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ʉʇʀʉʆʂ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

 

lgKC ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ 

lgK
0
 ʜʝʩʷʪʠʯʥʳʡ ʣʦʛʘʨʠʬʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ 

ȹGf
0
 ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ 298.15 ʂ, ʢɼʞ/ʤʦʣʴ 

ȹrG
0
 ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʨʝʘʢʮʠʠ, ʢɼʞ/ʤʦʣʴ 

I ʠʦʥʥʘʷ ʩʠʣʘ, ʤʦʣʴ/ʣ 

Z ʢʠʩʣʦʪʥʦʩʪʴ 

Zʷʜʨʘ ʟʘʨʷʜ ʷʜʨʘ ʣʘʥʪʘʥʠʜʘ 

ɻʇɸ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥ 

ɻʇʉ ʛʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʝ 

ɻʄʅɸ ʛʝʪʝʨʦʧʦʣʠʛʝʢʩʘʤʝʪʘʣʣʦʥʠʢʝʣʘʪ-ʘʥʠʦʥ 

ɻʇɺɸ ʛʝʪʝʨʦʧʦʣʠʚʦʣʴʬʨʘʤʘʪ-ʘʥʠʦʥ 

ɻʇʄɸ ʛʝʪʝʨʦʧʦʣʠʤʦʣʠʙʜʘʪ-ʘʥʠʦʥ 

ʀʇɸ ʠʟʦʧʦʣʠʘʥʠʦʥʳ 

ʀʇɺɸ ʠʟʦʧʦʣʠʚʦʣʴʬʨʘʤʘʪ-ʘʥʠʦʥʳ 

ʀʇʄɸ ʠʟʦʧʦʣʠʤʦʣʠʙʜʘʪ-ʘʥʠʦʥʳ 

ɼʊɸ ʜʠʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʇʕʄ ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʉʕʄ ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʈʌɸ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʉɸ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɻʝʪʝʨʦʧʦʣʠʘʥʠʦʥʳ (ɻʇɸ) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ 

[ʍ(OH)6ʄ6O18]
nï

 (X ï ʛʝʪʝʨʦʘʪʦʤ, ʄ ï ʄʦ, W), ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʘʢ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ, ʪʘʢ ʚ ʚʦʜʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʦʙʨʘʟʫʶʪ ʰʠʨʦʢʫʶ 

ʛʘʤʤʫ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʘʪʠʦʥʘʤʠ, 

ʷʚʣʷʶʱʠʝʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʪʠʦʥʘʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʤʠ ʯʘʩʪʠʯʥʦ 

ʟʘʧʦʣʥʝʥʥʳʡ f-ʧʦʜʫʨʦʚʝʥʴ, ʦʥʠ ʜʘʶʪ ʩʦʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʣʝʢʪʨʦʥʠʢʠ. ʇʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ɻʇɸ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ɸʥʜʝʨʩʦʥʘ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʦʚ ʠ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪ 

ɹʨʝʥʩʪʝʜʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʪʘʣʠʟʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ, ʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʝʨʦʢʩʦʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʭʦʜʥʳʝ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʤʝʪʘʣʣʳ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʘʪʦʤʦʚ, ʷʚʣʷʝʪʩʷ 

ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦʡ ʚ ʨʝʘʢʮʠʷʭ ʦʢʠʩʣʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʥʝʙʦʣʴʰʦʤʫ ʨʘʟʤʝʨʫ ʠ 

ʧʣʘʥʘʨʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ ʧʨʠʚʣʝʢʘʶʪ 

ʚʥʠʤʘʥʠʝ ʠ ʢʘʢ çʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠè ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʅʝ ʤʝʥʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʜʫʢʪʳ ʪʝʨʤʦʣʠʟʘ ʛʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʡ (ɻʇʉ), ʦʩʦʙʝʥʥʦ ʚ ʧʣʘʥʝ 

ʩʦʟʜʘʥʠʷ ʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ 

ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ɻʇɸ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʯʪʦ, ʫʯʠʪʳʚʘʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʩʦʩʪʘʚʫ ʠ ʯʠʩʪʦʪʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʘʢʠʤʠ ʘʥʠʦʥʘʤʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ 

ʛʝʢʩʘʤʝʪʘʣʣʦʥʠʢʝʣʘʪ(ɯɯ)-ʘʥʠʦʥʦʚ (ɻʄʅɸ) ʚ ʨʘʩʪʚʦʨʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʨʘʩʯʝʪʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʦʚʘʥʠʷ ɻʇɸ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ ʧʦʟʚʦʣʠʪ ʫʩʪʘʥʦʚʠʪʴ ʫʩʣʦʚʠʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʩʦʣʝʡ ʩ ʪʘʢʠʤʠ ʘʥʠʦʥʘʤʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʠ ʢʘʯʝʩʪʚʘ. 
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ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ɼʦʥʝʮʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʛʨʘʤʤʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄʆʅ 

ʋʢʨʘʠʥʳ ʧʦ ʪʝʤʘʤ çʀʟʦʧʦʣʠ- ʠ ʛʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷ d- ʠ f-ʵʣʝʤʝʥʪʦʚ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʙʠʦʘʢʪʠʚʥʳʡ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪ ʢʘʣʴʮʠʷ ʜʣʷ ʤʝʜʠʮʠʥʳè 

(  ̄0110U003465) ʠ çʇʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ ʵʣʝʤʝʥʪʦʚ V ʠ VI ʛʨʫʧʧ ʚ ʨʘʩʪʚʦʨʝ, 

ʪʚʝʨʜʦʡ ʬʘʟʝ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʢʦʤʧʦʟʠʮʠʷʭ ʩ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʦʤè (ˉ 0113U001530). 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ: ʩʠʥʪʝʟ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ 

ʩʚʦʡʩʪʚ ʩʦʣʝʡ s- ʠ f-ʤʝʪʘʣʣʦʚ ʩ ʛʝʢʩʘʚʦʣʴʬʨʘʤʦʥʠʢʝʣʘʪ(ɯɯ)-ʘʥʠʦʥʦʤ, ʨʘʩʯʝʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʘʥʠʦʥʦʚ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

ï ʠʩʩʣʝʜʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ʚ ʨʘʩʪʚʦʨʘʭ ʩʠʩʪʝʤʳ Ni
2+

 ï WO4
2

 ï H
+
 ï H2O 

(ɜ(Ni
2+

 ) : ɜ(WO4
2ï

) : ɜ(H
+
) = 1 : 6 : 6), ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʣʷ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ Ni
2+

 ʟʘʤʝʥʝʥ ʥʘ Co
2+

 ʠʣʠ WO4
2

 ʥʘ ʄʦO4
2

; 

ï ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʣʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʨʘʩʪʚʦʨʘʭ, ʨʘʩʩʯʠʪʘʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(lgKʉ, lgK
0
, ȹG

0
) ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ɻʄʅɸ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ ʠʟ 

ʤʦʤʥʦʤʝʨʥʳʭ ʠʦʥʦʚ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ (ȹG
0
f); 

ï ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʦʣʠ ʩ ʛʝʢʩʘʚʦʣʴʬʨʘʤʦʥʠʢʝʣʘʪ(ɯɯ)-ʘʥʠʦʥʦʤ ʠ ʢʘʪʠʦʥʘʤʠ s- ʠ f-

ʤʝʪʘʣʣʦʚ; 

ï ʫʩʪʘʥʦʚʠʪʴ ʩʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʤʦʣʠʟʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʩʦʣʝʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʦʚ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ ʠ ʩʦʣʠ ʩ ʵʪʠʤʠ ʘʥʠʦʥʘʤʠ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʦʥʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʢʩʘʤʝʪʘʣʣʦʥʠʢʝʣʘʪ(ɯɯ)-ʘʥʠʦʥʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ɸʥʜʝʨʩʦʥʘ; ʩʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʧʦʣʠʛʝʢʩʘʤʝʪʘʣʦʥʠʢʝʣʘʪʦʚ(ɯɯ) 

ʢʘʪʠʦʥʦʚ s- ʠ f-ʤʝʪʘʣʣʦʚ. 
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ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʧʨʦʚʝʜʝʥʦ ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʝʡ ʩ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʃʦʛʘʨʠʬʤʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠʟʦʧʦʣʠʘʥʠʦʥʦʚ (ʀʇɸ) ʠ ɻʇɸ (lgKʉ) ʨʘʩʩʯʠʪʘʥʳ ʤʝʪʦʜʦʤ quasi-Newton (ʧʨʦʛʨʘʤʤʘ 

CLINP 2.1), ʘ ʣʦʛʘʨʠʬʤʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ (lgK
0
) ʤʝʪʦʜʦʤ 

ʇʠʪʮʝʨʘ (Pitzer). ʉʦʩʪʘʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʣʝʡ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʝ 

ʪʠʪʨʦʚʘʥʠʝ, ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ), ʘ ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʘʥʠʦʥʦʚ 

ʧʨʦʚʦʜʠʣʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʩ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ. ʇʨʦʮʝʩʩʳ 

ʪʝʨʤʦʣʠʟʘ ʠʩʩʣʝʜʦʚʘʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, ʘ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʉʕʄ). ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʜʝʥʦ ʧʨʷʤʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ (ʈʉɸ). 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥʥʦʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʨʘʩʪʚʦʨʘʭ ʛʝʪʝʨʦʧʦʣʠʤʝʪʘʣʣʦʥʠʢʝʣʘʪʦʚ ʧʦʟʚʦʣʠʣʦ: 

ï ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʪʴ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʘʭ 

Ni
2+

 ï ʄO4
2ï

 ï H
+
(Z = 1,00) ï H2O (M = Mo, W) ʠ ʉʦ

2+
 ï WO4

2ï
 ï H

+
(Z = 1,00) ï H2O ʠ 

ʧʦʩʪʨʦʠʪʴ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʢʠʩʣʦʪʥʦʩʪʠ Z=ɜ(H
+
)/ɜ(ʄO4

2ï

) = 0,6 2,5, ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʘʥʦʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʦʙʣʘʩʪʠ Z ʜʣʷ ʩʠʥʪʝʟʘ ʩʦʣʝʡ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤ ʘʥʠʦʥʦʤ; 

 ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ ʩ ʥʠʢʝʣʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ɻʄʅɸ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʩʦ ʚʨʝʤʝʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʚ 

ʩʠʩʪʝʤʘʭ ʩ ʢʦʙʘʣʴʪʦʤ ʧʦʜʪʚʝʨʜʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ɻʇɸ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʂʝʛʛʠʥʘ; 

ï ʨʘʩʩʯʠʪʘʪʴ ʣʦʛʘʨʠʬʤʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ȹG
0
f ɻʇɸ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ɸʥʜʝʨʩʦʥʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʢʮʠʡ ʚ 

ʩʭʝʤʘʭ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ ʩ ɻʄʅɸ; 
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ï ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ, ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠ ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ 19 ʥʦʚʳʭ 

ʩʦʣʝʡ ʩ ʢʘʪʠʦʥʘʤʠ s-(Na
+
, K

+
) ʠ f-(La

3+
, Ce

3+
, Pr

3+
, Nd

3+
, Sm

3+
, Eu

3+
, Gd

3+
, Tb

3+
, Dy

3+
, 

Ho
3+

, Er
3+

, Tm
3+

, Yb
3+

, Lu
3+
) ʤʝʪʘʣʣʦʚ ʠ ɻʄʅɸ; 

 ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠ ʤʝʪʦʜʦʤ ʈʉɸ ʦʧʠʩʘʪʴ ʩʪʨʦʝʥʠʝ K6Ni2[W12O40(OH)2]Ā22H2O, 

K3Ni0,5[Ni(OH)6W6O18]Ā12H2O, ʠ ʫʩʪʘʥʦʚʠʪʴ ʠʟʦʩʪʨʫʢʪʫʨʥʦʩʪʴ 

Na4[Ni(OH)6ʄ6O18]Ā16H2O (M = Mo, W); 

 ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʦʣʥʘʷ ʜʝʛʠʜʨʘʪʘʮʠʷ ʩʦʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ɻʇɸ, ʘ 

ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʦʣʠʟʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʠʜʘ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʦʜʝʣʠ 

ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 19 ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʩʠʥʪʝʟʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʉʦʣʠ 

ʩ ʢʘʪʠʦʥʘʤʠ ʣʘʥʪʘʥʠʜʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʇɸ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʙʘʟʳ ʜʘʥʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ (çʊʝʨʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʚʝʱʝʩʪʚè ʠʣʠ Standard Reference Data, NIST), ʘ 

ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 4 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʝʧʦʥʠʨʦʚʘʥʳ 

ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʙʘʥʢʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ICSD 

Fachinformationszentrum Karlsruhe, Germany ʚ ʚʠʜʝ CIF-ʬʘʡʣʦʚ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʩʧʨʘʚʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ʉʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʚʳʧʦʣʥʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʯʘʩʪʴ ʨʘʙʦʪʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ, 

ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, 

ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʜʝʣʘʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʳʚʦʜʳ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʥʠʡ, ʚʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʩʫʞʜʝʥʠʝ, ʦʙʦʙʱʝʥʠʝ ʠ 

ʚʳʚʦʜʳ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʜ.ʭ.ʥ. ɻ.ʄ. ʈʦʟʘʥʮʝʚʳʤ ʠ ʢ.ʭ.ʥ. ʉ.ɺ. ʈʘʜʠʦ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʈʌɸ ʢ.ʭ.ʥ., ʜʦʮ. 

ɸ.ɺ. ʀʛʥʘʪʦʚʫ, ʧʦ ʀʂ-ʘʥʘʣʠʟʫ ʢ.ʭ.ʥ. ɺ.ɺ. ʂʦʚʘʣʝʥʢʦ (ʃʘʙʦʨʘʪʦʨʠʷ ɼʦʥʙʘʩʩʢʦʡ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʪʘʤʦʞʥʠ) ʠ ʢ.ʭ.ʥ. ʆ.ɸ. ɻʦʨʙʘʥʴ (ɼʌʊʀ ʠʤ. ɸ.ɸ. ɻʘʣʢʠʥʘ ʅɸʅ ʋʢʨʘʠʥʳ), 
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ʧʦ ɼʊɸ ʢ.ʭ.ʥ. ʉ.ɺ. ɾʠʣʴʮʦʚʦʡ, ʧʦ ʉʕʄ ɺ.ɺ. ɹʫʨʭʦʚʝʮʢʦʤʫ (ɼʌʊʀ ʠʤ. ɸ.ɸ. ɻʘʣʢʠʥʘ 

ʅɸʅ ʋʢʨʘʠʥʳ), ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢ.ʤ.ʥ., ʜʦʮ. ʅ.ʖ. ʃʝʙʝʜʝʚʦʡ 

(ɼʦʥʅʄʋ ʠʤ. ʄ.ɻʦʨʴʢʦʛʦ), ʧʦ ʈʉɸ ʢ.ʭ.ʥ., ʩʪ.ʥ.ʩ. ɺ.ʅ. ɹʘʫʤʝʨʫ (ʅʊʂ çʀʥʩʪʠʪʫʪ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚè ʅɸʅ ʋʢʨʘʠʥʳ). 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʦʢʣʘʜʦʚ ʥʘ ʈʝʛʠʦʥʘʣʴʥʦʤ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʬʦʨʫʤʝ çʉʠʙʍʀʊ-2008è (ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 2008), ʥʘ VI 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʭʠʤʠʠ "ʄʝʥʜʝʣʝʝʚ-2012" (ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʉʇʙɻʋ 2012), ʥʘ IV ʠ Vɯɯ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʰʢʦʣʘʭ-ʩʝʤʠʥʘʨʘʭ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚè (ʛ. ʍʘʨʴʢʦʚ, ʅʊʂ çʀʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚè, 2010, 

2013), ʥʘ XVIII  ʠ XIX ʋʢʨʘʠʥʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʧʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʩ 

ʫʯʘʩʪʠʝʤ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ (ʛ. ʍʘʨɹʢʦʚ, 2011; ʛ. ʆʜʝʩʩʘ, 2014), ʥʘ VI 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʍ̔ʤʽʷ ʪʘ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾè (ʛ. 

ɼʥʝʧʦʧʝʪʨʦʚʩʢ, ɻɺʋɿ çʋɻʍʊʋè, 2013), ʥʘ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ɼʦʥʝʮʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ɼʦʥʝʮʢ, 2012), ʥʘ ɺʩʝʫʢʨʘʠʥʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʍʠʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤ rʩʦʚʨʝʤʝʥʥʦʩʪʠè (ʛ. ɼʦʥʝʮʢ, ɼʦʥʅʋ, 2013).  

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʰʝʩʪʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʟʜʘʥʠʷʭ (ʠʟ ʢʦʪʦʨʳʭ ʪʨʠ ʚ ʟʘʛʨʘʥʠʯʥʳʭ ʠʟʜʘʥʠʷʭ), ʘ ʪʘʢʞʝ ʚ 9 

ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʦʙʨʘʞʘʶʪ 

ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʝʨʪʘʮʠ̫  ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ 

ʨʦʟʜʝʣʦʚ, ʦʙʱʠʭ ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ 8 ʧʨʠʣʦʞʝʥʠʡ. 

ʇʦʣʥʳʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 205 ʩʪʨʘʥʠʮ, ʠʟ ʥʠʭ 150 ʩʪʨʘʥʠʮ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʘ. 

ɼʠʩʩʝʨʪʘʮʠ̫  ʩʦʜʝʨʞʠʪ 114 ʨʠʩʫʥʢʦʚ ʠ 33 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 192 ʥʘʠʤʝʥʦʚʘʥʠ̫ , ʟʘʥʠʤʘʝʪ 20 ʩʪʨʘʥʠʮ. 

ʇʨʠʣʦʞʝʥʠʷ (ʢʨʠʚʳʝ ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠ̫ , ʧʨʠʤʝʨʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨ r ʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤ  r

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʣʝʡ) ʠʟʣʦʞʝʥʳ ʥʘ 34 ʩʪʨʘʥʠʮʘʭ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 4 ʨʠʩʫʥʢʘ ʠ 

22 ʪʘʙʣʠʮ.r 
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ʈɸɿɼɽʃ 1 

ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1. ɻʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷ ʩ ʘʥʠʦʥʦʤ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ 

 

ɸʥʠʦʥ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ [ʅʭXM 6O24]
nï

 ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ ʦʢʪʘʵʜʨʦʚ 

Mʆ6 (M = Mo, W), ʩʚʷʟʘʥʥʳʭ ʨʝʙʨʘʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ 

ʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʧʦʣʦʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʛʝʪʝʨʦʘʪʦʤ. ʀʟʚʝʩʪʥʳ ʜʚʘ ʪʠʧʘ ʩʪʨʫʢʪʫʨ 

ʧʦʣʠʘʥʠʦʥʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʩʝʤʠ ʩʚʷʟʘʥʥʳʭ ʨʝʙʨʘʤʠ ʦʢʪʘʵʜʨʦʚ. ɽʱʝ ʚ 1937ʛ.  

