʦʥʘ [Ti(H2O)6]3+. 

 

 

ʂʦʤʧʣʝʢʩʳ ʢʦʙʘʣʴʪʘ 

K3[CoF6] ï ʦʜʠʥ ʠʟ ʨʝʜʢʠʭ ʧʨʠʤʝʨʦʚ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʦʙʘʣʴʪʘ(III). 

ʌʪʦʨʠʨʦʚʘʥʠʝ ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ(II) ʜʘʝʪ ʬʪʦʨʠʜ ʢʦʙʘʣʴʪʘ(III) (ʨʝʘʢʮʠʷ 1), ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʪʦʨʦʛʦ ʩ ʬʪʦʨʠʜʦʤ ʢʘʣʠʷ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ K3[CoF6] (ʨʝʘʢʮʠʷ 2). 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʚ ʙʝʟʚʦʜʥʦʡ ʩʨʝʜʝ (HF), ʪʘʢ ʢʘʢ ʬʪʦʨʠʜ ʢʦʙʘʣʴʪʘ(III) ʦʢʠʩʣʷʝʪ ʚʦʜʫ 

(ʨʝʘʢʮʠʷ 3). 
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15.5 ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ (1) ï (3).  

ʂʦʤʧʣʝʢʩ [Co(NH3)6]Cl3 ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʘʤʤʠʘʯʥʳʡ ʨʘʩʪʚʦʨ 

ʭʣʦʨʠʜʘ ʢʦʙʘʣʴʪʘ(II) ʠ ʭʣʦʨʠʜʘ ʘʤʤʦʥʠʷ (ʨʝʘʢʮʠʷ 4) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ï 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ. 

15.6 ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ (4). 

15.7 ʂʦʤʧʣʝʢʩ [Co(NH3)6]Cl3 ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʣʶʪʝʦ ʭʣʦʨʠʜʦʤ (ʦʪ ʣʘʪ. luteo ï ʞʝʣʪʳʡ). ʆʥ 

ʠʤʝʝʪ ʜʚʝ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 21 050  ʩʤī1 ʠ 29 400  ʩʤī1 ʚ 

ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʋʌ ʯʘʩʪʠ ʩʧʝʢʪʨʘ. ʇʨʝʜʩʢʘʞʠʪʝ ʮʚʝʪ ʢʦʤʧʣʝʢʩʘ. 

15.8 ʆʙʲʷʩʥʠʪʝ, ʧʦʯʝʤʫ ʢʦʤʧʣʝʢʩ K3[CoF6] ï ʚʳʩʦʢʦʩʧʠʥʦʚʳʡ ʠ ʧʘʨʘʤʘʛʥʠʪʥʳʡ, ʘ 

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

ɺʳʩʦʢʦʩʧʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d6 ʠʤʝʶʪ ʩʧʝʢʪʨʳ, ʘʥʘʣʦʛʠʯʥʳʝ 

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

15.9 ʀʟʦʙʨʘʟʠʪʝ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʩʥʦʚʥʦʛʦ ʠ ʜʚʫʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

[CoF6]3ī, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʩʧʠʥ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʥʝ ʤʝʥʷʝʪʩʷ. 

15.10  ʄʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʭʦʜʘʤ ʚ ʵʪʠ ʩʦʩʪʦʷʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʣʥʦʚʳʤʠ ʯʠʩʣʘʤʠ 11 400  ʩʤī1 ʠ 14 500  ʩʤī1. ʇʨʝʜʩʢʘʞʠʪʝ ʮʚʝʪ 

ʠʦʥʘ [CoF6]3ī. 

 
 

ɿʘʜʘʯʘ 16. ʍʠʤʠʷ ʞʝʣʝʟʘ 

ɾʝʣʝʟʦ ï ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʭʠʤʠʠ ʞʝʣʝʟʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʞʝʣʝʟʘ. 

16.1 ʀʟʦʙʨʘʟʠʪʝ ʜʠʘʛʨʘʤʤʫ ʃʘʪʠʤʝʨʘ ʜʣʷ ʞʝʣʝʟʘ (pH 0), ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʳʝ ʨʝʜʦʢʩ-

ʧʦʪʝʥʮʠʘʣʳ: EÁ(FeO4
2ī, H+/Fe3+) = 1.90 ɺ, EÁ(Fe3+/Fe2+) = 0.77 ɺ, EÁ(Fe2+/Fe) = ī0.44 ɺ. 

ʈʘʩʩʯʠʪʘʡʪʝ ʪʘʢʞʝ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʳ ʧʘʨ FeO4
2ī/Fe2+, FeO4

2ī/Fe ʠ Fe3+/Fe ʠ 

ʜʦʙʘʚʴʪʝ ʠʭ ʢ ʜʠʘʛʨʘʤʤʝ. 

16.2 ʆʧʨʝʜʝʣʠʪʝ ʚʦʣʴʪ-ʵʢʚʠʚʘʣʝʥʪʳ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʞʝʣʝʟʘ ʠ 

ʧʦʩʪʨʦʡʪʝ ʜʠʘʛʨʘʤʤʫ ʌʨʦʩʪʘ. ʇʨʝʜʩʢʘʞʠʪʝ, ʙʫʜʫʪ ʣʠ FeO4
2ī ʠ Fe2+ ʨʝʘʛʠʨʦʚʘʪʴ 

ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ pH = 0. 

ɼʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ (ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ) 

ʨʘʚʥʦʚʝʩʠʡ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʜʠʘʛʨʘʤʤʳ ʇʫʨʙʝ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ pH. ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʜʠʘʛʨʘʤʤʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

ʇʨʠʤʝʤ ʜʣʷ ʧʨʦʩʪʦʪʳ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʠ ʨʘʚʥʳ ʢʦʥʮʝʥʪʨʘʮʠʷʤ (ʭʦʪʷ ʵʪʦ ʠ ʥʝ ʚʩʝʛʜʘ ʚʝʨʥʦ). 

ʇʦʪʝʥʮʠʘʣʳ ʙʫʜʝʤ ʠʟʤʝʨʷʪʴ ʚ ʚʦʣʴʪʘʭ. ɺ ʦʙʦʟʥʘʯʝʥʠʷʭ ʢʘʪʠʦʥʦʚ ʥʝ ʙʫʜʝʤ ʫʢʘʟʳʚʘʪʴ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʪ.ʝ. Fe2+ ʦʙʦʟʥʘʯʘʝʪ [Fe(H2O)6]2+, [Fe(OH)]+ 

ʦʙʦʟʥʘʯʘʝʪ [Fe(H2O)5(OH)]+ ʠ ʪ.ʜ. ʊʦʛʜʘ, ʥʘʧʨʠʤʝʨ, [Fe(OH)3] ï ʵʪʦ ʥʝ ʪʚʝʨʜʳʡ ʛʠʜʨʦʢʩʠʜ 

ʞʝʣʝʟʘ(III), ʘ ʨʘʩʪʚʦʨʝʥʥʳʡ ʥʝʡʪʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ [Fe(OH)3(H2O)3]. 

ʂʘʞʜʘʷ ʣʠʥʠʷ ʥʘ ʜʠʘʛʨʘʤʤʝ ʇʫʨʙʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʠ 

(ʢʦʥʮʝʥʪʨʘʮʠʠ) ʦʙʝʠʭ ʯʘʩʪʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʘʢʮʠʠ, ʨʘʚʥʳ. 
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(a) ɽʩʣʠ ʨʝʘʢʮʠʷ ï ʪʦʣʴʢʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ, ʪʦ ʠʦʥʳ ʚʦʜʦʨʦʜʘ ʚ ʥʝʡ ʥʝ 

ʫʯʘʩʪʚʫʶʪ, ʪʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʣʠʥʠʷ ʥʘ ʜʠʘʛʨʘʤʤʝ ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ (ʨʠʩ. 1a). 

ʊʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ï ʧʘʨʘ Tl+/Tl ʩ EÁ = ī0.34 ɺ (ʚ ʜʠʘʧʘʟʦʥʝ pH ʦʪ 0 ʜʦ 12; ʚ ʙʦʣʝʝ 

ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʙʨʘʟʫʶʪʩʷ ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʳ). ʇʨʷʤʘʷ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ (1). 

