
ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ʄɸʊʈʆʉʆɺɸ ʄʘʨʠʷ ʄʠʭʘʡʣʦʚʥʘ 

 

 

 

 

ʂʠʩʣʦʪʥʳʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ  ʚʦʣʴʬʨʘʤʦʚʳʭ 

ʛʝʪʝʨʦʧʦʣʠʢʠʩʣʦʪ ʧʷʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ī ʂʝʛʛʠʥʘ 

(HnPW11ʍO40, ʛʜʝ ʍ = W(VI), Ti(IV) ʠ Zr(IV)), ɼʦʫʩʦʥʘ    

(a-H6P2W18O62),  H6P2W21O71(H2O)3, H6As2W21O69(H2O) ʠ 

H21B3W39O132 

 

02.00.15 ï ʢʘʪʘʣʠʟ  

 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

ʅʦʚʦʩʠʙʠʨʩʢ ï 2009 



ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʋʯʨʝʞʜʝʥʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʀʥʩʪʠʪʫʪʝ ʢʘʪʘʣʠʟʘ  

ʠʤ. ɻ.ʂ. ɹʦʨʝʩʢʦʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ. 

 

 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ:              ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʃʠʭʦʣʦʙʦʚ ɺ. ɸ. 

 

                                                                       ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ  

ʊʠʤʦʬʝʝʚʘ ʄ. ʅ.                                                                            

 

 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ:            ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʊʘʨʘʙʘʥʴʢʦ ɺʘʣʝʨʠʡ ɽʚʛʝʥʴʝʚʠʯ 

 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ  

ʂʦʣʪʫʥʦʚ ʂʦʥʩʪʘʥʪʠʥ ʖʨʴʝʚʠʯ 

         

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʋʯʨʝʞʜʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ        

ʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ  

ʠʤ. ʅ. ɼ. ɿʝʣʠʥʩʢʦʛʦ (ʛ. ʄʦʩʢʚʘ) 

 

 

 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ "10" ʥʦʷʙʨʷ 2009 ʛ. ʚ 14 ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 

ɼʄ 003.012.02 ʧʨʠ ʋʯʨʝʞʜʝʥʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʀʥʩʪʠʪʫʪʝ ʢʘʪʘʣʠʟʘ ʠʤ. ɻ.ʂ. 

ɹʦʨʝʩʢʦʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ ʧʦ ʘʜʨʝʩʫ: 630090, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ɸʢʘʜʝʤʠʢʘ 

ʃʘʚʨʝʥʪʴʝʚʘ, 5. 

 

 

 ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʀʥʩʪʠʪʫʪʘ ʢʘʪʘʣʠʟʘ ʉʆ ʈɸʅ. 

 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ     "9" ʦʢʪʷʙʨʷ 2009 ʛ. 

 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ, 

ʜ.ʭ.ʥ., ʧʨʦʬ.         ɸ.ʀ. ɹʦʨʦʥʠʥ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʇʨʠʤʝʥʝʥʠʝ ɻʇʂ ʚ ʢʠʩʣʦʪʥʦʤ ʢʘʪʘʣʠʟʝ 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ 

ʨʫʙʝʞʦʤ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʵʪʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʫʥʠʢʘʣʴʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɻʇʂ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʷʜʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʄʦ(VI), W(VI) ʠ V(V).  ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʢʘʪʘʣʠʟʘ ʠʤʝʶʪ ɻʇʂ 12-ʨʷʜʘ ʩʪʨʫʢʪʫʨʳ ʂʝʛʛʠʥʘ ʅnʍʄ12ʆ40, ʛʜʝ X ï P(V) ʠ 

Si(IV), M ï W(VI) ʠ Mo(VI). ʇʦ ʩʠʣʝ ʦʥʠ ʧʨʝʚʦʩʭʦʜʷʪ ʤʥʦʛʠʝ ʤʠʥʝʨʘʣʴʥʳʝ 

ʢʠʩʣʦʪʳ (ʥʘʧʨʠʤʝʨ, H2SO4 ʠ HClO4), ʘ ʪʘʢʞʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʚʝʨʜʳʝ 

ʢʠʩʣʦʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ (ʥʘʧʨʠʤʝʨ, ʘʣʶʤʦʩʠʣʠʢʘʪʳ). ʆʥʠ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ 

ʧʨʦʯʥʳʤʠ, ʪʝʨʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʚʳʩʦʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʆʜʥʘʢʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 100 ɻʇʂ  ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʩʦʩʪʘʚʘʤʠ ʚ 

ʢʘʪʘʣʠʟʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʪʦʣʴʢʦ ɻʇʂ ʩʪʨʫʢʪʫʨʳ ʂʝʛʛʠʥʘ, ʭʦʪʷ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʧʨʠʤʝʨʳ ʨʝʘʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʫʩʪʫʧʘʝʪ 

ʘʢʪʠʚʥʦʩʪʠ ɻʇʂ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨ, ʥʘʧʨʠʤʝʨ, a-H6P2W18O62 ʠ H6P2W21O71. 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥ r ʵʪʠʭ ʷʚʣʝʥʠʡ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʜʥʦʟʥʘʯʥʦ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ, ʧʦʩʢʦʣʴʢʫ ʩʚʝʜʝʥʠʷ ʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ɻʇʂ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ. ʇʦʣʫʯʝʥʠʝ 

ʵʪʠʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʘʚʠʣʘ ʧʦʜʙʦʨʘ ʵʬʬʝʢʪʠʚʥʳʭ ʢʠʩʣʦʪʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʷʜʫ ɻʇʂ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʩʣʦʪʥʳʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚʦʣʴʬʨʘʤʦʚʳʭ ɻʇʂ ʧʷʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ: 1) ʂʝʛʛʠʥʘ 

(H3PW12O40, H4SiW12O40, H5PW11XO40, ʛʜʝ X = Ti, Zr), 2) ɼʦʫʩʦʥʘ (a-

H6P2W18O62), 3) H6P2W21O71, 4) H6As2W21O69 ʠ 5) H21B3W39O132. ʋʩʪʘʥʦʚʣʝʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʢʠʩʣʦʪʥʦʩʪʴʶ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ɻʇʂ ʚ 

ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʥ-ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʨʝʘʢʮʠʠ 

ʜʝ-ʪʨʝʪ-ʙʫʪʠʣʠʨʦʚʘʥʠʷ 2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʤʝʪʠʣʬʝʥʦʣʘ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ɻʇʂ ʧʷʪʠ ʩʪʨʫʢʪʫʨʥʳʭ 
ʪʠʧʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʰʠʨʦʢʦʛʦ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʦ ʬʫʥʢʮʠʷʭ ʢʠʩʣʦʪʥʦʩʪʠ ʅ0 ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ 

ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ɻʇʂ (ʂ1). ʉʨʘʚʥʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ɻʇʂ ʩ 

ʢʠʩʣʦʪʥʦʩʪʷʤʠ ʦʙʳʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ,  ʪʨʘʜʠʮʠʦʥʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ  ʚ ʢʠʩʣʦʪʥʦʤ ʢʘʪʘʣʠʟʝ. 

2. ʀʟʫʯʝʥʠʝ ʢʠʥʝʪʠʢʠ ʠ ʤʝʭʘʥʠʟʤʘ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʜʘʥʥʳʭ ɻʇʂ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʥ-ʙʫʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʢʠʩʣʦʪʥʦʩʪʴʶ ɻʇʂ. 
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3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ɻʇʂ ʤʘʩʩʠʚʥʳʭ ʠ ʥʘʥʝʩʝʥʥʳʭ ʥʘ 
ʫʛʣʝʨʦʜʥʳʝ ʥʦʩʠʪʝʣʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʦʝʥʠʝʤ 

(ʉʠʙʫʥʠʪ, ʂɺʋ ʠ N-ʂɺʋ),  ʤʝʪʦʜʘʤʠ ʩʧʠʥʦʚʦʛʦ ʟʦʥʜʘ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ TEMPOL ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʳ-ʟʦʥʜʘ), 

ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʠʨʠʜʠʥʦʤ, ʥ-ʙʫʪʠʣʘʤʠʥʦʤ ʠ ʜʠʬʝʥʠʣʘʤʠʥʦʤ, 

ʠ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʘʜʩʦʨʙʮʠʷ ʉʆ). 

ɺʳʷʩʥʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʥʦʩʠʪʝʣʷ ʥʘ ʩʦʩʪʦʷʥʠʝ ɻʇʂ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʠʣʫ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ɻʇʂ.  

4. ʀʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʥʳʭ ʠ ʥʘʥʝʩʝʥʥʳʭ ɻʇʂ ʚ 

ʞʠʜʢʦʬʘʟʥʦʡ ʨʝʘʢʮʠʠ ʜʝ-ʪʨʝʪ-ʙʫʪʠʣʠʨʦʚʘʥʠʷ 2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-

ʤʝʪʠʣʬʝʥʦʣʘ (ɼɹʄʌ), ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʦ ʢʠʩʣʦʪʥʦʩʪʠ ʤʘʩʩʠʚʥʳʭ 

ʠ ʥʘʥʝʩʝʥʥʳʭ ɻʇʂ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʠ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ H3PW12O40 ʠ  

H6P2W18O62, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʂɺʋ-2, ʠ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʚ ʨʷʜʫ ʥʘʥʝʩʝʥʥʳʭ ɻʇʂ. 

5. ʀʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ H3PW12O40, ʥʘʥʝʩʝʥʥʦʡ ʥʘ N-ʂɺʋ ʠ 

ʂɺʋ-3 ʚ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʥ-ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʩʠʣʦʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʮʝʥʪʨʦʚ ɻʇʂ ʠ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʧʨʠʨʦʜʦʡ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ ʚ N-ʂɺʋ.   