 

ʈʠʩ. 1.1. ʉʪʨʫʢʪʫʨʳ ʘʥʠʦʥʦʚ [ʄ7ʆ24]
nï

, 

ʘ ï ɸʥʜʝʨʩʦʥʘ, ʙ ï ʛʝʧʪʘʤʦʣʠʙʜʘʪʘ 

J.S. Anderson ʚ [1] ʧʨʝʜʧʦʣʘʛʘʣ, ʯʪʦ ʧʦʯʪʠ 

ʧʣʘʥʘʨʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 1.1 ʘ) ʠʤʝʶʪ ʠ 

ʛʝʧʪʘʤʦʣʠʙʜʘʪï [ʄʦ7ʆ24]
6ï
, ʠ 

ʛʝʢʩʘʤʦʣʠʙʜʦʠʦʜʘʪï [ɯʄʦ6ʆ24]
5ï

 ʘʥʠʦʥʳ, 

ʦʜʥʘʢʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ [ʄʦ7ʆ24]
6ï

 ʠʤʝʝʪ 

ʠʥʫʶ ʩʪʨʫʢʪʫʨʫ [2] (ʨʠʩ. 1.1. ʙ). ɺʧʝʨʚʳʝ 

ʧʣʘʥʘʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ 

ʈʉɸ A. Perloff ʪʦʣʴʢʦ ʚ 1970 ʛ ʜʣʷ [Cr(OH)6M6O18]
4

 [3], ʘ ʚ 1974 ʛ H.T Evans ʜʣʷ 

[ʊʝʄʦ6ʆ24]
6ï

 [4]. ʆʧʠʩʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʷ ɸʥʜʝʨʩʦʥʘ-ʕʚʘʥʩʘ, ʣʠʙʦ 

ʧʨʦʩʪʦ ɸʥʜʝʨʩʦʥʘ. ʂ ʢʦʥʮʫ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʥʘʢʦʧʠʣʩʷ ʤʘʪʝʨʠʘʣ, ʯʪʦʙʳ ʚ [5] 

ʧʨʝʜʣʦʞʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ [ʅʭXM 6O24]
nï

 ʧʦ ʯʠʩʣʫ ʚʥʫʪʨʠʩʬʝʨʥʳʭ ʧʨʦʪʦʥʦʚ (ʭ), 

ʚʢʣʶʯʘʶʱʫʶ ʪʨʠ ʛʨʫʧʧʳ: ʢʣʘʩʩ ɸ (ʭ = 0; X=Te
IV

, I
V
 ʜʣʷ ʤʦʣʠʙʜʘʪʦʚ;

 
Sb

V
 ʠ Mn

IV
 ʜʣʷ 

ʚʦʣʴʬʨʘʤʘʪʦʚ); ɺ (ʭ = 6; X = Mn
II

, Fe
II
, Co

II
, Ni

II
, Cu

II
, Zn

II
, Al

III
, Ga

III
, Cr

III
, Fe

III
, Co

III
, 

Rh
III
, ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ) ʠ ʉ (ʭ = 0ï5; 

[Pt
IV
ʆ6ʅ6ïnM6O18]

(8ïn)ï
 (n = 0ï5), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʣʠʙʦ ʧʣʘʥʘʨʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ɸʥʜʝʨʩʦʥʘ Ŭïʍʄ6ʆ24, ʣʠʙʦ ʥʝʧʣʘʥʘʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʃʠʥʜʢʚʠʩʪʘ ɓïʍʄ6ʆ24). 

 

1.1.1. ɻʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷ ʩ ʘʥʠʦʥʦʤ ɸʥʜʝʨʩʦʥʘ ʢʣʘʩʩʘ ɸ 

 

H.T. Evans ʚ 1948 ʛ [6] ʩʦʦʙʱʠʣ ʦ ʚʦʟʤʦʞʥʦʤ ʩʪʨʦʝʥʠʠ, ʘ ʚ 1974 ʛ [4] 

ʧʨʝʜʩʪʘʚʠʣ ʧʦʣʥʦʝ ʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʣʝʡ K6[TeMo6O24]Ā7H2O, 
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(NH4)6[TeMo6O24]Ā7H2O ʠ (NH4)6[TeMo6ʆ24]ĀTe(OH)6Ā7H2ʆ, ʩʠʥʪʝʟʠʨʦʚʘʥʥrʭ ʠʟ 

ʛʝʧʪʘʤʦʣʠʙʜʘʪʦʚ ʠ ʦʨʪʦʪʝʣʣʫʨʦʚʦʡ ʢʠʩʣʦʪ r ʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʢʪʘʵʜʨʳ ʄʦʆ6 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʩʢʘʞʝʥʳ, ʘ ʘʪʦʤʳ ʄʦ ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʞʝ ʢ ʢʨʘʶ ʘʥʠʦʥʘ. 

ʎʝʥʪʨʘʣʴʥʳʡ ʦʢʪʘʵʜʨ ʊʝʆ6 ʤʝʥʝʝ ʠʩʢʘʞʝʥ, ʥʦ ʪʘʢ ʞʝ ʩʧʣʶʱʝʥ, ʪʦʛʜʘ ʢʘʢ Te(OH)6 ʚ 

(NH4)6[TeMo6ʆ24]ĀTe(OH)6Ā7H2ʆ ï ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʘʚʠʣʴʥʳʡ ʦʢʪʘʵʜʨ. 

ʄʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ [(H2O)2Co(TeMo6O24)][(C10N2H10)2]Ā9,5H2O ʠ 

[(C10N2H9)Ni(H2O)3]2[TeMo6O24]Ā8,5H2O [7] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʪʚʦʨʘ 

Na6[TeMo6O24]Ŀ7H2O ʧʨʠ ʨʅ = 5,5 ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɿʥʘʯʝʥʠʝ ʜʣʠʥ 

ʩʚʷʟʝʡ Te O ʠ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʆ ʊʝ ʆ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ 

ʦʢʪʘʵʜʨʘ ʊʝʆ6 ʚ ʮʝʥʪʨʝ ʘʥʠʦʥʘ.  

ɺ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ (NH4)2{[M(H 2O)3]2[TeMo6O24]}ĿH2O (M = Mn, Co, Ni, Cu, 

Zn), ʧʦʣʫʯʝʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʩʠʥʪʝʟʦʤ [8], [TeMo6O24]
6ï

 ʩʚʷʟʘʥ ʩ 6 ʘʪʦʤʘʤʠ 

 

ʈʠʩ. 1.2. ʂʦʦʨʜʠʥʘʮʠʷ [TeMo6O24]
6ï

 ʢ ʰʝʩʪʠ 

ʛʨʫʧʧʘʤ {Mn(H2O)3} (ʘ); ʢʦʦʨʜʠʥʘʮʠ ̫ʛʨʫʧʧʳ 

{Mn(H 2O)3} ʢ ʪʨʝʤ ʘʥʠʦʥʘʤ [TeMo6O24]
6ï

 (ʙ) 

(ʮʚʝʪʦʚʦʡ ʢʦʜ: ʊʝ ʠ TeO6  ʬʠʦʣʝʪʦʚʳʝ; ʄʦ ʠ 

MoO6  ʞʝʣʪʳʝ; Mn  ʩʠʥʠʝ; ʆ  ʢʨʘʩʥʳʝ) [8] 

d-ʤʝʪʘʣʣʦʚ (ʨʠʩ. 1.2. ʘ), 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʪʝʨʤʠʥʘʣʴʥʳʭ ʆ 

ʘʥʠʦʥʦʚ ʠ ʪʨʝʭ ʤʦʣʝʢʫʣ ʅ2ʆ 

(ʨʠʩ. 1.2. ʙ). ʅʝʪʠʧʠʯʥʳʡ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʥʠʦʥʦʤ 

ɸʥʜʝʨʩʦʥʘ ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʠ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʥʠʭ 

ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʜʦʙʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʧʠʨʠʪʘ. 

 
ʈʠʩ. 1.3. [H2imz]6[TeW6O24]Ā2(Himz) 

[10] 

ɺʧʝʨʚʳʝ cʪʨʫʢʪʫʨʘ 

ʛʝʪʝʨʦʧʦʣʠʛʝʢʩʘʚʦʣʴʬʨʘʤʦʪʝʣʣʫʨʘʪ-ʘʥʠʦʥʘ ʚ 

ʩʦʩʪʘʚʝ Na6[TeW6O24]Ā22H2O ʙʳʣʘ ʦʧʠʩʘʥʘ 

ʢʘʥʘʜʩʢʠʤʠ ʫʯʝʥʳʤʠ ʚ [9]. ʇʦʟʜʥʝʝ 

ʫʩʪʘʥʦʚʠʣʠ,ʯʪʦ ʚ [H2imz]6[TeW6O24]Ā2(Himz) ʠ  

[4-H2-methyl-imz]6[TeW6O24]ĀTe(OH)6 [10] 

ʟʥʘʯʝʥʠ ̫ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʚ  
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ʘʥʠʦʥʘʭ ʙʣʠʟʢʠ ʢ ʦʧʠʩʘʥʥʳʤ ʚ [9] ʜʣʷ [TeW6O24]
6
, ʘ ʢʘʪʠʦʥʳ ʩʦʝʜʠʥʷʶʪʩʷ ʩ 

ʘʥʠʦʥʦʤ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʆ ʘʥʠʦʥʘ ʠ N ʠʤʠʜʘʟʦʣʘ (ʨʠʩ. 1.3.). 

ʄʝʪʦʜʦʤ 
1
ʅ ʗʄʈ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʩʠʛʥʘʣʳ ʦʪʥʦʩʷʪʩʷ ʢ ʚʦʜʦʨʦʜʘʤ ʢʘʪʠʦʥʦʚ. 

Z. Xu ʩ ʩʦʘʚʪ. ʚ ʨʘʙʦʪʝ [11] ʩʦʦʙʱʘʶʪ ʦ ʩʠʥʪʝʟʝ ʩʦʣʠ [Na(H2O)3]2[{Cu(2,2ô-

bipy)2}2(TeW6O24)]Ā4H2O, ʚ ʢʦʪʦʨʦʡ ʘʥʠʦʥʳ ʚʳʩʪʫʧʘʶʪ ʙʠʜʝʥʪʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʘ ʜʚʫʭʤʝʨʥʘʷ ʠ ʪʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ, ʥʦ ʠ ʙʣʘʛʦʜʘʨʷ ˊ ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʤʦʣʝʢʫʣ 2,2ô-ʙʠʧʠʨʠʜʠʥʘ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʦʩʝʜʥʠʭ ʩʣʦʷʭ. ʉʦʝʜʠʥʝʥʠʷ [{Na4(H2O)14}{Cu(gly)}2][TeMo6O24] 

(gly = ʛʣʠʮʠʥ) ʠ [{Cu(en)2}3{TeW6O24}]Ā6H2O (en = ʵʪʠʣʝʥʜʠʘʤʠʥ) [12] ʧʨʦʷʚʣʷʶʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʮʠʢʣʦʛʝʢʩʝʥʘ ʠ ʩʪʠʨʦʣʘ. 