ʣʠʥʠʷ a: ʧʦʪʝʥʮʠʘʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʘʢʪʠʚʥʦʩʪʠ/ʢʦʥʮʝʥʪʨʘʮʠʠ Tl+ ʠ Tl(ʪʚ) ʨʘʚʥʳ, ʪ.ʝ. 

a(Tl,ʪʚ) / [Tl+] = 1: 

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

(b) ɽʩʣʠ ʨʝʘʢʮʠʷ ï ʪʦʣʴʢʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʘʷ, ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ, ʪʦ 

ʣʠʥʠ̫ ʥʘ ʜʠʘʛʨʘʤʤʝ ï ʚʝʨʪʠʢʘʣʴʥʘ  ̫(ʨʠʩ. 1b). ʅʘʧʨʠʤʝʨ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʛʠʜʨʦʣʠʟ 

ʠʦʥʘ Ga3+ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 4-ʤ ʩʪʫʧʝʥʷʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʛʠʜʨʦʢʩʦʢʦʤʧʣʝʢʩʦʚ, ʫʨʘʚʥʝʥʠʷ (2ï5). 

Ga3+ + OHī = [Ga(OH)]2+, lgɓ1 = [Ga(OH)2+] / ([Ga3+] Ĭ [OHī]) = 11.4   (2) 

Ga3+ + 2 OHī = [Ga(OH)2]+, lgɓ2 = [Ga(OH)2
+] / ([Ga3+] Ĭ [OHī]2) = 22.1  (3) 

Ga3+ + 3 OHī = [Ga(OH)3], lgɓ3 = [Ga(OH)3] / ([Ga3+] Ĭ [OHī]3) = 31.7   (4) 

Ga3+ + 4 OHī = [Ga(OH)4]ī, lgɓ4 = [Ga(OH)4
ī] / ([Ga3+] Ĭ [OHī]4) = 39.4  (5) 

ʋʨʘʚʥʝʥʠʷ (6-9) ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ: 

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

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

(Ga3+/[Ga(OH)]2+): pH = pKw ī lgɓ1 = 14.0 ī 11.4 = 2.6;    (6) 

ʠ ʘʥʘʣʦʛʠʯʥʦ: 

ʣʠʥʠʷ c: ([Ga(OH)]2+ / [Ga(OH)2]+): 

pH = pKw ī lgɓ2 + lgɓ1 = 14.0 ī 22.1 + 11.4 = 3.3     (7) 

ʣʠʥʠʷ d: ([Ga(OH)2]+ / [Ga(OH)3]): 

pH = pKw ī lgɓ3 + lgɓ2 = 14.0 ī 31.7 + 22.1 = 4.4     (8) 

ʣʠʥʠʷ e: ([Ga(OH)3] / [Ga(OH)4]ī): 

pH = pKw ī lgɓ4 + lgɓ3 = 14.0 ī 39.4 + 31.7 = 6.3     (9) 

(c) ɽʩʣʠ ʨʝʘʢʮʠʷ ʚʢʣʶʯʘʝʪ ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʝ, ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ 

ʨʘʚʥʦʚʝʩʠʷ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʡ ʣʠʥʠʷ ʙʫʜʝʪ ʥʘʢʣʦʥʥʦʡ. ʇʨʠʤʝʨ ï ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (10) ʠ ʠʦʥʘ ʚʦʜʦʨʦʜʘ (11), ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 1c. ʃʠʥʠʠ f 

(ʫʨʘʚʥʝʥʠʝ (12)) ʠ g (ʫʨʘʚʥʝʥʠʝ (13)) ʧʘʨʘʣʣʝʣʴʥʳ, ʪʘʢ ʢʘʢ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʥʘʢʣʦʥ. 

ʆʥʠ ʦʧʨʝʜʝʣʷʶʪ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʜʳ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʦ H2(ʛ) ʠ ʦʢʠʩʣʝʥʠʶ 

ʜʦ O2(ʛ). 

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

2 H+  +  2 eī  Ÿ  H2,   EÁ = 0 ɺ (ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ.)    (11) 

ʣʠʥʠʷ f (O2,H+/H2O): 

E = EÁ ī (0.059 / 4) Ĭ lg[a2(H2O,ʞ) / (a(O2,ʛ) Ĭ [H+]4)] = 1.23 ī 0.059 Ĭ pH  (12) 

ʣʠʥʠʷ g (H+/H2): 
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E = EÁ ī (0.059 / 2) Ĭ lg[a(H2,ʛ) / [H+]2] = ī0.059 Ĭ pH      (13) 

   

(a) (b) (c) 

ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʳ ʇʫʨʙʝ ʜʣʷ ʩʠʩʪʝʤ: (a) Tl+/Tl, (b) Ga3+/[Ga(OH)n](3ī
n)+ ʠ  

(c) H2/H2O/O2 

 

ɺʝʨʥʝʤʩʷ ʢ ʭʠʤʠʠ ʞʝʣʝʟʘ. 

16.3 ʇʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʇʫʨʙʝ ʜʣʷ ʚʩʝʭ ʬʦʨʤ ʞʝʣʝʟʘ ï ʥʝʧʨʦʩʪʘʷ ʟʘʜʘʯʘ. ʈʝʟʫʣʴʪʘʪ 

ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʚʦʜʝ ʯʘʩʪʠʮ, 

ʩʦʜʝʨʞʘʱʠʭ ʞʝʣʝʟʦ, ʚ ʜʠʘʧʘʟʦʥʝ pH ʦʪ 0 ʜʦ 14 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 

a) ʃʠʥʠʠ ʜʝʣʷʪ ʜʠʘʛʨʘʤʤʫ ʥʘ ʤʥʦʛʦ ʟʦʥ. ʆʧʨʝʜʝʣʠʪʝ, ʢʘʢʘʷ ʯʘʩʪʠʮʘ ʥʘʠʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʘ ʚ ʢʘʞʜʦʡ ʟʦʥʝ, ʠ ʚʧʠʰʠʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʫʣʳ ʥʘ ʜʠʘʛʨʘʤʤʫ. 

b) ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʠʟ ʧ. 16.1 ʠ ʊʘʙʣʠʮ r1, ʚʳʚʝʜʠʪʝ ʠ ʟʘʧʠʰʠʪʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ 11 ʠ 17 ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ 2 ʠ 5. 

c) ɺʳʚʝʜʠʪʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʣʠʥʠʶ 6, ʠ ʦʧʨʝʜʝʣʠʪʝ ʢʦʦʨʜʠʥʘʪʳ [pH, E] 

ʝʝ ʧʝʨʝʩʝʯʝʥʠʡ ʩ ʣʠʥʠʷʤʠ 2 ʠ 7. 

d) ʌʝʨʨʘʪ(VI)-ʘʥʠʦʥ ï ʙʦʣʝʝ ʩʠʣʴʥʳʡ ʦʢʠʩʣʠʪʝʣʴ, ʯʝʤ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ 

(ʩʨʘʚʥʠʪʝ ʣʠʥʠʶ f ʥʘ ʨʠʩ. 1c ʩ ʦʙʣʘʩʪʴʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʝʨʨʘʪʘ ʥʘ ʨʠʩ. 2), ʠ 

ʧʦʵʪʦʤʫ ʫʩʪʦʡʯʠʚ ʪʦʣʴʢʦ ʚ ʩʠʣʴʥʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʚ ʢʦʪʦʨʦʡ ʧʦʪʝʥʮʠʘʣʳ O2/H2O 

ʠ FeO4
2ī/[Fe(OH)n](3ī

n)+ ʩʨʘʚʥʠʤʳ ʧʦ ʚʝʣʠʯʠʥʝ. ɺ ʦʙʳʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʬʝʨʨʘʪ 

ʥʝʫʩʪʦʡʯʠʚ ʠ ʦʢʠʩʣʷʝʪ ʚʦʜʫ ʜʦ ʢʠʩʣʦʨʦʜʘ. ʇʨʝʜʣʦʞʠʪʝ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʬʝʨʨʘʪ-ʠʦʥʘ ʠ ʥʘʧʠʰʠʪʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ. 