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʢʠʩʣʦʪʥʦʛʦ ʢʘʪʘʣʠʟʘ ɻʇʂ ʧʷʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ (ʂʝʛʛʠʥʘ 

(H3PW12O40, H4SiW12O40, H5PW11TiO40, H5PW11ZrO40), ɼʦʫʩʦʥʘ (a-H6P2W18O62), 

H6P2W21O71(H2O)3, H6As2W21O69(H2O) ʠ H21B3W39O132) ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ.  ʇʦʣʫʯʝʥ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʜʘʥʥʳʭ ʦ ʬʫʥʢʮʠʷʭ ʢʠʩʣʦʪʥʦʩʪʠ 

ɻʘʤʤʝʪʘ ʅ0, ʨʘʩʩʯʠʪʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʢʠʩʣʦʪʥʦʡ 

ʜʠʩʩʦʮʠʘʮʠʠ ɻʇʂ (ʂ1). ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʠʩʣʦʪʥʦʩʪʠ ɻʇʂ ʦʪ ʠʭ 

ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ. ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʩʚʷʟʠ ʤʝʞʜʫ ʢʠʩʣʦʪʥʦʩʪʴʶ, 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʦʩʪʘʚʦʤ ɻʇʂ ʠ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʠ 

ʵʪʝʨʠʬʠʢʘʮʠʠ ʙʫʪʘʥʦʣʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. 

ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʘ ʘʜʩʦʨʙʮʠʷ ɻʇʂ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ï ʉʠʙʫʥʠʪʘ ʠ  ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʚʦʣʦʢʥʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ (ʂɺʋ). ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʥʦʩʠʪʝʣʷ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʠʣʫ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ɻʇʂ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ʚʧʝʨʚʳʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʩʧʠʥʦʚʦʛʦ ʟʦʥʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʳ-ʟʦʥʜʘ ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ TEMPOL. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʥʝʩʝʥʥʳʭ 

ɻʇʂ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʩʠʣʦʡ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ 

ʚ ʨʝʘʢʮʠʷʭ ʪʨʘʥʩ-ʜʝʘʣʢʠʣʠʨʦʚʘʥʠʷ 4-ʤʝʪʠʣ-2, 6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʦʣʘ ʠ 

ʵʪʝʨʠʬʠʢʘʮʠʠ ʙʫʪʘʥʦʣʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ.   

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʳʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ɻʇʂ ʩʪʨʫʢʪʫʨ, 

ʦʪʣʠʯʥʳʭ ʦʪ ʩʪʨʫʢʪʫʨʳ ʂʝʛʛʠʥʘ ʚ ʨʝʘʢʮʠʷʭ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ. 
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ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ 

ʨʷʜʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ɻʇʂ ʜʣʷ ʨʝʘʢʮʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʨʘʩʪʚʦʨʘʭ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ,  ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʳʙʠʨʘʪʴ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʚ ʨʷʜʫ ɻʇʂ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ  ʫʯʘʩʪʠʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ 

ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥʠʠ ʦʩʥʦʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʯʘʩʪʠʠ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʠ  

ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʫʙʣʠʢʘʮʠʠ ʩʪʘʪʝʡ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ 

¶ ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʩʣʦʪʥʦʩʪʠ ɻʇʂ ʧʷʪʠ 
ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʠʥʜʠʢʘʪʦʨʥʳʤ  ʠ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ 

ʚ ʩʤʝʰʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ  HOAcïH2O. 

¶ ʀʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʠ ɻʇʂ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ 

ʚ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʥ-ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ. 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ  ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʠʩʣʦʪʥʦʩʪʠ 

ɻʇʂ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ɻʇɸ 

¶ ʉʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɻʇʂ, ʥʘʥʝʩʝʥʥʳʭ 

ʥʘ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

(ʉʠʙʫʥʠʪ, ʂɺʋ ʠ N-ʂɺʋ) 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʥʳʭ ʠ ʥʘʥʝʩʝʥʥʳʭ ɻʇʂ ʚ 
ʨʝʘʢʮʠʷʭ ʵʪʝʨʠʬʠʢʘʮʠʠ  ʥ-ʙʫʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʠ 

ʨʝʘʢʮʠʠ ʜʝ-ʪʨʝʪ-ʙʫʪʠʣʠʨʦʚʘʥʠʷ 2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʤʝʪʠʣʬʝʥʦʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʩʦʩʪʦʷʥʠʷ ɻʇʂ ʥʘ ʥʦʩʠʪʝʣʝ ʥʘ ʢʠʩʣʦʪʥʦ-

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɻʇʂ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ (NATO ASI ON POLYOXOMETALATE 

MOLECULAR SCIENCE Santiago del Teide, Tenerife, Spain, August 25, 

September 4, 2001; 2
nd

 EFCAT school on catalysis, Tihany, Hungary 25-29, 2002; 

EUROPACAT-IV, 31 August ï 4 September  2003, Innsbruck, Austria.  

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 5 

ʩʪʘʪʝʡ ʠ  5 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ.   

ʆʙʲʝʤ ʨʘʙʦʪʳ: ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʪʨʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʣʘʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. 

ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʚ 147 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 46 ʨʠʩʫʥʢʦʚ ʠ 36 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 251 ʥʘʠʤʝʥʦʚʘʥʠʝ. 

 

ʆʉʅʆɺʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʈɸɹʆʊʓ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ, ʘ ʪʘʢ ʞʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʪʨʘʞʝʥʘ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ.  

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʠʩʣʦʪʥʳʭ ʠ ʢʠʩʣʦʪʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɻʇʂ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 
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ʩʦʩʪʘʚʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʙʩʫʞʜʝʥʠʶ ʢʠʩʣʦʪʥʳʭ ʠ ʢʠʩʣʦʪʥʦ-

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɻʇʂ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʦʪʣʠʯʥʳʤʠ ʦʪ ʩʪʨʫʢʪʫʨʳ 

ʂʝʛʛʠʥʘ. 