ɺ ʨʘʙʦʪʝ H.J.F. Angus ʩ ʩʦʘʚʪ. [13] ʧʨʦʚʦʜʠʣʠ ʩʠʥʪʝʟ (CH6N3)5[IMo 6O24] ʠ 

(CH6N3)5[IW6O24] ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʦʪʥʦʰʝʥʠʷʭ NaIO4 ʠ Na2MO4 (M = Mo, 

W), ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʅ = 3; 5; 8 ʠ ʪʝʤʧʝʨʘʪʫʨʝ. ɹr ʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʅ = 5 

ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ, [IMo6O24]
5

 ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʠʟʦʧʦʣʠʤʦʣʠʙʜʘʪ-

ʘʥʠʦʥʘʤʠ, ʘ [IW6O24]
5

 ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʛʝʢʩʘʚʦʣʴʬʨʘʤʘʪ-ʘʥʠʦʥʘ ʧʨʠ ʨʅ = 4 5. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ɯʆ4, ʠ ʥʝ ʚʳʟʳʚʘʶʪ ʜʦʚʝʨʠʷ, ʘ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʚʳʟʚʘʥ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʩʦʩʪʦʷʥʠʠ ʠʦʥʦʚ Mo
VI

 ʠ W
VI

. 

ʄ. Filowitz ʩ ʩʦʦʘʚʪ. ʧʨʦʚʝʣ 
17
ʆ ʗʄʈ-ʠʩʩʣʝʜʦʚʘʥʠʝ̫ Na5[IMo6O24]Ā3H2ʆ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʧʨʠ ʊ = 85 95Áʉ ʩʤʝʰʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ NaIO4 ʠ ʨʘʩʪʚʦʨʘ Na2MO4, 

ʧʦʜʢʠʩʣʝʥʥʦʛʦ HCl [14]. 

ʉʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʠʦʥʦʚ [IMo6O24]
5

 [15] ʠ [TeMo6O24]
6

 

[4] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʤʝʥʴʰʠʡ ʠʦʥʥʳʡ ʨʘʜʠʫʩ I
7+

 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Te
6 +

 ʠ ʥʘ 

ʙʦʣʝʝ ʜʣʠʥʥʫʶ ʩʚʷʟʴ I Oc, ʯʝʤ ʊʝ Oc, ʦʙʱʠʡ ʨʘʟʤʝʨ ʩʘʤʦʛʦ ʘʥʠʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ 

ʤʝʥʷʝʪʩʷ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʘʥʠʦʥʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʂʝʛʛʠʥʘ, ʨʘʟʤʝʨ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʨʘʜʠʫʩʫ ʛʝʪʝʨʦʘʪʦʤʘ. 

ɺ [16] ʧʨʠ ʨʅ = 6 ʩʠʥʪʝʟʠʨʦʚʘʣʠ Na5[IMo 6O24]Ā16,5H2ʆ, ʘ ʟʘʪʝʤ ʧʨʠ ʪʦʤ ʞʝ ʨʅ 

ʧʦ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ʩ CoCl2Ā6H2O ʧʦʣʫʯʠʣʠ CoNa3[IMo 6ʆ24]Ā14H2ʆ, ʚ ʢʦʪʦʨʦʡ 

ʘʥʠʦʥ ʦʢʨʫʞʝʥ ʠʩʢʘʞʝʥʥʳʤʠ ʦʢʪʘʵʜʨʘʤʠ Na
+
 ʠ Co

2+
 (ʨʠʩ. 1.4), ʦʙʨʘʟʫʷ ʫʥʠʢʘʣʴʥʫʶ 

ʫʧʘʢʦʚʢʫ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʣʦʝʚ ʘʥʠʦʥʦʚ (ɸ) ʠ ʢʘʪʠʦʥʦʚ (ɺ)  BABBAB. 
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ʈʠʩ. 1.4. ʐʘʨʦʩʪʝʨʞʥʝʚʦʝ (ʘ) ʠ 

ʧʦʣʠʵʜʨʠʯʝʩʢʦʝ (ʙ) ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ CoNa3[IMo 6ʆ24]Ā14H2ʆ [16] 

ɻʝʪʝʨʦʧʦʣʠʩʦʣʴ Q3H2[IMo 6O24] 

(Q = (n-Bu)4N
+
) [17] ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʘʵʨʦʙʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʚʠʮʠʥʘʣʴʥʳʭ ʜʠʦʣʦʚ ʧʨʠ 

80ÁC. ʍʦʨʦʰʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʜʣʷ ʨʝʘʢʮʠʡ 

ʬʦʪʦʜʝʛʠʜʨʘʪʘʮʠʠ ʨʦʜʘʤʠʥʘ ɺ ʧʨʠ ʋʌ-

ʦʙʣʫʯʝʥʠʠ [18] ʧʨʦʷʚʣʷʶʪ 

[Mn(salen)(H2O)2]2Na3[IMo 6O24]Ŀ18H2O ʠ 

[Mn(salpn)(H2O)2]2Na3[IMo 6O24]Ŀ10H2O (salen = N,Nô-ethylene-bis(salicylideneiminate); 

salpn=N,Nô-(1,3propylene)bis(salicylideneiminate)), ʘ H[bitdcNi(H2O)3]2[IMo 6O24]Ŀ6H2O 

(bitdc=N,Nǋ-bis(isonicotinoyl)-trans-1,2-diaminocyclohexane) [19] ʧʨʦʷʚʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ, ʥʦ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɻʝʪʝʨʦʧʦʣʠʩʦʣʠ ʩ Cu
2+

 ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʘʪʦʤʘ Na10[Cu
II
W6O24]Ŀ22H2O ʠ 

Na10[Cu
II
Mo6O24]Ŀ19H2O [20] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠ ʨʅ = 3,5 ʠ ʠʟʫʯʝʥʳ ʪʦʣʴʢʦ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʝʡ. ʆʙʨʘʟʦʚʘʥʠʝ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʦʚ 

ʢʣʘʩʩʘ ɸ ʩ Cu
2+

 ʚʝʩʴʤʘ ʩʦʤʥʠʪʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʧʦ ʤʥʝʥʠ ʁ[21] ʥʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ [ʅʭXM 6O24]
nï

 ʟʘʚʠʩʠʪ ʦʪ ʟʘʨʷʜʘ ʛʝʪʝʨʦʘʪʦʤʘ X
m+

  ʝʩʣʠ m > 3, ʪʦ 

ʦʙʨʘʟʫʝʪʩʷ ʘʥʠʦʥ ʢʣʘʩʩʘ ɸ, ʝʩʣʠ m Ò 3  ʢʣʘʩʩʘ ɺ. 

 

ʈʠʩ. 1.5. ʆʙʱʠʡ ʚʠʜ ʩʪʨʫʢʪʫʨʳ 

Na2K6[MnW6O24]Ā12H2O [21], MnO6  

ʯʝʨʥʳʤ, WO6  ʩʚʝʪʣʦ-ʩʝʨʳʤ, Na(OH2)6  

ʪʝʥʦ-ʩʝʨʳʤ, ʘʪʦʤʳ K  ʩʝʨʳʝ ʰʘʨʳ 

ɺ [21] ʦʧʠʩʘʥʳ ʩʠʥʪʝʟ ʠ ʩʪʨʫʢʪʫʨʘ 

Na2K6[MnW6O24]Ā12H2O, ʧʦʣʫʯʝʥʥʦʡ ʠʟ 

Na2WO4 ʠ MnSO4 ʩ ʜʦʙʘʚʣʝʥʠʝʤ K2S2O8 

ʜʣʷ ʦʢʠʩʣʝʥʠʷ Mn
2+

 ʚ Mn
4+
. ʉʪʨʫʢʪʫʨʥʳʝ 

ʧʘʨʘʤʝʪʨʳ [MnW6O24]
6

 ʠ [ʊʝMo6O24]
6

 

[4] ʙʣʠʟʢʠ, ʦʜʥʘʢʦ ʦʢʪʘʵʜʨ MnO6 ʙʦʣʝʝ 

ʠʩʢʘʞʝʥ, ʯʝʤ ʊʝʆ6. ʂʦʦʨʜʠʥʘʮʠʦʥʳʡ 

ʧʦʣʠʵʜʨ ʂ
+
  ʜʚʫʭʰʘʧʦʯʥʘʷ 

ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ, Na
+
  ʦʢʪʘʵʜʨ 

(ʨʠʩ.1.5.). ʀʩʧʦʣʴʟʦʚʘʥʠʝ Na2S2O8 ʚʤʝʩʪʦ  
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ʂ2S2O8 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʠ Na8[MnW6O24]Ā18H2O [22], ʚ ʢʦʪʦʨʦʡ 

[MnW6O24]
8

 ʪʘʢʦʡ ʞʝ ʢʘʢ ʚ [21], ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʪʣʠʯʠʷʤʠ ʚ ʜʣʠʥʘʭ ʩʚʷʟʝʡ ʠ 

ʚʘʣʝʥʪʥʳʭ ʫʛʣʘʭ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʢʘʪʠʦʥʘ. 

ʊʝʨʤʦʣʠʟ ʄ
I
8[MnW6O24]ĀnH2O (ʄ

I
 = Na, K, Rb), Tl5H3[MnW6O24]ĀnH2O ʠ 

ʄ
II

4[MnW6O24]ĀmH2O (ʄ
II
 = Ca, Sr, Ba) [23] ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʨʦʜʘ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ 

ʢʘʪʠʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ. ʉʦʣʠ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʪʘʣʣʠʷ ʨʘʟʣʘʛʘʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʟ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʧʠʨʦʭʣʦʨʘ ʠ ʚʦʣʴʬʨʘʤʦʚʳʭ ʙʨʦʥʟ, ʩʦʜʝʨʞʘʱʠʭ Mn
4+
, ʢʦʪʦʨʳʝ ʧʣʘʚʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

600 700Áʉ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ, ʘ ʬʘʟʘʤʠ ʪʝʨʤʦʣʠʟʘ ʩʦʣʝʡ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʄ
II
WO4 ʠ MnWO4. 

ɻʝʪʝʨʦʧʦʣʠʘʥʠʦʥʳ ʩ Sb ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʘʪʦʤʘ ʭʘʨʘʢʪʝʨʥʳ ʪʦʣʴʢʦ ʜʣʷ 

ʚʦʣʴʬʨʘʤʘ: K5,5H1,5[SbW6O24]Ā6H2O [24], K5Na2[SbW6O24]Ā12H2O [25], 

Na2,5K5,3[SbW6O24](NO3)0,8Ā12H2O ʠ Na2K5,35[SbW6O24]Cl0,35Ā12H2O [26], ʥʘʣʠʯʠʝ 

ʢʘʪʠʦʥʦʚ ʢʘʣʠʷ ʚ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠ ʩʠʥʪʝʟʝ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʦʛʦ K[Sb(OH)6]. ɸʥʠʦʥ ʚ Na2,5K5,3[SbW6O24](NO3)0,8Ā12H2O [26] 

ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʘʥʠʦʥʫ ʚ K5Na2[SbW6O24]Ā12H2O [25], ʘ ʝʝ ʧʨʦʢʘʣʠʚʘʥʠʝ ʧʨʠ 400Áʉ 

ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʙʨʘʟʮʘ, ʚ ʢʦʪʦʨʦʤ ʧʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʦʭʨʘʥʷʝʪʩʷ 

[SbW6O24]
7

 ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ. 