 

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 
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ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʇʫʨʙʝ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʞʝʣʝʟʘ ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʚʦʜʝ ʯʘʩʪʠʮ, 

ʩʦʜʝʨʞʘʱʠʭ ʞʝʣʝʟʦ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ. 

16.4 ʈʘʩʩʤʦʪʨʠʪʝ ʚʩʝ ʯʘʩʪʠʮʳ ʥʘ ʜʠʘʛʨʘʤʤʝ ʇʫʨʙʝ (ʨʠʩ. 2) ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʤʝʨʘ ʠʦʥʘ 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʠ ʦʙʲʷʩʥʠʪʝ, ʢʘʢʠʝ ʣʠʛʘʥʜʳ ʣʫʯʰʝ ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʢʘʞʜʳʤ ʠʦʥʦʤ ʤʝʪʘʣʣʘ (Fe2+, Fe3+ ʠ ʛʠʧʦʪʝʪʠʯʝʩʢʠʤ Fe6+). 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ, ʢʠʥʝʪʠʯʝʩʢʠʝ, ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʇʦʩʢʦʣʴʢʫ ʞʝʣʝʟʦ ï ʧʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ, ʜʣʷ ʥʝʛʦ 

ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʦʨʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʪʝʦʨʠʶ ʧʦʣʷ ʣʠʛʘʥʜʦʚ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʩʧʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʨʷʜ ʣʠʛʘʥʜʦʚ. 

16.5 ʆʧʨʝʜʝʣʠʪʝ ʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʚʳʩʦʢʦ- ʠʣʠ ʥʠʟʢʦʩʧʠʥʦʚʦʝ) ʩʣʝʜʫʶʱʠʭ ʯʘʩʪʠʮ: 

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

ʩʠʤʤʝʪʨʠʠ, ʨʘʩʩʯʠʪʘʡʪʝ ʕʉʂʇ ʠ ʚʳʨʘʟʠʪʝ ʨʝʟʫʣʴʪʘʪ ʯʝʨʝʟ ʵʥʝʨʛʠʶ ʨʘʩʱʝʧʣʝʥʠʷ ȹo 

ʠ ʵʥʝʨʛʠʶ ʩʧʘʨʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ P.  

16.6 ʅʘ ʨʠʩ. 3 ʠʟʦʙʨʘʞʝʥʳ ʋʌ-ʚʠʜʠʤʳʝ ʩʧʝʢʪʨʳ ʦʨʘʥʞʝʚʦ-ʢʦʨʠʯʥʝʚʦʛʦ FeCl3, 

ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʠʦʥ [Fe(H2O)5OH]2+, ʠ ʥʘʥʦʩʫʩʧʝʥʟʠʠ ʙʝʨʣʠʥʩʢʦʡ ʣʘʟʫʨʠ (ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ Fe4[Fe(CN)6]3). ʇʦʩʪʘʚʴʪʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʞʜʦʤʫ ʚʝʱʝʩʪʚʫ ʩʚʦʡ 

ʩʧʝʢʪʨ. 
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(a) (b) 

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

 

 

ɿʘʜʘʯʘ 17. ʎʠʘʥʠʜʥʳʝ ʠ ʬʪʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʘʨʛʘʥʮʘ 

ɺ ʧʝʨʚʦʤ ʨʷʜʫ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʘʨʛʘʥʝʮ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ 

ʦʢʠʩʣʝʥʠʷ. ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʥʪʝʟ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʮʠʘʥʠʜʥʳʭ ʠ 

ʬʪʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʘʨʛʘʥʮʘ ʚ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʦʪ +1 ʜʦ +4. 

 

ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +1 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʤʘʨʛʘʥʝʮ ʤʝʜʣʝʥʥʦ ʨʝʘʛʠʨʫʝʪ ʩ ʚʦʜʦʡ, ʥʦ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ 2 M 

ʨʘʩʪʚʦʨʝ NaCN ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʩʮʚʝʪʥʦʛʦ ʜʠʘʤʘʛʥʠʪʥʦʛʦ 

Na5[Mn(CN)6] (ʨʝʘʢʮʠʷ 1).  

17.1. ʅʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ (1). 

17.2 ʀʟʦʙʨʘʟʠʪʝ ʜʠʘʛʨʘʤʤʫ ʨʘʩʱʝʧʣʝʥʠʷ d-ʧʦʜʫʨʦʚʥʷ ʜʣʷ ʘʥʠʦʥʘ ʠ ʟʘʧʦʣʥʠʪʝ ʝʝ 

ʵʣʝʢʪʨʦʥʘʤʠ. 

 

ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +2 

ʀʩʭʦʜʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩʣʫʞʘʪ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ ʤʘʨʛʘʥʮʘ(II) 

(ʭʣʦʨʠʜ, ʥʠʪʨʘʪ, ʩʫʣʴʬʘʪ). Mn2+(aq) ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʨʝʘʛʠʨʫʝʪ ʩ ʠʟʙʳʪʢʦʤ CNī ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʥʝʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʦʥ [Mn(CN)6]4ī, ʢʦʪʦʨʳʡ, ʧʦ ʜʘʥʥʳʤ 

ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʠʤʝʝʪ ʦʜʠʥ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ. 

17.3 ʀʦʥ Mn2+(aq) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʳʩʦʢʦʩʧʠʥʦʚʳʡ ʛʝʢʩʘʘʢʚʘ-ʢʦʤʧʣʝʢʩ. 

ʀʟʦʙʨʘʟʠʪʝ ʜʠʘʛʨʘʤʤʫ ʨʘʩʱʝʧʣʝʥʠʷ d-ʧʦʜʫʨʦʚʥʷ, ʟʘʧʦʣʥʠʪʝ ʝʝ ʵʣʝʢʪʨʦʥʘʤʠ ʠ 

ʦʧʨʝʜʝʣʠʪʝ ʯʠʩʣʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

17.4 ʀʟʦʙʨʘʟʠʪʝ ʜʠʘʛʨʘʤʤʫ ʨʘʩʱʝʧʣʝʥʠʷ d-ʧʦʜʫʨʦʚʥʷ ʜʣʷ [Mn(CN)6]4ī ʠ ʟʘʧʦʣʥʠʪʝ ʝʝ 

ʵʣʝʢʪʨʦʥʘʤʠ. 
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ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +3 

ʂʨʘʩʥʳʡ ʠʦʥ [Mn(CN)6]3ī ï ʨʝʜʢʠʡ ʧʨʠʤʝʨ ʥʠʟʢʦʩʧʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʘʨʛʘʥʮʘ(III). ɽʛʦ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ: 

i. ɹʘʨʙʦʪʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʩʦʣʠ ʤʘʨʛʘʥʮʘ(II) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ 

ʮʠʘʥʠʜʘ (ʨʝʘʢʮʠʷ 2). 

ii. ʆʢʠʩʣʝʥʠʝ [Mn(CN)6]4ī 3%-ʤ ʨʘʩʪʚʦʨʦʤ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ (ʨʝʘʢʮʠʷ 3). 

iii. ʆʢʠʩʣʝʥʠʝ ʭʣʦʨʠʜʘ ʤʘʨʛʘʥʮʘ(II) ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ 

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ (ʦʙʨʘʟʫʝʪʩʷ NO) (ʨʝʘʢʮʠʷ 4). ɺʳʧʘʜʘʶʱʠʡ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʡ 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʠ ʨʘʩʪʚʦʨʷʶʪ ʚ ʨʘʩʪʚʦʨʝ ʮʠʘʥʠʜʘ ʧʨʠ 80 ÁC (ʨʝʘʢʮʠʷ 5, 

ʧʨʦʪʝʢʘʝʪ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ). 

17.5 ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʷ ʨʝʘʢʮʠʡ (2)ï(5), ʫʨʘʚʥʝʥʠʷ (2) ʠ (3) ï ʚ ʠʦʥʥʦʤ ʚʠʜʝ. 