ɺʪʦʨʘ ̫ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʠ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʠʭ ʢʠʩʣʦʪʥʳʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ɻʇʂ ʧʷʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ 1) ʂʝʛʛʠʥʘ 

(H3PW12O40, H4SiW12O40, H5PW11TiO40, H5PW11ZrO40, H3PW11ThO39), 2) 

ɼʦʫʩʦʥʘ (a-H6P2W18O62), 3) H6P2W21O71(H2O)3, 4) H6As2W21O69(H2O) ʠ 5) 

H21B3W39O132.  

   
 

     PW12O40
3-          

a-P2W18O62
6-
    P2W21O71

6-
     As2W21O69

6-
        B3W39O132

21-
 

ʅʘʥʝʩʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʦʪʦʚʠʣʠ ʤʝʪʦʜʦʤ ʘʜʩʦʨʙʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ  

ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʉʠʙʫʥʠʪ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʚʦʣʦʢʥʠʩʪʳʡ ʫʛʣʝʨʦʜ ï ʂɺʋ ʠ N-ʂɺʋ (ʂɺʋ, ʜʦʧʠʨʦʚʘʥʥʳʡ ʘʪʦʤʘʤʠ ʘʟʦʪʘ).  

ʂʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ɻʇʂ (ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʢʠʩʣʦʪʥʦʩʪʠ 

ɻʘʤʤʝʪʘ ʅ0 ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ɻʇʂ 

(ʂ1)) ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʠ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ. ʂʠʩʣʦʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʤʘʩʩʠʚʥʳʭ ʠ ʥʘʥʝʩʝʥʥʳʭ ɻʇʂ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ  ʩʧʠʥʦʚʦʛʦ ʟʦʥʜʘ ʠ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

ʈʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʙʫʪʘʥʦʣʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʪʨʘʥʩ-

ʜʝʘʣʢʠʣʠʨʦʚʘʥʠʷ 2,6-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʝʥʦʣʘ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʝʢʣʷʥʥʦʤ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʦʤ ʨʝʘʢʪʦʨʝ, ʩʥʘʙʞʝʥʥʦʡ ʤʝʰʘʣʢʦʡ ʠ ʦʙʨʘʪʥʳʤ 

ʭʦʣʦʜʠʣʴʥʠʢʦʤ. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ɻɾʍ.  

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʢʠʩʣʦʪʥʳʤʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ɻʇʂ ʜʣʷ 

ʨʝʘʢʮʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʨʘʩʪʚʦʨʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (ʅʆɸʩ). ʆʪʜʝʣʴʥʳʡ 

ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ H6P2W21O71(H2O)3 ʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʩʣʦʪʥʳʭ ʩʚʦʡʩʪʚ ɻʇʂ ʚ ʨʘʩʪʚʦʨʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʠʢʘʪʦʨʦʚ ʦʨʪʦ- ʠ 

ʧʘʨʘ-ʥʠʪʨʦʘʥʠʣʠʥʦʚ  ʦʧʨʝʜʝʣʝʥʘ ʬʫʥʢʮʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ɻʘʤʤʝʪʘ (ʅ0) ʜʣʷ 

ʨʘʩʪʚʦʨʦʚ H5PW11XO40 (X = Ti, Zr), H3PW11ThO39, H3PW12O40, H4SiW12O40, 
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H6P2W21O71(H2O)3 ʚ 85% ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (ʪʘʙʣʠʮʘ 1). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʠʩʣʦʪʥʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ɻʇʂ ʚʳʰʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʠʣʴʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʢʠʩʣʦʪʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ: H6P2W21O71(H2O)3 

> H4SiW12O40 º H3PW12O40 > H5PW11TiO40 > H3PW11ThO39 º H5PW11ZrO40. ʕʪʦʪ 

ʨʷʜ ʦʪʣʠʯʝʥ ʦʪ ʨʷʜʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ɻʇʂ ʚ 

ʩʤʝʰʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʅ2ʆ/ʘʮʝʪʦʥ (10/90 ʦʙ/ʦʙ) ʠ ʅ2ʆ/ʘʮʝʪʦʥʠʪʨʠʣ (10/90 

ʦʙ/ʦʙ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ 

ʢʠʩʣʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ɻʇʂ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʦʩʥɧʚʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ ʚ ʵʪʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ɻʘʤʤʝʪʘ (ʅ0) ʜʣʷ ʨʘʩʪʚʦʨʦʚ 

ʢʠʩʣʦʪ ʚ 85%-ʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ 

ʂʠʩʣʦʪʘ 
H0
ɸ
 

(0.05 ʤʦʣʴĀʣ
-1
) 

ʅ0
ɹ 

(0.20 ʤʦʣʴĀʣ
-1
) 

H6P2W21O71(H2O)3 ï0.27 ï0.20 

H3PW12O40 +0.10 ï0.17 

H4SiW12O40 ï0.07 ï0.04 

H5PW11TiO40 +0.19 +0.40 

H5PW11ZrO40 +0.79 +1.06 

H3PW11ThO39 +0.70 +1.01 

HBr ï +0.17
 

H2SO4 ï +0.75
 

ɸ
 ɿʥʘʯʝʥʠʷ ʅ0 ʜʣʷ ʨʘʩʪʚʦʨʦʚ ɻʇʂ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʪʳ; 
ɹ
 ɿʥʘʯʝʥʠʷ ʅ0 ʜʣʷ ʨʘʩʪʚʦʨʦʚ ɻʇʂ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʦʪʦʥʦʚ. 

ɼʘʥʥʳʝ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ 

ʙʝʟʚʦʜʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ɻʇʂ ʚʝʜʫʪ 

ʩʝʙʷ ʢʘʢ ʦʜʥʦʦʩʥʦʚʥʳʝ ʢʠʩʣʦʪʳ. 

ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ɻʇʂ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʌʫʦʩʩʘ-

ʂʨʘʫʩʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɺʠʜʥʦ, 

ʯʪʦ ʜʣʷ ʚʦʣʴʬʨʘʤʦʚʳʭ ɻʇʂ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʘʥʠʦʥʘ 

ʢʠʩʣʦʪʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʷʜʫ:  

ɼʦʫʩʦʥ  >  P2W21 >  ʂʝʛʛʠʥ. 

ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʮʝʥʦʯʥʳʤ 

ʩʨʘʚʥʝʥʠʝʤ ʢʠʩʣʦʪʥʦʩʪʠ ɻʇʂ 

ʩʪʨʫʢʪʫʨʳ ɼʦʫʩʦʥʘ ʠ ʂʝʛʛʠʥʘ ʚ 

ʨʘʩʪʚʦʨʘʭ, ʩʜʝʣʘʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʫʯʝʥʠʷ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ. ɼʣʷ ɻʇʂ ʩʪʨʫʢʪʫʨʳ ʂʝʛʛʠʥʘ ʚʝʣʠʯʠʥʘ 

ʂ1 ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ: 

ʊʘʙʣʠʮʘ 2. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪ ʚ 

ʨʘʩʪʚʦʨʝ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʂʠʩʣʦʪʘ ʨʂ1
 
 

H6P2W21O71(H2O)3 4.6 

H6P2W18O62 4.3 

H6P2ʄʦ18O62 4.3 

H3PMo12O40 4.7 

H4SiW12O40 4.8 

H3PW12O40 4.7 

H5PW11TiO40 5.2 

H3PW11ThO39 5.6 

H5PW11ZrO40 5.5 

CF3SO3H 5.0 

H2SO4 7.0 
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H3PW12O40 > H4SiW12O40 > H5PW11TiO40 > H5PW11ZrO40 º H3PW11ThO39. 

ɺ ʮʝʣʦʤ ʵʪʦʪ ʨʷʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʥʝʝ ʥʘʡʜʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʠʩʣʦʪʥʦʩʪʠ ʦʪ 

ʟʘʨʷʜʘ ʘʥʠʦʥʘ ɻʇʂ  

 ɿʘʤʝʱʝʥʠʝ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʘ W(VI)  ʥʘ 

Mo(VI) ʥʝ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ  ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ɻʇʂ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ  ʟʘʤʝʱʝʥʠʝ W(VI) ʥʘ Ti(IV), Zr(IV) ʠʣʠ Th(IV)
 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ
 
ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ 

ʧʨʦʩʪʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ï ʟʘʤʝʱʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʦʩʥɧʚʥʦʩʪʠ ɻʇɸ (ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʪʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ɻʇɸ) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʩʥʠʞʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʂʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʅ6P2W21O71(H2O)3 ʩ ʅʆɸʩ 
ʉʦʛʣʘʩʥʦ 

183
W ʗʄʈ ʠ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 

ʘʥʠʦʥ H6P2W21O71(H2O)3 

ʩʦʜʝʨʞʠʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢ ʪʨʝʤ 

ʘʪʦʤʘʤ W ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ 

ʧʦʷʩʝ. ɼʚʝ ʠʟ ʪʨʝʭ ʤʦʣʝʢʫʣ ʚʦʜʳ 

ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ 

ʦʙʤʝʥʘ. ɼʘʥʥʳʝ 
31
ʈ ʗʄʈ 

ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʅʆɸʩ 

ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʤʝʱʝʥʠʝ ʤʦʣʝʢʫʣ 

ʚʦʜʳ ʥʘ ʤʦʣʝʢʫʣʳ HOAc. ɺ 

ʩʧʝʢʪʨʝ
 

 
31
ʈ ʗʄʈ  ʨʘʩʪʚʦʨʘ 

H6P2W21O71(H2O)3 ʚ 100% 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʩʦʜʝʨʞʘʪʩʷ 3 

ʩʠʛʥʘʣʘ (ʨʠʩ. 1). ʇʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʚʦʜʳ 10% ʜʚʝ  

ʥʘʠʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʣʠʥʠʠ ʩ d 

ï12.5 ʠ ï11.6 ʤ.ʜ. ʠʩʯʝʟʘʶʪ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʟʘʤʝʱʝʥʠʝ ʜʚʫʭ ʤʦʣʝʢʫʣ ʚʦʜʳ 

ʥʘ ʤʦʣʝʢʫʣʳ HOAc ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠ ʁ ʤʦʥʦ- ʠ ʜʠʘʮʠʣʠʨʦʚʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ɻʇʂ: H6P2W21O71(H2O)2(AcOH) (d 
31

P ï12.5 ʤ.ʜ.) ʠ 

H6P2W21O71(H2O)(AcOH)2 (d 
31

P ï11.6 ʤ.ʜ.). ʕʪʠ ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʦʙʨʘʪʠʤʳʤʠ, ʪʘʢ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʡ ï12.5 ʠ ï11.6 ʤ.ʜ. ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ ʅʆɸʩ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɻʇʂ 

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʠʩʣʦʪʥʳʤʠ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ɻʇʂ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʙʫʪʘʥʦʣʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ.  