 

1.1.2. ɻʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷ ʩ ʘʥʠʦʥʦʤ ɸʥʜʝʨʩʦʥʘ ʢʣʘʩʩʘ ɺ 

 

ɼʘʥʥʳʭ ʦ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʘʥʠʦʥʦʤ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ ʢʣʘʩʩʘ ɺ 

[X(ʆʅ)6M6O18]
mï

 ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʯʝʤ ʦ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʘʥʠʦʥʦʤ 

ʢʣʘʩʩʘ ɸ ʠ ʉ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ ʘʣʶʤʠʥʠʡ ʠ ʭʨʦʤʩʦʜʝʨʞʘʱʠʝ 

ʛʝʪʝʨʦʧʦʣʠʛʝʢʩʘʤʦʣʠʙʜʘʪʳ. 

ɺ [27] ʤʝʪʦʜʘʤʠ ʨʅ-ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ ʠ 
27

 Al -ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ H
+

 Al
3+
Moʆ4

2
 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

Al
3+

 ʠ Moʆ4
2

 ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ ʦʪ 1,5 ʜʦ 6 (ʨʠʩ. 1.6). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

[Al (ʆʅ)6M6O18]
3ï

 ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ A1
3+

 ʠ Moʆ4
2

 ʚ 
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ʈʠʩ. 1.6. ɼʠʘʛʨʘʤʤʘ ʜʦʤʠʥʠʨʦʚʘʥʠʷ 

ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ H
+

Al
3+
Moʆ4

2
 (logC  

ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ Moʆ4
2
, logɺ  ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Al
3+

) [27] 

ʨʘʩʪʚʦʨʝ ʚ ʜʠʘʧʘʟʦʥʝ ʨʅ = 2 5, ʘ 

ʢʦʥʩʪʘʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 

6H
+
+Al

3+
+6MoO4

2
 ᵰ [Al(ʆʅ)6M6O18]

3ï
 

ʨʘʚʥʘ lg (ɓ) = 50,95Ñ0,04. 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

Na3(H2O)6[Al(OH)6Mo6O18]Ā2H2O 

[28 29], ʧʦʣʫʯʝʥʥʦʛʦ ʩʤʝʰʠʚʘʥʠʝʤ 

ʧʦʜʢʠʩʣʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ AlCl3 ʠ 

Na2MoO4, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 

ʦʙʣʘʜʘʝʪ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʘʤʠ,  

ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʩ ʧʦʣʠʵʜʨʘʤʠ ʥʘʪʨʠʷ ʯʝʨʝʟ ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʪʦʤʳ ʆ (ʨʠʩ. 1.7 ʘ) 

[29]. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ "ʠʟʚʠʣʠʩʪʳʝ" ʢʘʥʘʣʳ, ʟʘʥʷʪʳʝ ʜʠʤʝʨʘʤʠ ʚʦʜʳ, 

ʢʦʪʦʨʫʶ ʘʚʪʦʨʳ [28] ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʩʫʙʩʪʨʘʪ, ʘ ʚʩʶ ʩʪʨʫʢʪʫʨʫ ʢʘʢ ʨʝʮʝʧʪʦʨ 

(ʨʠʩ. 1.7 ʙ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʂ2MoO4 ʚʤʝʩʪʦ Na2MoO4 ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʠ K3H6[AlMo6ʆ24]Ŀ7H2ʆ [30], ʘʥʠʦʥ ʚ ʢʦʪʦʨʦʡ ʠʟʦʩʪʨʫʢʪʫʨʝʥ 

ʥʘʪʨʠʝʚʳʤ ʘʥʘʣʦʛʘʤ. 

 

 

ʘ) 

 
ʙ) 

ʈʠʩ. 1.7. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

(ʘ) ʠ ʠʟʦʙʨʘʞʝʥʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʤʝʨʘ H2O 

ʚ ʩʪʨʫʢʪʫʨʝ Na3(H2O)6[Al(OH)6Mo6O18]Ā2H2O [29] 
 

ɺ Na3(C6H15N5O)2[Al(OH) 6Mo6O18]2ClĀ20H2O [31] ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ ʚʠʜʘ 

ʦʢʨʫʞʝʥʠʷ Na
+
 ʚ ʩʪʨʫʢʪʫʨʝ: ʚ ʧʝʨʚʦʤ ʦʢʪʘʵʜʨʳ ʥʘʪʨʠʷ ʩʦʩʪʦʷʪ ʠʟ ʘʪʦʤʦʚ ʆ, ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥ rʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ, ʚʦ ʚʪʦʨʦʤ ʥʘ ʜʚʘ Na
+
 ʧʨʠʭʦʜʠʪʩʷ 

ʦʜʠʥ Cl, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʮʝʥʪʨʝ ʠʥʚʝʨʩʠʠ, ʘ C6H15N5O
2+

 ʠ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ 
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ʅ2ʆ ʙʣʘʛʦʜʘʨʷ ʚʦʜʦʨʦʜʥʳʤ ʩʚʷʟʷʤ ʬʦʨʤʠʨʫʪʁ ʪʨʝʭʤʝʨʥʫ  ʁʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫ  ʁ

ʩʪʨʫʢʪʫʨʫ. ɺ {Na[(CH3)3N(CH2)2OH]2}[Al(OH) 6Mo6O18]Ā2(NH2CONH2)Ā6H2O [32] 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʪʘʢ ʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟ 

ʮʝʧʦʯʝʢ ʘʥʠʦʥʦʚ [Al(OH)6Mo6O18]
3

 ʠ ʢʘʪʠʦʥʦʚ [Na(H2O)2(NH2CONH2)2]
+
 (ʨʠʩ. 1.8). 

 

 

ʈʠʩ. 1.8. ʆʜʥʦʤʝʨʥʳʝ ʮʝʧʦʯʢʠ ʚ ʩʪʨʫʢʪʫʨʝ 

{Na[(CH3)3N(CH2)2OH]2}[Al(OH) 6Mo6O18]Ā2(NH2CONH2)Ā6H2O [31] 

 

ɺ [33] ʠʟ ʩʠʩʪʝʤʳ AlCl3  Na2MoO4  CH3COOH  HCl ʚʳʜʝʣʝʥʳ ʙʝʩʮʚʝʪʥʘʷ  

 

[Al(H 2O)6][Al(OH) 6Mo6O18]Ā10H2O, ʚ 

ʢʦʪʦʨʦʡ ʥʘʣʠʯʠʝ ʚʥʝʰʥʝʩʬʝʨʥʳʭ Al
3+

 

ʚʳʟʚʘʥʦ ʠʟʙʳʪʢʦʤ Al
3+

  ɜ(Al
3+
):ɜ(MoO4

2
) 

= 0,86, ʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʝ 

27
Al-ʗʄʈ ʠ ʜʘʥʥʳʝ ʈʉɸ ʧʦʜʪʚʝʨʞʜʘʪʁ 

ʨʘʟʥʦʝ ʦʢʨʫʞʝʥʠʝ Al
3+

 ʚ ʩʦʩʪʘʚʝ ʩʦʣʠ: 

[Al(H 2O)6]
3+

 ʠ [Al(OH)6Mo6O18]
3

. ɺʦʜʘ ʚ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʢʘʪʠʦʥʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʚʫʭ ʛʝʢʩʘʤʝʨʦʚ  

ʪʠʧʘ çʢʨʝʩʣʦè ʠ ʪʠʧʘ çʚʘʥʥʘè (ʨʠʩ. 1.9). 

ʈʠʩ. 1.9. ʊʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

[Al(H 2O)6][Al(OH) 6Mo6O18]Ā10H2O 

(MoO6 ʛʦʣʫʙʳʤ, Al(H2O)6
3+
ʪʝʤʥʦ-

ʨʦʟʦʚʳʤ, Al(OH)6
3+
ʩʚʝʪʣʦ-ʨʦʟʦʚʳʤ, 

ʆ ʢʨʘʩʥʳʤ, ʢʨʘʩʥʳʝ 

ʣʠʥʠʠ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ) [32] 

ɺ [ʉd(NH3)6]ʅ[AlMo6O18(OH)6]Ͻ6H2O [34] ʥʘʣʠʯʠʝ ʢʠʩʣʦʛʦ ʧʨʦʪʦʥʘ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʦʣʴʢʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, 

ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʪʝʨʶ ʥʝ 3, ʘ 3,5 ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʠ 450Áʉ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʝʱʝ ʦʜʥʦʡ ʢʠʩʣʦʡ ʩʦʣʠ  

[Co(2,2ô-bipy)3]H[Al(OH) 6(Mo6O18)]Ā17H2O (2,2ô-bipy = 2,2ô-bipyridine), ʧʦʣʫʯʝʥʥʦʡ 

ʧʨʠ ʨʅ = 2,6, ʦʧʠʩʘʥʘ ʚ [35]. ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʩʫʤʤ ʚʘʣʝʥʪʥʦʩʪʝʡ ʩʚʷʟʝʡ (BVS) 

ʧʨʝʜʧʦʣʦʞʝʥʦ ʥʘʣʠʯʠʝ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʢʘʪʠʦʥʘ ʅ
+
 ʠ ʆʅ-ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʘʥʠʦʥʘ. 
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ʈʘʙʦʪʳ [36 42] ʧʦʩʚʷʱʝʥʳ ʩʠʥʪʝʟʫ ʢʘʢ ʩʨʝʜʥʠʭ:  