17.6 ʀʟʦʙʨʘʟʠʪʝ ʜʠʘʛʨʘʤʤʫ ʨʘʩʱʝʧʣʝʥʠʷ d-ʧʦʜʫʨʦʚʥʷ ʜʣʷ [Mn(CN)6]3ī ʠ ʟʘʧʦʣʥʠʪʝ ʝʝ 

ʵʣʝʢʪʨʦʥʘʤʠ. 

ʌʠʦʣʝʪʦʚʳʡ ʢʦʤʧʣʝʢʩ K3[MnF6] ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʩʪʚʦʨʝʥʠʝʤ ʜʠʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ KHF2 (ʨʝʘʢʮʠʷ 6). 

17.7 ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ (6). 

ʀʟʚʝʩʪʥʳ ʠ ʜʨʫʛʠʝ ʬʪʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʘʨʛʘʥʮʘ(III) ʩ ʢʘʟʘʣʦʩʴ ʙʳ ʦʪʣʠʯʥʳʤʠ ʦʪ 6 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʯʠʩʣʘʤʠ, ʥʘʧʨʠʤʝʨ: Na2[MnF5], Cs[MnF4]. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʚ ʦʙʦʠʭ 

ʢʦʤʧʣʝʢʩʘʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʤʘʨʛʘʥʮʘ ʨʘʚʥʦ 6. ʆʢʪʘʵʜʨʳ [MnF6]oct ʚ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ 

ʩʦʣʝʡ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʬʪʦʨʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ. 

17.8 ʀʟʦʙʨʘʟʠʪʝ ʜʠʘʛʨʘʤʤʫ ʨʘʩʱʝʧʣʝʥʠʷ d-ʧʦʜʫʨʦʚʥʷ [MnF6]3ī ʠ ʟʘʧʦʣʥʠʪʝ ʝʝ 

ʵʣʝʢʪʨʦʥʘʤʠ. 

17.9 ʇʨʝʜʩʢʘʞʠʪʝ ʩʪʨʫʢʪʫʨʫ ʘʥʠʦʥʥʳʭ 1D-ʮʝʧʦʯʝʢ ʚ Na2[MnF5]. 

17.10 ʇʨʝʜʩʢʘʞʠʪʝ ʩʪʨʫʢʪʫʨʫ ʘʥʠʦʥʥʳʭ 2D-ʩʣʦʝʚ ʚ Cs[MnF4]. 

 

ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ +4 

ʆʢʠʩʣʝʥʠʝ ʠʦʥʘ [Mn(CN)6]3ī ʥʠʪʨʦʟʠʣʭʣʦʨʠʜʦʤ ʜʘʝʪ ʠʦʥ [Mn(CN)6]2ī. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʬʦʪʦʣʠʟ ʠʦʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʠʦʥʘ [Mn(CN)4]2ī. 

17.11 ʀʟʦʙʨʘʟʠʪʝ ʜʠʘʛʨʘʤʤʫ ʨʘʩʱʝʧʣʝʥʠʷ d-ʧʦʜʫʨʦʚʥʷ ʜʣʷ [Mn(CN)6]2ī ʠ ʟʘʧʦʣʥʠʪʝ ʝʝ 

ʵʣʝʢʪʨʦʥʘʤʠ. 

17.12 ɺʩʝ ʦʙʳʯʥʳʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤʠ. ʇʦʯʝʤʫ? 

ʀʟʦʙʨʘʟʠʪʝ ʜʠʘʛʨʘʤʤʫ ʨʘʩʱʝʧʣʝʥʠʷ d-ʧʦʜʫʨʦʚʥʷ ʜʣʷ [Mn(CN)4]2ī ʠ ʟʘʧʦʣʥʠʪʝ ʝʝ 

ʵʣʝʢʪʨʦʥʘʤʠ. 

ɾʝʣʪʳʡ ʬʪʦʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ K2[MnF6] ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ KMnO4 ʧʝʨʝʢʠʩʴʶ 

ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ KHF2 ʠ HF (ʨʝʘʢʮʠʷ 7).  

17.13 ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ (7). 

17.14 ʕʣʝʢʪʨʦʥʥʘ  ̫ ʩʪʨʫʢʪʫʨʘ [MnF6]2ī ʘʥʘʣʦʛʠʯʥʘ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ [Mn(CN)6]2ī. 

ʇʦʯʝʤʫ? 
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ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ K2[MnF6] ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʪʦʨʘ, ʥʝ ʧʨʠʙʝʛʘʷ 

ʢ ɻʣʝʢʪʨʦʣʠʟʫ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʥ ʨʝʘʛʠʨʫʝʪ ʩ SbF5 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ K[SbF6], MnF2 ʠ ʬʪʦʨʘ 

(ʨʝʘʢʮʠʷ 8). 

17.15 ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ (8). 

 

 

ɿʘʜʘʯʘ 18. ʃʠʩʘ ʠ ʞʫʨʘʚʣʴ 

ʆʜʥʘʞʜʳ ʣʠʩʘ ʧʨʠʛʣʘʩʠʣʘ ʞʫʨʘʚʣʷ ʥʘ ʦʙʝʜ ʠ, ʞʝʣʘʷ ʧʦʟʘʙʘʚʠʪʴʩʷ, ʫʛʦʩʪʠʣʘ ʝʛʦ ʪʦʣʴʢʦ 

ʩʫʧʦʤ, ʢʦʪʦʨʳʡ ʥʘʣʠʣʘ ʚ ʤʝʣʢʫʶ ʪʘʨʝʣʢʫ. ʉʘʤʘ ʣʠʩʘ ʣʝʛʢʦ ʚʳʣʘʢʘʣʘ ʩʫʧ, ʘ ʞʫʨʘʚʣʴ ʩʦ 

ʩʚʦʠʤ ʜʣʠʥʥʳʤ ʢʣʶʚʦʤ ʪʘʢ ʠ ʦʩʪʘʣʩʷ ʛʦʣʦʜʥʳʤ. ʅʦ ʦʥ ʥʝ ʩʪʘʣ ʞʘʣʦʚʘʪʴʩʷ, ʘ ʧʨʠʛʣʘʩʠʣ 

ʣʠʩʫ ʩ ʦʪʚʝʪʥʳʤ ʚʠʟʠʪʦʤ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʫʞʝ ʣʠʩʘ ʧʨʠʰʣʘ ʢ ʞʫʨʘʚʣʶ ʥʘ ʦʙʝʜ. ʅʘ 

ʵʪʦʪ ʨʘʟ ʩʫʧ ʧʦʜʘʣʠ ʚ ʩʦʩʫʜʝ ʩ ʦʯʝʥʴ ʫʟʢʠʤ ʛʦʨʣʦʤ. ɾʫʨʘʚʣʴ ʣʝʛʢʦ ʜʦʩʪʘʚʘʣ ʝʜʫ ʢʣʶʚʦʤ, ʘ 

ʣʠʩʝ ʦʩʪʘʚʘʣʦʩʴ ʪʦʣʴʢʦ ʦʙʣʠʟʳʚʘʪʴ ʛʦʨʣʳʰʢʦ ʩʦʩʫʜʘ. ʊʘʢ ʦʥʘ ʠ ʫʰʣʘ ʥʝʩʦʣʦʥʦ ʭʣʝʙʘʚʰʠ. 

      

 

 

ʋ ʵʪʦʡ ʠʟʚʝʩʪʥʦʡ ʩʢʘʟʢʠ ʤʦʛ ʙʳ ʙʳʪʴ ʩʦʚʩʝʤ ʜʨʫʛʦʡ ʢʦʥʝʮ: 

ʆʜʥʘʢʦ, ʣʠʩʘ ʙʳʣʘ ʦʯʝʥʴ ʫʤʥʘʷ ʠ ʥʘʰʣʘ ʚʳʭʦʜ ʠʟ ʧʦʣʦʞʝʥʠʷ. ʆʥʘ ʦʛʣʷʜʝʣʘʩʴ ʚʦʢʨʫʛ ʠ 

ʦʙʥʘʨʫʞʠʣʘ ʤʥʦʛʦ ʤʝʣʢʦʡ ʛʘʣʴʢʠ. ʃʠʩʘ ʩʦʙʨʘʣʘ ʛʘʣʴʢʫ ʠ ʩʪʘʣʘ ʙʨʦʩʘʪʴ ʢʘʤʝʰʢʠ ʚ ʩʦʩʫʜ. 