BuOH + HOAc    BuOAc + H2O (1)  

 
 

ʈʠʩ. 1. ʉʧʝʢʪʨʳ 
31
ʈ

 
ʗʄʈ ʨʘʩʪʚʦʨʦʚ 5Ŀ10

-3
 

ʤʦʣʴĀʣ
-1
 H6P2W21O71(H2O)3  ʚ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʝ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ: 1 ï 

ʙʝʟʚʦʜʥʘʷ HOAc, 2 ï 2.5 ʦʙ. % H2O, 3 ï 10 

ʦʙ. % H2O, 4 ï 50 ʦʙ. % H2O, 5 ï ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ɻʇʂ 

    -10             -12           -14             -16            -18 

                                                                 ppm          

H2O 

H2O H2O 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʘʜʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ  ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ  H3PW12O40 ʠ ʚʝʣʠʯʠʥʦʡ ʬʫʥʢʮʠʠ ʢʠʩʣʦʪʥʦʩʪʠ ɻʘʤʤʝʪʘ ʅ0 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ  ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ɻʇʂ 

ʩʪʨʫʢʪʫʨʳ ɼʦʫʩʦʥʘ  H6P2W18O62.  

ɿʘʚʠʩʠʤʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ 

ʩʠʩʪʝʤʝ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʚ 

ʩʣʫʯʘʝ H6P2W21O71(H2O)3. 

ʋʚʝʣʠʯʝʥʠʝ  ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, 

ʢʦʪʦʨʳʡ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥ ʩ 

ʨʝʘʢʮʠʷʤʠ ʟʘʤʝʱʝʥʠʷ ʤʦʣʝʢʫʣ 

ʚʦʜʳ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʘ ʥʘ ʤʦʣʝʢʫʣʳ 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʦ ʯʝʤ ʫʞʝ 

ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ (ʨʠʩ. 3). ʅʘ 

ʟʘʤʝʱʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ 

ʤʦʣʝʢʫʣʳ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ 

ʫʢʘʟʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ 

ʚʚʝʜʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ɻʇʂ, ʚʚʝʜʝʥʥʘʷ ʩʨʘʟʫ ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ ʚʩʝʭ ʨʝʘʛʝʥʪʦʚ, 

ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʯʝʤ ɻʇʂ, ʚʳʜʝʨʞʘʥʥʘʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ ʪʝʯʝʥʠʝ 1ï5 ʯʘʩʦʚ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ (ʨʠʩ. 4).  
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ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʚʳʭʦʜ 

ʙʫʪʠʣʘʮʝʪʘʪʘ (ɹɸ) ʚ ʨʝʘʢʮʠʠ (1) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 10
-3 
ʄ H6P2W21O71(H2O)3: 

1 ï 1 % ʤʘʩʩ., 2 ï 5 % ʤʘʩʩ., 3 ï 7% 

ʤʘʩʩ., 4 ï 10% ʤʘʩʩ. 
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ʈʠʩ. 4. ɺʣʠʷʥʠʝ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ 

ʨʝʘʛʝʥʪʦʚ ʥʘ ʚʳʭʦʜ ɹɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

H6P2W21O71(ʅ2ʆ)3 : 1 ï ɻʇʂ ʚʚʝʣʠ ʩʨʘʟʫ 

ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ ʠʥʛʨʝʜʠʝʥʪʦʚ, 2 ï 

ʙʫʪʘʥʦʣ ʚʚʝʣʠ ʯʝʨʝʟ 45 ʩʝʢ ʧʦʩʣʝ 

ʚʳʜʝʨʞʠʚʘʥʠʷ ɻʇʂ ʧʨʠ 55
ʦ
ʉ  ʚ 93%-

HOAc, 3 ï  ʯʝʨʝʟ 1 ʯ., 4 ï  ʯʝʨʝʟ 5 ʯ 
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ʈʠʩ. 2. ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ ʥʘ 

ʩʢʦʨʦʩʪ ɹ ʨʝʘʢʮʠʠ (1) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

H3PW12O40 ʠ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ 

ʢʠʩʣʦʪʥʦʩʪʠ ɻʘʤʤʝʪʘ ʅ0 (1ʄ H3PW12O40) 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ɻʇʂ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʙʳʚʘʝʪ ʚ ʨʷʜʫ: 

H21B3W39O132 > H6P2W18O62 º H6P2W21O71 > H6As2W21O69 > ʂʝʛʛʠʥ, 

ʘ  ʜʣʷ ʦʜʥʦʪʠʧʥʳʭ ɻʇʂ (ʩʪʨʫʢʪʫʨʳ ʂʝʛʛʠʥʘ) ï ʚ ʨʷʜʫ: 

H5PW11ZrO40 > H4SiW12O40   ² H3PW12O40 > H5PW11TiO40 >> H3PW11ThO39 

ʕʪʠ ʨʷʜʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚʝʣʠʯʠʥ ʢʦʥʩʪʘʥʪ 

ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʚ 

ʨʘʩʪʚʦʨʝ ʅʆɸʩ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʧʦ  ʢʦʥʜʫʢʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ (ʨʠʩ.  5).  

ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

H5PW11ZrO40, ʚʝʨʦʷʪʥʦ, 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ 

ʙʨʝʥʩʪʝʜʦʚʩʢʠʤʠ ʢʠʩʣʦʪʥʳʤʠ 

ʮʝʥʪʨʘʤʠ, ʥʦ ʠ ʧʦʷʚʣʝʥʠʝʤ 

ʣʴʶʠʩʦʚʩʢʠʭ ʢʠʩʣʦʪʥʳʭ 

ʮʝʥʪʨʦʚ. ɺ ʀʂ-ʩʧʝʢʪʨʝ  

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ɻʇʂ 

ʧʠʨʠʜʠʥʘ (ʨʠʩ. 6),  

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʧʠʨʠʜʠʥ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʥʘ ʣʴʶʠʩʦʚʩʢʠʝ ʢʠʩʣʦʪʥʳʝ 

ʮʝʥʪʨʳ (~1450 ʩʤ
-1
) ʜʣʷ ʦʙʨʘʟʮʘ 

H5PW11ZrO40 ʧʨʠʤʝʨʥʦ ʚ 2.5 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʜʣʷ H5PW11TiO40. ʄʦʞʥʦ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʠʩʣʦʪʥʳʝ ʮʝʥʪʨʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʠʩʫʪʩʪʚʠʝʤ Zr(IV)  ʚ 

ʩʦʩʪʘʚʝ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʘ, ʦʢʘʟʳʚʘʶʪ 

ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ, ʯʝʤ 

ʘʥʘʣʦʛʠʯʥʳʝ ʮʝʥʪʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʠʦʥʘ Ti(IV). ɺʣʠʷʥʠʝ 

ʣʴʶʠʩʦʚʩʢʠʭ ʮʝʥʪʨʦʚ ʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʘʥʝʝ 

ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʝʘʢʮʠʠ  ʜʠʤʝʨʠʟʘʮʠʠ 

ʘʮʝʪʦʥʘ. 
 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ɻʇʂ. 

ʆʪʜʝʣʴʥʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠ ʁ ʧʨʠʛʦʪʦʚʣʝʥʠ ̫ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ɻʇʂ (H3PW12O40, H6P2W21O71(H2O)3, H6P2W18O62, 

H6As2W21O69(H2O)) ʤʝʪʦʜʦʤ ʘʜʩʦʨʙʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʫʛʣʝʨʦʜʥʳʭ ʩʦʨʙʝʥʪʦʚ (ʉʠʙʫʥʠʪ, ʂɺʋ ʠ N-ʂɺʋ). ɺʣʠʷʥʠʝ 

ʥʦʩʠʪʝʣʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʠʣʫ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ɻʇʂ ʙʳʣʦ ʠʟʫʯʝʥʦ  
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ʈʠʩ.  5. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

ʨʝʘʢʮʠʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʙʫʪʘʥʦʣʘ ʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʦʡ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪʳ 

ʢʠʩʣʦʪʥʦʡ ʜʠʩʩʦʮʠʘʮʠʠ. 
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ʈʠʩ. 6. ʀʂ-ʩʧʝʢʪʨʳ ʧʠʨʠʜʠʥʘ, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʘʩʩʠʚʥʳʭ ɻʇʂ: 1 ï H5PW11ZrO40, 2 ï 

H5PW11TiO40, 3 ï H3PW12O40 
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ʤʝʪʦʜʦʤ ʩʧʠʥʦʚʦʛʦ ʟʦʥʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʳ-ʟʦʥʜʘ 

ʥʠʪʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ TEMPOL, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʘʜʩʦʨʙʮʠʠ ʦʩʥʦʚʘʥʠʡ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʠʣʳ ʢʠʩʣʦʪʥʳʭ ʮʝʥʪʨʦʚ ɻʇʂ ʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʜʝ-ʪʨʝʪ-ʙʫʪʠʣʠʨʦʚʘʥʠʷ 2,6-ʜʠ-ʪʨʝʪ-

ʙʫʪʠʣ-4-ʤʝʪʠʣʬʝʥʦʣʘ ʠ ʪɻʝʨʠʬʠʢʘʮʠʠ ʙʫʪʘʥʦʣʘ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ.  