[Cu
II
(2,2ô-bipy)(H2O)2Cl][Cu

II
(2,2ô-bipy)(H2O)2Al(OH)6Mo6O18]Ā4H2O [36], 

[{Cu(C12N2H8)(H2O)3} 2{Al(OH) 6Mo6O18}][{Cu 2(C2O4)(C12N2H8)2}{Al(OH) 6Mo6O18}]Ā 

10H2O [37], [Cu2(phen)2(CH3COO)(CH3COOH)(H2O)2][Al(OH) 6Mo6O18]Ŀ28H2O [38], 

ʪʘʢ ʠ ʢʠʩʣʳʭ ʩʦʣʝʡ: (H3O
+
)[Cu(C6NO2H4)(phen)(H2O)]2[Al(OH) 6Mo6O18]Ā5H2O [39], 

[Cu2(phen)2(CH3COO)2(H2O)2][HAl(OH)6(Mo6O18)]Ā2,5H2O [40],  

(H3O){[Cu(2,2ô-bpy)(H2O)2]2[Cu(2,2ô-bpy)(H2O)]2}[Al(OH) 6Mo6O18]3Ā33H2O [41], 

[Na4(H2O)14Cu(PDA)2]H[Al(OH) 6Mo6O18]Ā5H2O [42], ʛʜʝ phen = 1,10-phenanthroline, 

H2PDA = pyrazine-2,3-dicarboxylicacid ʩ ʘʥʠʦʥʦʤ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ɸʥʜʝʨʩʦʥʘ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʨʦʷʚʣʷʶʪ ʬʦʪʦʣʶʤʠʥʠʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [39, 42]. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʧʦʜʢʠʩʣʝʥʥʦʤʫ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ Na2MoO4 ʠ AlCl3 

ʨʘʩʪʚʦʨʦʚ ʥʠʪʨʘʪʘ ʤʝʜʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ɺ ʩʪʨʫʢʪʫʨʘʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʘʥʠʦʥʳ [Al(OH)6Mo6O18]
3

 ʠʟʦʩʪʨʫʢʪʫʨʥʳ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʢʘʪʠʦʥʦʚ ʉu
2+

 

ʨʘʚʥʦ ʣʠʙʦ 5 ï ʠʩʢʘʞʝʥʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʧʠʨʘʤʠʜʘ [36, 38 41] (ʨʠʩ. 1.10 ʘ), ʣʠʙʦ 6 ï 

ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ [37, 42] (ʨʠʩ. 1.10 ʙ), ʘ ʪʨʝʭʤʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʫʶʪʩʷ ʟʘ 

ʩʯʝʪ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ [36 42] ʠ ˊ ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʘʪʠʦʥʦʚ ʨʘʟʥʳʭ ʩʣʦʝʚ [37]. 

 

ʘ) 

 

ʙ) 

 

ʈʠʩ. 1.10. ʌʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ: 

ʘ) (H3O
+
)[Cu(C6NO2H4)(phen)(H2O)]2[Al(OH) 6Mo6O18]Ā5H2O [39]; 

ʙ) [Na4(H2O)14Cu(PDA)2]H[Al(OH) 6Mo6O18]Ā5H2O [42] 
 

ɺ 1970 ʛ A. Perloff [3] ʫʩʪʘʥʦʚʠʣ ʩʪʨʫʢʪʫʨʫ ʢʨʘʩʥʦʚʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ 

Na3[CrMo6O24H6]Ā8H2O ʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʘʥʠʦʥ ʩʦʜʝʨʞʠʪ 24 ʘʪʦʤʘ ʆ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ 6 

ʘʪʦʤʦʚ ʅ ʜʦʣʞʥʳ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʝʛʦ ʩʦʩʪʘʚ, ʧʨʠʯʝʤ ʠʭ ʧʦʟʠʮʠʠ ʙʳʣʠ 
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ʦʧʨʝʜʝʣʝʥʥʳ ʧʦ ʜʣʠʥʘʤ ʩʚʷʟʝʡ, ʘ ʠʭ ʢʦʦʨʜʠʥʘʮʠʷ ʢ CrO6 ï ʧʦ ʩʠʤʤʝʪʨʠʠ ʘʥʠʦʥʘ. ɺ 

ʩʪʨʫʢʪʫʨʝ ʚʩʝ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʠʤʝʶʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʧʦ ʆ, ʘ ʘʥʠʦʥʳ 

ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ NaO6 (ʨʠʩ. 1.11 ʘ). ʇʨʦʢʘʣʠʚʘʥʠʝ ʧʨʠ 240Áʉ 

Na3[CrMo6O24H6]Ā8H2O ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʦʙʝʟʚʦʞʠʚʘʥʠʶ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

Na3CrMo6O21, ʢʦʪʦʨʘʷ ʧʨʠ 380Áʉ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ Na2MʦO4, Cr2O3 ʠ MoO3 [43]. 

ʈʦʟʦʚʳʝ ʢʨʠʩʪʘʣʣʳ [Na(CrMo6(OH)8O16)]Ā10H2O [44] ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʦʩʣʝ 

ʦʪʜʝʣʝʥʠʷ ʟʝʣʝʥʦʛʦ ʦʩʘʜʢʘ [Cu(pyz)2Cl2] (pyz = ʧʠʨʘʟʠʥ) ʠʟ ʨʘʩʪʚʦʨʘ ʩʠʩʪʝʤʳ 

CrCl3  Na2MoO4  CH3COOH  H2O  CuCl2  pyz. ɸʥʠʦʥʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ɸʥʜʝʨʩʦʥʘ ʚ [Na(CrMo6(OH)8O16)]Ā10H2O ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʯʝʨʝʟ NaO6 

(ʨʠʩ. 1.11 ʙ). ɸʥʠʦʥʳ ʚ Na3[CrMo6O24H6]Ā8H2O [3] ʠ [Na(CrMo6(OH)8O16)]Ā10H2O [44] 

ʠʟʦʩʪʨʫʢʪʫʨʥʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʅ ʚ ʩʦʩʪʘʚʝ ʧʦʩʣʝʜʥʝʛʦ, ʩʦʝʜʠʥʝʥʥʳʭ ʧʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [44] ʩ ʤʦʩʪʠʢʦʚʳʤ ʆ ʚ ʤʦʣʠʙʜʝʥ-ʢʠʩʣʦʨʦʜʥʦʤ ʢʘʨʢʘʩʝ. ʇʦʩʣʝʜʥʝʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʧʦʨʥʳʤ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʫʯʝʩʪʴ ʠʟʦʩʪʨʫʢʪʫʨʥʦʩʪʴ ʘʥʠʦʥʦʚ. 

ʉʢʦʨʝʝ ʚʩʝʛʦ ʨʝʯʴ ʠʜʝʪ ʦ ʜʚʫʭ ʚʥʝʰʥʝʩʬʝʨʥʳʭ ʅ
+
 ʧʦʜʦʙʥʳʭ ʦʧʠʩʘʥʥʳʤ ʚ [39-42]. 

 

ʘ) 

 

ʙ) 

 

 

ʈʠʩ. 1.11. ʍʘʨʘʢʪʝʨ ʫʧʘʢʦʚʢʠ ʚ ʩʪʨʫʢʪʫʨʘʭ: ʘ) Na3[CrMo6O24H6]Ā8H2O [3];  

ʙ) [Na(CrMo6(OH)8O16)]Ā10H2O [44] 
 

ʇʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ K3[H6CrMo6O24]ĀnH2O (pH = 1,80) ʦʙʨʘʟʫʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ ʩʦʣʠ K2[H7CrMo6O24]Ā8H2O [45], ʘʩʠʤʤʝʪʨʠʯʥʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 

ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʣʠʘʥʠʦʥʘ. ʐʝʩʪʴ 

ʘʪʦʤʦʚ ʆ ʦʢʪʘʵʜʨʘ CrO6 ʠ ʦʜʠʥ ʤʦʩʪʠʢʦʚʳʡ ʆ ʦʢʪʘʵʜʨʘ Moʆ6 ʧʨʦʪʦʥʠʨʦʚʘʥʳ. 

ʇʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ ʅ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʥʦ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʥʦʩʪʥʳʭ ʢʘʨʪ ʌʫʨʴʝ. 
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ʈʠʩ. 1.12. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʘ[46] 

[Cr(OH)6Mo6O18]
3

 (ʘ) ʠ  

Na3[Cr(OH)6Mo6O18]Ā6(CH3)2SO (ʙ) 

ɺ ʨʘʙʦʪʝ [46] ʦʧʠʩʘʥʳ ʩʠʥʪʝʟ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ: Na3[Cr(OH)6Mo6O18]Ā6(CH3)2SO, 

([Fe(C5Me5)2]3[Cr(OH)6Mo6O18]Ā20H2O ʠ 

Na[Fe(C5H5)2]2[Cr(OH)6Mo6O18]Ā3H2O. ɺ 

Na3[Cr(OH)6Mo6O18]Ā6(CH3)2SO ʚʘʣʝʥʪʥʳʝ 

ʫʛʣʳ ʠ ʜʣʠʥ r ʩʚʷʟʝʡ ʣʝʞʘʪ ʚ ʪʝʭ ʞʝ 

ʜʠʘʧʘʟʦʥʘʭ, ʯʪʦ ʠ ʚ Na3[CrMo6O24H6]Ā8H2O [3], 

ʘ ʫʧʘʢʦʚʢʘ ʠ ʦʢʨʫʞʝʥʠʝ Na
+
 ʦʪʣʠʯʘʶʪʩʷ. ɺ 

Na3[Cr(OH)6Mo6O18]Ā6(CH3)2SO ʘʥʠʦʥ 

ʚʳʩʪʫʧʘʝʪ ʙʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ ʜʣʷ Na
+
 

(ʨʠʩ. 1.12), ʘ ʥʝ ʪʝʪʨʘʜʝʥʪʘʪʥʳʤ ʢʘʢ ʚ ʩʣʫʯʘʝ 

Na3[CrMo6O24H6]Ā8H2O [3].  

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ  

ʩʦʩʝʜʥʠʤʠ ʩʧʠʥʦʚʳʤʠ ʥʦʩʠʪʝʣʷʤʠ, ʠʤʝʶʪʩʷ ʩʣʘʙʳʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫ ([Fe(C5Me5)2]3[Cr(OH)6Mo6O18]Ā20H2O ʠ 

Na[Fe(C5H5)2]2[Cr(OH)6Mo6O18]Ā3H2O [46] ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠʯʝʤ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝ ʧʦʥʠʞʘʶʪʩʷ ʧʨʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ 

([Fe(C5Me5)2]3[Cr(OH)6Mo6O18]Ā20H2O. 