ɾʫʨʘʚʣʴ ʚ ʨʘʩʪʝʨʷʥʥʦʩʪʠ ʩʤʦʪʨʝʣ ʥʘ ʥʝʝ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʧʦʢʘʟʘʣʩʷ 

ʩʫʧ. ʊʦʛʜʘ ʣʠʩʘ ʫʣʳʙʥʫʣʘʩʴ ʠ ʩʢʘʟʘʣʘ: ñʊʝʧʝʨʴ ʠ ʷ ʧʦʝʤò, ʠ ʧʨʠʥʷʣʘʩʴ ʟʘ ʩʫʧ. 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫ ʣʠʩʳ ʵʪʦ ʧʦʣʫʯʠʣʦʩʴ, ʥʝʦʙʭʦʜʠʤ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ 

ʩʫʧʘ. ʕʪʦʪ ʦʙʲʝʤ ʟʘʚʠʩʠʪ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʢʘʤʝʰʢʦʚ, ʢʦʪʦʨʳʝ ʫʤʝʩʪʠʣʠʩʴ ʚ ʩʦʩʫʜʝ, ʘ 

ʧʦʩʣʝʜʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ ʢʘʤʝʰʢʦʚ ʠ ʩʧʦʩʦʙʦʤ ʠʭ ʫʢʣʘʜʢʠ. 

ʀʩʧʦʣʴʟʫʝʤ ʧʨʦʩʪʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ: 

¶ ʉʦʩʫʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʳʡ ʮʠʣʠʥʜʨ ʜʠʘʤʝʪʨʦʤ 10.0  ʩʤ ʠ ʚʳʩʦʪʦʡ 50.0  ʩʤ. 

¶ ɻʘʣʴʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʦ ʩʬʝʨʠʯʝʩʢʠʝ ʪʚʝʨʜʳʝ ʢʘʤʥʠ. 

¶ ɺʩʝ ʢʘʤʥʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʜʠʘʤʝʪʨ. 

¶ ʐʘʨʳ ʫʧʘʢʦʚʘʥʳ ʧʣʦʪʥʦ, ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʢʘʩʘʪʴʩʷ ʜʨʫʛ ʜʨʫʛʘ. 

¶ ʉʫʧ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʠʩʪʫʶ ʚʦʜʫ. 

http://www.muchlanek.estranky.cz/fotoalbum/tvorenicko/omalovanky/z-pohadek-pro-nejmensi/pohadkove-bytosti/ostatni-pohadkove-bytosti/liska-a-cap-02.-.html
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¶ ɺʩʝ ʢʘʤʥʠ ʥʘʭʦʜʷʪʩʷ ʧʦʣʥʦʩʪʴʶ ʚʥʫʪʨʠ ʩʦʩʫʜʘ (ʪ.ʝ., ʥʠ ʦʜʥʘ ʯʘʩʪʴ ʥʠ ʦʜʥʦʛʦ ʢʘʤʥʷ 

ʥʝ ʚʳʩʦʚʳʚʘʝʪʩʷ ʥʘʨʫʞʫ). 

ʂʨʫʧʥʳʝ ʢʘʤʥʠ 

ɺʦʟʴʤʝʤ ʰʘʨʳ ʨʘʜʠʫʩʦʤ r = 5  ʩʤ. 

18.1 ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʰʘʨʦʚ ʚ ʮʠʣʠʥʜʨʝ. 

18.2 ʈʘʩʩʯʠʪʘʡʪʝ ʜʦʣʶ ʦʙʲʝʤʘ ʮʠʣʠʥʜʨʘ (ʚ %), ʟʘʥʷʪʦʛʦ ʵʪʠʤʠ ʰʘʨʘʤʠ. 

18.3 ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʲʝʤ ʧʫʩʪʦʪ (ʚ ʩʤ3) ʤʝʞʜʫ ʰʘʨʘʤʠ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳʪʴ ʟʘʧʦʣʥʝʥ ʚʦʜʦʡ. 

 

ɻʘʣʴʢʘ 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ 7 ʰʘʨʦʚ ʚ ʧʝʨʚʦʤ (ʥʠʞʥʝʤ) ʩʣʦʝ ʚʧʠʩʘʥʳ ʚ ʮʠʣʠʥʜʨ: 

 

18.4 ʏʝʤʫ ʨʘʚʝʥ ʨʘʜʠʫʩ ʰʘʨʘ (ʚ ʩʤ)? 

 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʚʦʧʨʦʩʘʭ ʩʯʠʪʘʡʪʝ, ʯʪʦ ʚʩʝ ʩʣʦʠ ʧʦʚʪʦʨʷʶʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʰʘʨʦʚ ʚ ʥʠʞʥʝʤ 

ʩʣʦʝ. 

18.5 ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʩʣʦʝʚ ʚ ʮʠʣʠʥʜʨʝ ʧʨʠ ʪʘʢʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ. 

18.6 ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʰʘʨʦʚ ʚ ʮʠʣʠʥʜʨʝ. 

18.7 ʈʘʩʩʯʠʪʘʡʪʝ ʜʦʣʶ ʦʙʲʝʤʘ ʮʠʣʠʥʜʨʘ (ʚ %), ʟʘʥʷʪʦʛʦ ʵʪʠʤʠ ʰʘʨʘʤʠ. 

18.8 ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʲʝʤ ʧʫʩʪʦʪ (ʚ ʩʤ3) ʤʝʞʜʫ ʰʘʨʘʤʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʦʣʥʝʥ 

ʚʦʜʦʡ. 

 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʚʦʧʨʦʩʘʭ ʩʯʠʪʘʡʪʝ, ʯʪʦ ʚʩʝ ʯʝʪʥʳʝ ʩʣʦʠ ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʰʘʨʦʚ, ʘ ʚʩʝ 

ʥʝʯʝʪʥʳʝ ʧʦʚʪʦʨʷʶʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʰʘʨʦʚ ʚ ʥʠʞʥʝʤ ʩʣʦʝ: 

 

18.9 ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʩʣʦʝʚ ʚ ʮʠʣʠʥʜʨʝ ʧʨʠ ʪʘʢʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ. 
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18.10 ʈʘʩʩʯʠʪʘʡʪʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʰʘʨʦʚ ʚ ʮʠʣʠʥʜʨʝ. 

18.11 ʈʘʩʩʯʠʪʘʡʪʝ ʜʦʣʶ ʦʙʲʝʤʘ ʮʠʣʠʥʜʨʘ (ʚ %), ʟʘʥʷʪʦʛʦ ʵʪʠʤʠ ʰʘʨʘʤʠ. 

18.12 ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʲʝʤ ʧʫʩʪʦʪ (ʚ ʩʤ3) ʤʝʞʜʫ ʰʘʨʘʤʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʦʣʥʝʥ 

ʚʦʜʦʡ. 

 

ʇʝʩʦʢ 

ʈʘʩʩʤʦʪʨʠʤ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʝ ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʥʘ ʧʦʨʷʜʢʠ ʤʝʥʴʰʝ 

ʜʠʘʤʝʪʨʘ ʮʠʣʠʥʜʨʘ (r  0). 

18.13 ʈʘʩʩʯʠʪʘʡʪʝ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʠ ʦʙʲʝʤʘ ʮʠʣʠʥʜʨʘ (ʚ %), ʟʘʥʷʪʦʛʦ ʵʪʠʤʠ 

ʯʘʩʪʠʮʘʤʠ. 

18.14 ʈʘʩʩʯʠʪʘʡʪʝ ʦʙʲʝʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʦʣʥʝʥ ʚʦʜʦʡ. 