ɸʜʩʦʨʙʮʠʷ ɻʇʂ ʥʘ ʫʛʣʝʨʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ 

ʘʜʩʦʨʙʮʠʠ H3PW12O40 ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʩʦʨʙʝʥʪʘ ʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺʝʣʠʯʠʥʘ  ʘʜʩʦʨʙʮʠʠ 

ʩʥʠʞʘʝʪʩʷ ʚ ʨʷʜʫ ʨʘʩʪʚʦʨʠʪʝʣʝʡ: 

H2O > HOAc > Me2CO > MeOH 

(ʨʠʩ. 7). ʇʨʠ ʘʜʩʦʨʙʮʠʠ ʠʟ ʚʦʜʳ 

aʤʘʢʩ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʘʮʝʪʦʥʘ, 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ ʤʝʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ. ɸʜʩʦʨʙʮʠʷ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʷʨʥʦʩʪʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʨʦʪʝʢʘʥʠʝʤ ʢʦʥʢʫʨʝʥʪʥʦʡ 

ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ɻʇʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʍʘʨʘʢʪʝʨ ʘʜʩʦʨʙʮʠʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʪʨʫʢʪʫʨ r (ʨʠʩ. 8) ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʥʦʩʠʪʝʣʷ (ʪʘʙʣʠʮʘ 3). 

ɸʜʩʦʨʙʮʠʷ H3ʈW12O40 ʥʘ ʂɺʋ-1 ʠ ʂɺʋ-

2 ʧʨʦʪʝʢʘʝʪ ʦʙʨʘʪʠʤʦ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʥʘ ʂɺʋ-3 ʠ N-ʂɺʋ ɻʇʂ ʘʜʩʦʨʙʠʨʫʝʪʩʷ 

ʥʝʦʙʨʘʪʠʤʦ (50ï100 ʤʛ ɻʇʂ ʥʘ 1 ʛ 

ʥʦʩʠʪʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʪʚʦʨʠʪʝʣʷ).  

ʊʘʙʣʠʮʘ 3. ɸʜʩʦʨʙʮʠʷ H3PW12O40 ʥʘ ʂɺʋ-2 ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʅʦʩʠʪʝʣʴ 
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ʈʠʩ. 7. ʀʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ H3PW12O40 

ʥʘ ʂɺʋ-2  

 

                    
         ʂɺʋ-1        ʂɺʋ-2        ʂɺʋ-3 

ʈʠʩ. 8. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚʦʣʦʢʥʘ ʂɺʋ 
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ʅʝʦʙʨʘʪʠʤʘʷ ʘʜʩʦʨʙʮʠʷ H3PW12O40 

ʥʘ ʂɺʋ-3 ʠ N-ʂɺʋ, ʠʤʝʶʱʠʝ 

ʨʘʟʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʥʦ 

ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʘ ʢʘʢ ʢʘʧʩʫʣʠʨʦʚʘʥʠʝʤ  

ʚʥʫʪʨʠ ʧʦʣʦʛʦ ʢʘʥʘʣʘ ʥʘʥʦʪʨʫʙʢʠ 

(ʂɺʋ-3), ʪʘʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ɻʇʂ 

ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʦʩʥɧʚʥʳʤʠ 

ʮʝʥʪʨʘʤʠ (N-ʂɺʋ).  ʄʝʪʦʜʦʤ ʕʄ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ 

H3ʈW12O40 ʥʘ N-ʂɺʋ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʪʝʢʘʝʪ ʥʘ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ 

ʚʦʣʦʢʥʘ (ʨʠʩ. 9ɸ), ʚ ʪʦ  ʚʨʝʤʷ ʢʘʢ ʥʘ 

ʂɺʋ-3 ʘʜʩʦʨʙʮʠʷ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ 

ʢʘʢ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʣʦʢʥʘ, ʪʘʢ ʠ ʥʘ ʮʝʥʪʨʘʭ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʫʪʨʠ ʧʦʣʦʛʦ 

ʢʘʥʘʣʘ ʥʘʥʦʪʨʫʙʢʠ ʂɺʋ (ʨʠʩ. 9ɹ).   

ʉʦʩʪʦʷʥʠʝ H3ʈW12O40 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʂɺʋ-1 ʠ ʂɺʋ-2 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʥʝʩʝʥʥʦʡ ɻʇʂ (ʨʠʩ. 10). ʇʨʠ ʥʘʥʝʩʝʥʠʠ ɻʇʂ ʤʝʥʝʝ 15% ʦʥʘ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 

~20 Ȕ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʤʦʣʝʢʫʣʘʤ ɻʇʂ. 

ʆʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ɻʇʂ ʤʦʛʫʪ ʟʘʧʦʣʥʷʪʴ ʧʫʩʪʦʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʠʟ-ʟʘ 

ʜʝʬʝʢʪʦʚ ʫʧʘʢʦʚʢʠ ʛʨʘʬʠʪʦʧʦʜʦʙʥʳʭ ʩʣʦʝʚ ʚ ʚʦʣʦʢʥʝ ʠ ʩ ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ 

ɻʇʂ ʩʪʘʥʦʚʠʪʩʷ ʮʝʥʪʨʘʤʠ ʜʘʣʴʥʝʡʰʝʡ ʘʜʩʦʨʙʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʧʦʨʷʜʢʘ 50 Ȕ ʠ ʜʘʣʝʝ ʭʦʨʦʰʦ ʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ 

ʬʦʨʤ (² 150 Ȕ). 

 

 

 

 

ʈʠʩ. 10.  ɼʘʥʥʳʝ  ʕʄ ʜʣʷ H3PW12O40 ʥʘʤ ʂɺʋ-2 

 

 
ʈʠʩ. 9. ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 

ʩʥʠʤʢʠ 5.3 % H3PW12O40/N-ʂɺʋ (ɸ) ʠ 10%  

H3PW12O40/ʂɺʋ-3 (ɹ)  
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