 

 

ɿʘʜʘʯʘ 19. ʉʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ 

ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ NaCl ï ʦʜʠʥ ʠʟ ʙʘʟʦʚʳʭ ʪʠʧʦʚ ʜʣʷ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʫʙʠʯʝʩʢʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. ʇʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ NaCl ʨʘʚʥʘ 

a = 5.64 ¡, ʨʘʜʠʫʩ ʠʦʥʘ ʥʘʪʨʠʷ r(Na+) = 1.16 ¡. 

 
ʈʠʩʫʥʦʢ 1. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ NaCl. Na+ ï ʞʝʣʪʳʡ, Clï ï ʟʝʣʝʥʳʡ 

19.1 ʈʘʩʩʯʠʪʘʡʪʝ ʨʘʜʠʫʩ ʭʣʦʨʠʜ-ʠʦʥʘ, r(Clī). 

ʍʣʦʨʠʜ ʢʘʣʠʷ KCl ʠʤʝʝʪ ʨʝʰʝʪʢʫ ʪʘʢʦʛʦ ʞʝ ʪʠʧʘ. ʇʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ r(KCl) = 

1.98 ʛÖʩʤī3. 

19.2 ʈʘʩʩʯʠʪʘʡʪʝ ʨʘʜʠʫʩ ʠʦʥʘ ʢʘʣʠʷ r(K+). 

ʉʪʨʫʢʪʫʨʫ ʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʨʘʟʤʝʨʘʭ ʢʘʪʠʦʥʘ ʠ ʘʥʠʦʥʘ, ʧʦʩʢʦʣʴʢʫ ʦʪʥʦʰʝʥʠʝ r+/rī ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʠʝ ʧʫʩʪʦʪʳ ʚ 

ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʥʷʪʳ ʢʘʪʠʦʥʦʤ. 

19.3 ʀʦʥʥʳʡ ʨʘʜʠʫʩ ʣʠʪʠʷ r(Li+) = 0.90 ¡. ʇʨʝʜʩʢʘʞʠʪʝ, ʠʤʝʝʪ ʣʠ LiCl ʪʘʢʦʡ ʞʝ ʪʠʧ ʨʝʰʝʪʢʠ, 

ʯʪʦ ʠ NaCl, ʠʣʠ ʥʝʪ. 

ʅʝʢʦʪʦʨʳʝ ʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʜʚʫʭʟʘʨʷʜʥʳʝ ʠʦʥʳ, ʪʘʢʞʝ ʠʤʝʶʪ 

ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ NaCl, ʥʘʧʨʠʤʝʨ ʛʘʣʝʥʠʪ PbS. ɼʣʷ ʥʝʛʦ ʧʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ a = 5.94 ¡. 
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19.4 ʅʘʡʜʠʪʝ ʧʣʦʪʥʦʩʪʴ ʛʘʣʝʥʠʪʘ. 

ʀʦʥʳ ʩʝʨʝʙʨʘ(I) ʤʦʛʫʪ ʟʘʤʝʱʘʪʴ ʠʦʥʳ ʩʚʠʥʮʘ(II) ʚ ʩʪʨʫʢʪʫʨʝ PbS, ʧʦʵʪʦʤʫ ʛʘʣʝʥʠʪ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʘʞʥʦʡ ʩʝʨʝʙʨʷʥʦʡ ʨʫʜʦʡ. ʉʦʭʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʧʨʠ 

ʧʦʥʠʞʝʥʠʠ ʦʙʱʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʢʘʪʠʦʥʦʚ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʧʦʥʠʞʝʥʠʝʤ ʯʠʩʣʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ, ʪ.ʝ. ʧʦʷʚʣʝʥʠʝʤ ʚʘʢʘʥʩʠʡ. ʉʦʩʪʘʚ ʪʘʢʦʡ ʬʘʟʳ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ Pb1īxAgxSy. 

19.5 ɺʳʨʘʟʠʪʝ y ʯʝʨʝʟ x. 

ʆʙʨʘʟʝʮ ʛʘʣʝʥʠʪʘ, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʴ ʠʦʥʦʚ ʩʚʠʥʮʘ(II) ʟʘʤʝʱʝʥʘ ʠʦʥʘʤʠ ʩʝʨʝʙʨʘ(I) ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʚʘʢʘʥʩʠʡ ʩʫʣʴʬʠʜ-ʠʦʥʦʚ, ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ 7.21 ʛÖʩʤī3. ʇʦʩʪʦʷʥʥʘʷ ʨʝʰʝʪʢʠ  

a = 5.88 ¡. 

19.6 ʈʘʩʩʯʠʪʘʡʪʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ x ʜʣʷ ʵʪʦʛʦ ʦʙʨʘʟʮʘ. 

ʎʠʥʢʦʚʘʷ ʦʙʤʘʥʢʘ (ʩʬʘʣʝʨʠʪ, ZnS) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʜʨʫʛʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʪʠʧʝ, ʢʦʪʦʨʳʡ 

ʪʝʩʥʦ ʩʚʷʟʘʥ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʘʣʤʘʟʘ. ʆʙʝ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2. 

  
ʈʠʩʫʥʦʢ 2. (a) ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʬʘʣʝʨʠʪʘ. 

Zn2+ ï ʩʝʨʳʡ, S2ī ï ʞʝʣʪʦ-ʟʝʣʝʥʳʡ 

(b) ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʘʣʤʘʟʘ 

19.7 ʉʢʦʣʴʢʦ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ ZnS ʩʦʜʝʨʞʠʪ ʦʜʥʘ ʷʯʝʡʢʘ ʩʬʘʣʝʨʠʪʘ? 

ɹʦʣʝʝ ʪʷʞʝʣʳʝ ʵʣʝʤʝʥʪʳ IV ʛʨʫʧʧʳ (ʠʣʠ ʛʨʫʧʧʳ 14), ʢʨʝʤʥʠʡ ʠ ʛʝʨʤʘʥʠʡ, ʪʘʢʞʝ ʠʤʝʶʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʘʣʤʘʟʘ. ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʛʝʨʤʘʥʠʷ r(Ge) = 1.23 ¡. 

19.8 ʈʘʩʩʯʠʪʘʡʪʝ ʧʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʛʦ ʛʝʨʤʘʥʠʷ. 

ɻʝʨʤʘʥʠʡ, ʢʘʢ ʠ ʢʨʝʤʥʠʡ, ï ʧʦʣʫʧʨʦʚʦʜʥʠʢ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʥʦ, ʢʘʢ ʠ 

ʢʨʝʤʥʠʡ, ʦʯʝʥʴ ʭʨʫʧʦʢ, ʧʦʵʪʦʤʫ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʚʤʝʩʪʦ ʛʝʨʤʘʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʦʵʣʝʢʪʨʦʥʥʳʡ ʝʤʫ ʘʨʩʝʥʠʜ ʛʘʣʣʠʷ, GaAs. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʪʠʧʘ IIIïV (ʙʠʥʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧ III ʠ V) ʠ ʠʤʝʝʪ 

ʩʪʨʫʢʪʫʨʫ ʩʬʘʣʝʨʠʪʘ. ʇʦʩʪʦʷʥʥʳʝ ʨʝʰʝʪʢʠ Ge ʠ GaAs ʦʯʝʥʴ ʙʣʠʟʢʠ, a(GaAs) = 5.65 ¡. 

ɸʥʘʣʦʛʠʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ GaP ʪʘʢʞʝ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ ʩʬʘʣʝʨʠʪʘ, ʥʦ ʤʝʥʴʰʫʶ 

ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ, a(GaP) = 5.45 ¡. 

19.9 ʈʘʩʩʯʠʪʘʡʪʝ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʨʘʜʠʫʩʘʤʠ ʘʪʦʤʦʚ P ʠ As ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʛʘʣʣʠʝʤ  

(GaP ʠ GaAs). 
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ɿʘʜʘʯʘ 20. ʎʠʢʣʦʙʫʪʘʥʳ 

20.1 ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʳ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʟʘʤʝʱʝʥʥʳʭ ʮʠʢʣʦʙʫʪʘʥʦʚ ʩʦʩʪʘʚʘ C7H14, 

ʚʢʣʶʯʘʷ ʵʥʘʥʪʠʦʤʝʨʳ. 

20.2 ɺ ʩʪʨʫʢʪʫʨʘʭ ʠʟ ʧ. 20.1 ʦʪʤʝʪʴʪʝ ʟʚʝʟʜʦʯʢʦʡ ʚʩʝ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʝ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ. 

20.3 ʋʢʘʞʠʪʝ ʚʩʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʧ. 20.1, ʢʦʪʦʨʳʝ ʅɽ ʧʨʦʷʚʣʷʶʪ ʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

20.4 ʋʢʘʞʠʪʝ ʚʩʝ ʧʘʨʳ ʵʥʘʥʪʠʦʤʝʨʦʚ ʠʟ ʧ. 20.1. 

 

 

ɿʘʜʘʯʘ 21. ʌʪʦʨʩʦʜʝʨʞʘʱʠʝ ʨʘʜʠʦʪʨʝʡʩʝʨʳ 

ʌʪʦʨʜʝʟʦʢʩʠʛʣʶʢʦʟʘ, ʪʦʯʥʝʝ ʩʦʜʝʨʞʘɦ ʠʡ 18F ʠʟʦʪʦʧʦʤʝʨ 2-ʜʝʟʦʢʩʠ-2-

[18F]ʬʪʦʨʜʝʟʦʢʩʠʛʣʶʢʦʟʘ (18F-ʌɼɻ) ï ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ 

ʨʘʢʘ ʤʝʪʦʜʦʤ ʧʦʟʠʪʨʦʥʥʦʡ ʵʤʠʩʩʠʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʇʕʊ). ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʧʘʮʠʝʥʪʫ 

ʚʚʦʜʷʪ ʨʘʩʪʚʦʨ ʨʘʜʠʦʪʨʝʡʩʝʨʘ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʦʛʦ ʥʘʢʘʧʣʠʚʘʪʁʩʷ ʚ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʢʣʝʪʢʘʭ. ʇʨʠ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʨʘʩʧʘʜʝ ʤʝʯʝʥʦʛʦ ʘʪʦʤʘ ʦʙʨʘʟʫʝʪʩʷ ʧʦʟʠʪʨʦʥ, ʢʦʪʦʨʳʡ 

ʘʥʥʠʛʠʣʠʨʫʝʪ ʩ ʙʣʠʞʘʡʰʠʤ ʵʣʝʢʪʨʦʥʦʤ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʜʚʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ɔ-ʬʦʪʦʥʘ, ʢʦʪʦʨʳʝ ʠ ʜʝʪʝʢʪʠʨʫʶʪʩʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ 

ʣʦʢʘʣʠʟʘʮʠʶ ʦʧʫʭʦʣʠ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

 

21.1 ʀʟʦʪʦʧ 18F ʩʠʥʪʝʟʠʨʫʶʪ ʩ ʧʦʤʦʱʴʶ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʧʨʦʪʦʥʘʤʠ. ʂʘʢʦʡ ʥʫʢʣʠʜ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʵʪʦʛʦ?  

ʇʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ 18F-ʌɼɻ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʇʕʊ, ʦʯʝʥʴ ʤʘʣʦ, ʝʛʦ ʜʦʟʫ ʠʟʤʝʨʷʶʪ ʥʝ 

ʚ ʤʦʣʷʭ ʥʘ ʣʠʪʨ, ʘ ʚ ʝʜʠʥʠʮʘʭ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ. 

21.2 ʉʢʦʣʴʢʦ ʤʦʣʝʡ 18F-ʌɼɻ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʜʦʟʝ 300 ʄɹʢ (3 Ĭ 108 ʩī1)? ʇʝʨʠʦʜ 

ʧʦʣʫʨʘʩʧʘʜʘ 18F ʨʘʚʝʥ 109.771 ʤʠʥ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʩʝ ʤʦʣʝʢʫʣʳ 18F-ʌɼɻ ʧʨʠ ʨʘʩʧʘʜʝ ʜʘʶʪ 18O-ʛʣʶʢʦʟʫ, ʢʦʪʦʨʘʷ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʚ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʚʦʜʫ 

 

21.3 ʊʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʛʣʶʢʦʟʳ ʨʘʚʥʘ 2 800 ʢɼʞ ʤʦʣʴī1. ɺ ʢʘʢʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʭʠʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʟʘʧʘʩʝʥʥʘʷ ʚ 18O-ʛʣʶʢʦʟʝ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʠʟ 18F-ʌɼɻ, ʙʫʜʝʪ 

ʨʘʚʥʘ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ ɔ-ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʩʧʘʜʝ 

ʦʩʪʘʚʰʝʡʩʷ 18F-ʌɼɻ? ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʢʘʢʦʡ ʤʦʤʝʥʪ ʦʢʠʩʣʝʥʠʝ ʚʩʝʡ ʫʞʝ 

ʧʦʣʫʯʝʥʥʦʡ 18O-ʛʣʶʢʦʟ rʜʦ CO2 ʠ H2O ʤʦʞʝʪ ʜʘʪʴ ʩʪʦʣʴʢʦ ʞʝ ʵʥʝʨʛʠʠ, ʩʢʦʣʴʢʦ 

ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʨʘʩʧʘʜ ʚʩʝʡ ʦʩʪʘʚʰʝʡʩʷ 18F-ʌɼɻ?  
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18F-ʌɼɻ ï ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʤʝʯʝʥʳʡ ʬʪʦʨʦʤ ʪʨʝʡʩʝʨ. ʉʦʝʜʠʥʝʥʠʝ 1 ï ʨʘʜʠʦʘʢʪʠʚʥʳʡ 

ʪʨʝʡʩʝʨ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʶʪ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ (ɹʇ). ʄʦʣʝʢʫʣʘ 1 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʦʬʘʤʠʥʦʚʳʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ (DAT), ʤʝʤʙʨʘʥʥʳʤ ʙʝʣʢʦʤ ʚ ʩʦʩʪʘʚʝ 

ʥʝʡʨʦʥʦʚ, ʚʳʜʝʣʷʶʱʠʭ ʜʦʬʘʤʠʥ. ɼʝʛʝʥʝʨʘʮʠʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʥʝʡʨʦʥʦʚ ʠ ʩʣʫʞʠʪ ʧʨʠʯʠʥʦʡ 

ɹʇ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʭ DAT, ʧʦʟʚʦʣʠʪ 

ʪʦʯʥʝʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʉʚʝʞʝʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ K18F ʨʝʘʛʠʨʫʝʪ ʩ ʜʠʪʦʟʠʣʘʪʦʤ A, ʦʙʨʘʟʫʷ ʤʦʥʦʬʪʦʨʠʨʦʚʘʥʥʳʡ 

ʧʨʝʢʫʨʩʦʨ B. ʄʦʣʝʢʫʣʘ B ʟʘʪʝʤ ʨʝʘʛʠʨʫʝʪ ʩ ʘʤʠʥʦʤ 2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʦʪʨʝʡʩʝʨʘ 1. 

21.4 ʇʨʝʜʣʦʞʠʪʝ ʩʪʨʫʢʪʫʨʳ ʪʦʟʠʣʘʪʦʚ A ʠ B. ʂʘʢʦʡ ʨʝʘʛʝʥʪ X ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ ʬʪʦʨʠʜ-ʠʦʥʘ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ ʚ 

ʪʝʯʝʥʠʝ ʤʠʥʫʪ? 

 

ɸʤʠʥ 2 ʤʦʞʥʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʨʷʜʘ ʧʨʝʚʨʘʱʝʥʠʡ ʠʟ ʢʦʢʘʠʥʘ (3), ʧʨʠʨʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʨʘʩʪʝʥʠʷʭ ʩʝʤʝʡʩʪʚʘ Erythroxylaceae. 

ʉʠʥʪʝʟ ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʢʠʩʣʦʪʦʡ ʛʠʜʨʦʣʠʟʘ ʢʦʢʘʠʥʘ (3) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠʷ C (C9H15NO3). ʇʦʩʣʝʜʫʶʱʝʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʩ POCl3 ʜʘʝʪ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʤʝʪʘʥʦʣʦʤ ʩʦʝʜʠʥʝʥʠʝ D. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʢ D ʤʘʛʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʨʝʘʛʝʥʪʘ E ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʛʠʜʨʦʣʠʟʦʤ ʜʘʝʪ ʧʨʝʢʫʨʩʦʨ 4. ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʩʪʘʜʠʷ ʩʠʥʪʝʟʘ 2 ʚʢʣʶʯʘʝʪ 

ʜʝʤʝʪʠʣʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ 1-ʭʣʦʨʵʪʠʣʬʦʨʤʠʘʪʘ ʠ ʧʦʩʣʝʜʫʶʱʫ  ʁʦʙʨʘʙʦʪʢʫ ʚʦʜʥrʤ 

ʨʘʩʪʚʦʨʦʤ ʢʘʨʙʦʥʘʪʘ ʥʘʪʨʠʷ. 

 

21.5 ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ C ï E. 

21.6 ʉʦʝʜʠʥʝʥʠʝ 4 ï ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʪʝʨʝʦʠʟʦʤʝʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ E ʢ D. ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʳ ʚʩʝʭ ʩʪʝʨʝʦʠʟʦʤʝʨʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʵʪʦʡ ʨʝʘʢʮʠʠ. 

21.7 ʄʝʭʘʥʠʟʤ ʜʝʤʝʪʠʣʠʨʦʚʘʥʠʷ 4 ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʘʮʠʣʠʨʦʚʘʥʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

F ʠ G ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʤʠʥʘ 2 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʦʨʷʯʝʛʦ ʤʝʪʘʥʦʣʘ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ. ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʳ ʠʥʪʝʨʤʝʜʠʘʪʦʚ F ʠ G. 
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ɿʘʜʘʯʘ 22. ɻʜʝ ʣʠʪʠʡ?  

ɸʨʠʣʣʠʪʠʝʚʳʝ ʨʝʘʛʝʥʪʳ ï ʢʣʶʯʝʚʳʝ ʚʝʱʝʩʪʚʘ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʠʥʪʝʟʘʭ. ʀʭ 

ʧʦʣʫʯʘʶʪ ʨʝʘʢʮʠʝʡ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ ʩ ʣʠʪʠʝʤ ʠʣʠ ʙʫʪʠʣʣʠʪʠʝʤ. ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʨʝʘʢʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ/ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʩʠʣʴʥʳʤ 

ʣʠʪʠʡʩʦʜʝʨʞʘʱʠʤ ʦʩʥʦʚʘʥʠʝʤ. 

 

ʈʝʘʢʮʠʷ ʟʘʤʝʱʝʥʥʦʛʦ ʠʦʜʙʝʥʟʦʣʘ 4 ʩ ʜʠʠʟʦʧʨʦʧʠʣʘʤʠʜʦʤ ʣʠʪʠʷ (LDA) ï ʧʨʠʤʝʨ ʩʠʥʪʝʟʘ 

ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʤʦʱʴʶ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʡ ʨʝʘʢʮʠʠ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ 

çʪʘʥʝʮ ʛʘʣʦʛʝʥʦʚè. ɺ ʵʪʦʡ ʨʝʘʢʮʠʠ ʛʣʘʚʥʳʡ ʧʨʦʜʫʢʪ ï ʢʠʩʣʦʪʘ 6, ʘ ʢʠʩʣʦʪʘ 5 ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

 

22.1 ʀʟʦʙʨʘʟʠʪʝ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʘʨʠʣʛʘʣʦʛʝʥʠʜʘ 1 ʩ ʣʠʪʠʝʤ. 

22.2 ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʳ ʠʥʪʝʨʤʝʜʠʘʪʦʚ A, B, C, ʠ D, ʢʦʪʦʨʳʝ ʦʙʲʷʩʥʷʶʪ ʤʝʭʘʥʠʟʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʠʩʣʦʪ 5 ʠ 6. 

22.3 ʂʠʩʣʦʪʫ 5 ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦ ʛʘʣʦʬʦʨʤʥʦʡ ʨʝʘʢʮʠʠ. ʇʨʝʜʣʦʞʠʪʝ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʟ 

ʚʝʱʝʩʪʚʘ E (C8H3F3I2O) ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. 
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ɿʘʜʘʯʘ 23. ʉʠʥʪʝʟ ʵʨʝʤʦʬʠʣʦʥʘ 

ʕʨʝʤʦʬʠʣʦʥ(ï)-1a ï ʢʦʤʧʦʥʝʥʪ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʤʘʩʣʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʠ ʨʘʩʩʣʘʙʣʷʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʠ ʚʳʜʝʣʷʝʤʦʛʦ ʠʟ ʘʚʩʪʨʘʣʠʡʩʢʦʛʦ 

ʢʫʩʪʘʨʥʠʢʘ Eremophila mitchellii (ʜʝʨʝʚʦ ɹʫʜʜʳ). 

 

ʉʠʥʪʝʟ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʦʛʦ ʵʨʝʤʦʬʠʣʦʥʘ ï ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʠʟ-ʟʘ ʮʠʩ-ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʩʦʩʝʜʥʠʭ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʘʢʩʠʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠʟʦʧʨʦʧʝʥʠʣʴʥʦʡ ʛʨʫʧʧʳ. ʉʠʥʪʝʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʤʝʩʠ ʜʠʘʩʪʝʨʝʦʤʝʨʦʚ 1 ʥʘʯʠʥʘʝʪʩʷ ʩ ʢʝʪʦʥʘ 2, ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ ʩ 

ʵʪʠʣʝʥʛʣʠʢʦʣʝʤ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ A, ʢʦʪʦʨʦʝ ʟʘʪʝʤ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ʁ ʢʦʤʧʣʝʢʩʦʤ ʙʦʨʘʥ-ʊɻʌ. ʆʢʠʩʣʝʥʠʝ 

ʙʦʨʘʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʜʘʝʪ ʩʦʝʜʠʥʝʥʠʝ B, ʧʨʠ ʤʷʛʢʦʤ ʦʢʠʩʣʝʥʠʠ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʦʜʫʢʪ C. ʅʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʵʪʦʪ ʧʨʦʜʫʢʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦ ʨʝʘʛʠʨʫʝʪ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ɚ5-ʘʣʢʠʣʠʜʝʥʬʦʩʬʘʥʦʤ (ʠʣʠʜʦʤ) D ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 3. ʇʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ E, ʢʦʪʦʨʦʝ ʨʝʘʛʠʨʫʝʪ ʩ 

ʙʫʪʠʣʚʠʥʠʣʦʚʳʤ ʵʬʠʨʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʮʝʪʘʪʘ ʨʪʫʪʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 4. 

ʅʘʛʨʝʚʘʥʠʝ 4 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ F, ʢʦʪʦʨʦʝ ʧʦʩʣʝ ʩʥʷʪʠʷ ʟʘʱʠʪʳ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʜʠʦʢʩʦʩʦʝʜʠʥʝʥʠʝ G. ʅʘʢʦʥʝʮ, ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʘʣʴʜʦʣʠʟʘʮʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʝʘʛʝʥʪʘ H ʧʨʠʚʦʜʠʪ ʢ ʙʠʮʠʢʣʠʯʝʩʢʦʤʫ ʩʦʝʜʠʥʝʥʠʶ 5 ʢʘʢ ʢʣʶʯʝʚʦʤʫ ʠʥʪʝʨʤʝʜʠʘʪʫ ʚ 

ʩʠʥʪʝʟʝ ʩʤʝʩʠ ʩʪʝʨʝʦʠʟʦʤʝʨʥʳʭ ʵʨʝʤʦʬʠʣʦʥʦʚ 1. 

 

23.1 ʀʟʦʙʨʘʟʠʪʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʝʘʛʝʥʪʦʚ AïH. 
