ɼʣʷ ʩʠʥʪʝʟʘ ʧʨʠ ʢʦʥʝʯʥʦʤ ʨʅ = 4,0 ʛʦʤʦʭʠʨʘʣʴʥʳʭ ʩʧʠʨʘʣʝʚʠʜʥʳʭ L- ʠ D-

ʠʟʦʤʝʨʦʚ (C4NH7O4)[Na2(C4H8N2O3)2(H2O)9Zn]2[CrMo6H6O24]2Ā7H2O ʠʩʧʦʣʴʟʦʚʘʣʠ  

 

ʈʠʩ. 1.13. ʉʪʨʫʢʪʫʨʘ ʵʥʘʥʪʠʦʤʝʨʦʚ [47]  

ʘʮʝʪʘʪ ʮʠʥʢʘ, Na3[CrMo6O24H6]Ā8H2O, ʘ ʚ 

ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʢʘʪʠʦʥʦʚ L- ʠʣʠ D-

ʘʩʧʘʨʛʠʥ, ʚʳʩʪʫʧʘʶʱʠʝ ʠʩʪʦʯʥʠʢʦʤ 

ʭʠʨʘʣʴʥʦʩʪʠ [47]. ɸʩʧʘʨʛʠʥ ʚʳʩʪʫʧʘʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʪʨʠʜʝʥʪʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ʜʣʷ ʜʚʫʭ 

Zn
2+

 ʠ ʦʜʥʦʛʦ Na
+
, ʘ Zn

2+
 ʠ ʜʚʘ Na

+
 

ʦʙʨʘʟʫʶʪ ʢʦʣʴʮʝʦʙʨʘʟʥʳʡ ʪʨʝʭʷʜʝʨʥʳʡ 

ʬʨʘʛʤʝʥʪ ʚ ʩʪʨʫʢʪʫʨʝ (ʨʠʩ. 1.13). 
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ʈʠʩ. 1.14. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʘ ʠ 

ʢʦʦʨʜʠʥʘʮʠʷ Ag
+
 ʚ 

[(H2O)4Ag3][Cr(OH)6Mo6O18]Ā3H2O [47] 

ʌʠʦʣʝʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ 

[(H2O)4Ag3][Cr(OH)6Mo6O18]Ā3H2O [48] 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠʟ ʨʘʩʪʚʦʨʘ ʩʠʩʪʝʤʳ 

AgNO3  C4H7NO4  Na3[CrMo6O24H6], ʘ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʠʭ ʢʠʩʣʦʪ, 

ʥʘʧʨʠʤʝʨ, ʛʣʠʮʠʥʘ ʠʣʠ ʧʨʦʣʠʥʘ, 

ʦʙʨʘʟʫʝʪʩʷ Na3[CrMo6O24H6]ĀnH2O. ɺ 

[(H2O)4Ag3][Cr(OH)6Mo6O18]Ā3H2O ʜʚʘ 

ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ ʠʦʥʦʚ Ag
+
: ʣʠʙʦ ʦʥ 

ʦʢʨʫʞʝʥ ʯʝʪʳʨʴʤʷ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʆ 

ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʦʚ, ʦʜʥʠʤ ʤʦʩʪʠʢʦʚʳʤ 

ʆ ʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ H2O, ʣʠʙʦ ʜʚʫʤʷ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʆ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʦʚ, ʦʜʥʠʤ ʤʦʩʪʠʢʦʚʳʤ ʆ ʠ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ 

H2O (ʨʠʩ. 1.14). ɺʭʦʞʜʝʥʠʝ ʤʦʩʪʠʢʦʚʳʭ ʆ ʧʦʣʠʘʥʠʦʥʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ 

ʢʘʪʠʦʥʘ ʚʧʝʨʚʳʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʘʥʠʦʥʦʤ ɸʥʜʝʨʩʦʥʘ. 

ɼʣʷ ʩʠʥʪʝʟʘ [(CH3)3CNH3]3[Cr(OH)6Mo6O18]Ā8H2O ʠʩʧʦʣʴʟʦʚʘʣʠ Cr(NO3)3 

[(CH3)3CNH3]4[Mo8O26] ʠ HNO3, ʘ ʜʣʷ ʩʠʥʪʝʟʘ [(CH3)3CNH3]2H[Cr(OH)6Mo6O18]Ā2H2O 

 Cr(NO3)3 [(CH3)3CNH3]4[Mo8O26] ʠ HCl (ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʅ = 5) [5]. ɼʣʠʥʳ ʩʚʷʟʝʡ 

ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ ʚ ʘʥʠʦʥʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʘʥʠʦʥʦʚ 13,65 ¡, ʘ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʯʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ, ʪʝʤ 

ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩʦʜʝʨʞʠʪ ʩʦʝʜʠʥʝʥʠʝ. 

ʇʦʧʳʪʢʘ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʙʳ ʤʘʛʥʠʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʩʧʠʥʘʤʠ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʝ d-ʵʣʝʢʪʨʦʥʳ, ʯʝʨʝʟ ʤʦʙʠʣʴʥʳʝ -́ʵʣʝʢʪʨʦʥʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʥʝ 

ʫʜʘʣʘʩʴ, ʪʘʢ ʢʘʢ ʚ (BEDT-TTF)4[Cr(OH)6Mo6O18] 2H2O (BEDT-

TTF = bis(ethylenedithio)tetrathiafulvalene) [49] ʦʮʝʥʦʯʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʉʪʨʫʢʪʫʨʘ Na3[ZrEDTA(H2O)2]2[Cr(OH)6Mo6O18]Ā10H2O (EDTA = 1,2-

diaminoethanetetraacetate), ʧʦʣʫʯʝʥʥʦʡ ʠʟ Na3[CrMo6O24H6]Ā8H2O, ZrOCl2 ʠ ʕɼʊɸ 

ʧʨʠ ʨʅ = 2,8 [50], ʩʦʩʪʦʠʪ ʠʟ [Cr(OH)6Mo6O18]
3
, ʬʨʘʛʤʝʥʪʦʚ [ZrEDTA(H2O)2] ʠ 
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ʪʨʝʭʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ Na; ʘʪʦʤʳ Zr ʚʦʩʴʤʠʢʦʦʨʜʠʨʦʚʘʥʳ, ʘʪʦʤ Na1 ʦʢʨʫʞʝʥ  

ʯʝʪʳʨʴʤʷ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʆ ʛʝʪʝʨʦʧʦʣʠʘʥʠʦʥʦʚ, ʘ ʘʪʦʤ rNa2   ʮʝʥʪʨʘʣʴʥʳʤ ʠ 

ʪʝʨʤʠʥʘʣʴʥʳʤ ʆ ʘʥʠʦʥʘ ʠ ʆ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʕɼʊɸ (ʨʠʩ. 1.15 ʘ).  

 

ʘ) 

 

ʙ) 

 

ʈʠʩ. 1.15. ʉʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ (ʘ) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ Na3[ZrEDTA(H2O)2]2[Cr(OH)6Mo6O18]Ā10H2O [50] 

 

ʅʘʪʨʠʝʚʳʡ ʢʣʘʩʪʝʨ ʠ ʜʚʘ ʮʠʨʢʦʥʠʝʚʳʭ ʬʨʘʛʤʝʥʪʘ ʦʙʨʘʟʫʶʪ 

{Na3[ZrEDTA(H2O)2]2}
3+
, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʝʥ ʩ ʯʝʪʳʨʴʤʷ [Cr(OH)6Mo6O18]

3
, ʦʙʨʘʟʫʷ 

ʜʚʫʭʤʝʨʥʳʝ ʩʣʦʠ (ʨʠʩ. 1.15 ʙ). 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʩʠʩʪʝʤʝ Cr
3+

  MoO4
2

  CH3COOH  H2O ʨʘʩʪʚʦʨʘ ʄʉl2 

(ʄ = Co, Ni, Zn) ʠ ʧʠʨʘʟʠʥʘ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʄ
2+

 : pyz = 1:3 ʩʧʫʩʪʷ 4  5 ʥʝʜʝʣʴ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ (Hpyz)[{ʄ(pyz)2(H2O)2}{CrMo 6(OH)6O18}]Ā2H2O 

(ʄ = Co, Ni, Zn; pyz = pyrazine), ʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦ 1:1,5 (ʄ = Ni) 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩʦʣʴ [{Ni(pyz)(H2O)4} 2{CrMo6(OH)6O18}](CH3COO)2Ā6H2O, ʚ 

ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʡ ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʯʝʨʝʜʫʷʩʴ ʩ ʧʦʣʠʘʥʠʦʥʘʤʠ ʦʙʨʘʟʫʶʪ 

ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʦʯʢʠ (ʨʠʩ. 1.16) [44]. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʣʝʡ ʧʨʦʷʚʣʷʶʪʩʷ ʦʯʝʥʴ 

ʩʣʘʙʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʣʠ ʢʦʙʘʣʴʪʘ. 

ʉʣʘʙʳʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2  300 ʂ, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ {[(ala)2Cu]2[Cr(OH)6Mo6O18]}{[(H 2O)2Na]2[Cr(OH)6Mo6O18]}Ā23,5H2O 

(ala = alanine) [51], ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʜʦʙʘʚʣʝʥʠʝʤ CuCl2 ʠ ʘʣʘʥʠʥʘ ʢ ʨʘʩʪʚʦʨʫ 
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[Cr(OH)6Mo6O18]
3ï
. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʢʘʪʠʦʥʳ {[(ala)2Cu]2[Cr(OH)6Mo6O18]}

+
 

ʦʙʨʘʟʫʶʪ ʩʣʦʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʘʥʠʦʥʘʤʠ {[(H2O)2Na]2[Cr(OH)6Mo6O18]} . 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 1.16. ʇʦʣʠʵʜʨʠʯʝʩʢʦʝ ʠ ʰʘʨʦʩʪʝʨʞʥʝʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ 

(Hpyz)[{ʄ(pyz)2(H2O)2}{CrMo 6(OH)6O18}]Ā2H2O (ʄ = Co, Ni, Zn; pyz = pyrazine) ʠ 

[{Ni(pyz)(H 2O)4} 2{CrMo6(OH)6O18}](CH 3COO)2Ā6H2O [44] 

 

ʉʦʣʠ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʨʘʟʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ {[Cu(2,2ô-

bpy)(H2O)3]2[Cr(OH)6Mo6O18]}{[Cu(2,2ô-bpy)(H2O)Cl][Cu(2,2ô-bpy)-

(H2O)(NO3)][Cr(OH)6Mo6O18]}Ā18H2O (1), [Cu(2,2ô-bpy)(H2O)2Cl]{[Cu(2,2ô-

bpy)(H2O)2][Cr(OH)6Mo6O18]}Ā4H2O (2), (H3O){[Cu(2,2ô-bpy)(H2O)2]2[Cu(2,2ô-

bpy)(H2O)]2}[Cr(OH)6Mo6O18]3Ā36H2O (3) [44] ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʦ ʠʟ ʩʦʣʝʡ Cr
3+

, Cu
2+

 ʩ ʨʘʟʥʳʤʠ ʢʠʩʣʦʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. ʉʭʝʤʘ ʩʠʥʪʝʟʘ: 

 

ʆʨʝʰʢʠʥʘ ɸ.ɺ. ʩ ʩʦʘʚʪ. ʚ [52] ʧʦʣʫʯʠʣʠ (NH4)4[MgMo6O18(OH)6]Ā5H2O ʠʟ 

ʨʘʩʪʚʦʨʘ ʘʮʝʪʘʪʘ ʤʘʛʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʘʨʘʤʦʣʠʙʜʘʪʘ ʘʤʤʦʥʠʷ, 

ʧʦʜʢʠʩʣʝʥʥʦʛʦ HNO3 ʜʦ ʨʅ = 3. ʀʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʘ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ, ʧʨʠʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʩʣʝʜʥʝʛʦ 

ʚʳʛʣʷʜʠʪ ʥʝʫʙʝʜʠʪʝʣʴʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʛʠʜʨʘʪʘʮʠʠ ʧʨʠ 375 Áʉ ʦʙʨʘʟʫʶʪʩʷ MgO ʠ 

MoO3. ɼʨʫʛʠʝ ʩʦʣʠ ʩ ʘʥʠʦʥʦʤ [MgMo6O18(OH)6]
4
Āʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʠʩʘʥʳ. 
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ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʛʦʨʷʯʝʤʫ ʨʘʩʪʚʦʨʫ ʤʝʪʘʚʘʥʘʜʘʪʘ ʘʤʤʦʥʠʷ 

ʧʦʜʢʠʩʣʝʥʥʦʛʦ HNO3 ʜʦ ʨʅ = 3 ʨʘʩʪʚʦʨʘ ʧʘʨʘʤʦʣʠʙʜʘʪʘ ʘʤʤʦʥʠʷ ʩ ʠʟʙʳʪʢʦʤ 

ʱʘʚʝʣʝʚʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʝʪʩʷ (NH4)3[V(C2O4)Mo6O18(OH)6]ẗ3H2O [53], ʘ ʥʝ 

ʩʤʝʰʘʥʥʳʝ ʠʟʦʧʦʣʠʤʦʣʠʙʜʦʚʘʥʘʜʘʪ,r ʦ ʩʠʥʪʝʟʝ ʢʦʪʦʨʳʭ ʚ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʦʦʙʱʘʝʪʩʷ ʚ [54]. ʋʩʪʘʥʦʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʧʨʦʜʫʢʪʳ 

ʨʘʟʣʦʞʝʥʠʷ  ʧʨʠ 265 Áʉ ʦʙʨʘʟʫʶʪʩʷ ʦʢʩʠʜʳ ʚʘʥʘʜʠʷ (V) ʠ ʤʦʣʠʙʜʝʥʘ (VI). 

 

ʈʠʩ. 1.17. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʘ 

[MnMo6O18{(OCH2)3CNO2} 2]
3

 [55] 

ɺ 2002 ʛʦʜʫ ʛʨʫʧʧʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

P. Gouzerh ʚʧʝʨʚʳʝ ʩʦʦʙʱʠʣʘ, ʯʪʦ ʜʚʘ 

(HOCH2)3CNH2 (TRIS) ʤʦʛʫʪ ʩʠʤʤʝʪʨʠʯʥʦ 

ʟʘʤʝʱʘʪʴ ʰʝʩʪʴ ʆʅ-ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʘʥʠʦʥʘ 

ɸʥʜʝʨʩʦʥʘ, (ʨʠʩ. 1.17) [55]. ʉʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʘʥʠʦʥʘʤʠ MMo6O18{(OCH2)3CR}2]
3

 (M = Mn
III

, 

Fe
III
) ʠ [H2MMo6O18{(OCH2)3CR}2]

2
 (M = Zn

II
, 

Ni
II
), (R = CH3, NO2, CH2OH) ʧʨʦʚʦʜʠʣʠ ʠʟ 

ʨʘʩʪʚʦʨʘ [N(C4H9)4]4[Ŭ-Mo8O26] ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

ʘʮʝʪʘʪʦʚ ʠʣʠ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʦʚ ʤʝʪʘʣʣʦʚ ʠ RC(CH2OH)3 (R = CH3, NO2, CH2OH), ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʚ ɼʄʌɸ. ɼʚʝ ʤʦʣʝʢʫʣʳ (HOCH2)3CNH2 ʚ 

[N(C4H9)4]3[MnMo6O18{(OCH2)3CNO2} 2] ʟʘʤʝʱʘʶʪ 6 ʛʨʫʧʧ ʆʅ ʛʝʪʝʨʦʠʦʥʘ, ʠ 

ʥʘʭʦʜʷʪʩʷ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʦʪ ʘʥʠʦʥʘ (ʨʠʩ. 1.17), ʧʦʵʪʦʤʫ  MnO6 ʥʝʤʥʦʛʦ ʩʧʣʶʱʝʥ. 

ʘ) 

 

ʄʦʜʠʬʠʢʘʮʠʷ (HOCH2)3CNH2 

ʧʠʨʝʥʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦ ʩʭʝʤʝ ʩʠʥʪʝʟʘ, 

ʦʧʠʩʘʥʥʦʡ ʚ [55], ʩʦʝʜʠʥʝʥʠʷ 

[N(C4H9)4]3[MnMo6O18{(OCH2)3

CNHCH2C16H9} 2]Ŀ2DMFĿ3H2O 

[56], ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʦʛʦ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʥʦʨʘʟʤʝʨʥʳʝ 

ʢʘʥʘʣʳ, ʩʧʦʩʦʙʥʳʝ ʧʦʛʣʦʱʘʪʴ 

ʜʦ 12 % ʧʦ ʤʘʩʩʝ ʭʣʦʨʙʝʥʟʦʣʘ.  

ʙ) 

 
ʈʠʩ. 1.18. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʬʝʨ ʠʟ 

[MnMo6O18{(OCH2)3 CNHCO (CH2)14CH3} 2] (ʘ) ʠ 

ʇʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʵʪʠʭ ʩʬʝʨ (ʙ) [57] 
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ɺ [MnMo6O18{(OCH2)3CNH CH2 C16H9} 2]
3

 ʰʝʩʪʴ ʆ ʜʚʫʭ ʤʦʣʝʢʫʣ ʪʨʠʩ(ʧʠʨʝʥʘ) 

ʦʢʨʫʞʘʶʪ ʮʝʥʪʨʘʣʴʥʳʡ Mn
3+
. ɹʣʘʛʦʜʘʨʷ ʞʝʩʪʢʦ ʧʣʘʥʘʨʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʠ ʛʠʜʨʦʬʦʙʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʘʤʬʠʬʠʣʴʥʳʝ 

ʘʥʠʦʥʳ [MnMo6O18{(OCH2)3 CNHCO (CH2)14CH3} 2]
3

 ʩʢʣʦʥʥʳ ʢ ʤʝʜʣʝʥʥʦʡ 

ʩʘʤʦʩʙʦʨʢʝ ʤʝʤʙʨʘʥʦʧʦʜʦʙʥʳʭ ʩʬʝʨ ʚ ʨʘʩʪʚʦʨʘʭ MeCN  H2O (ʨʠʩ. 1.18) [57], 

ʧʨʠʯʝʤ ʨʘʜʠʫʩ ʪʘʢʠʭ ʤʠʮʝʣʷʨʥʳʭ ʩʬʝʨ ʜʦʩʪʠʛʘʝʪ 115 ʥʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ C4H6O3H3NH2 ʠ C4H6O3H3 NO2 ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ ʜʣʷ Mn
3+

 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ [MnMo6O18(C4H6O3NO2)(C4H6O3NH2)]
3

 

(ʨʠʩ. 1.19 ʘ) [58], ʩʦʜʝʨʞʘʱʠʭ ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ NH2 ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʥʝʨʪʥʫʶ Nʆ2. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʊɺɸ3[MnMo6O18(C4H6O3NO2)(C4H6O3NH2)] ʩ 

4 ʧʠʨʠʜʠʣʢʘʨʙʦʢʩʠʣʘʣʴʜʝʛʠʜʦʤ ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʘʥʠʦʥʦʤ 

(TBA)3[MnMo6O18{(OCH2)3CN=CH(C5H4N)}(C4H6O3NO2)] (ʨʠʩ. 1.19 ʙ).  

ʘ) 

 

 

ʙ) 

 

ʈʠʩ. 1.19. ʉʪʨʫʢʪʫʨʘ ʠ ESI-MS ʩʧʝʢʪʨ ʘʥʠʦʥʦʚ 

[MnMo6O18(C4H6O3NO2)(C4H6O3NH2)]
3

 (ʘ) ʠ 

[MnMo6O18{(OCH2)3CNCH(C5H4N)}(C4H6O3NO2)] (ʙ) [58] 

 

ʉʧʝʢʪʨʦʩʢʦʧʠʝʡ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʷ ʠ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʠʥʘ ʨʘʜʠʢʘʣʘ ʚ 

ʘʥʠʦʥʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣ ̫ʠ ʧʨʦʪʠʚʦʠʦʥʳ ʚʣʠʷʶʪ ʥʘ ʨʘʟʤʝʨ ʠ 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʬʠʬʠʣʴʥʳʭ ʩʬʝʨ [59].  

ʂʦʤʧʣʝʢʩʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

TRIS  Mn
ɯɯɯ

  ɸʥʜʝʨʩʦʥ ʘʥʠʦʥʦʚ ʠʟ Na2MoO4Ŀ2H2O ʯʝʨʝʟ Ŭ  ʠ ɓ ʠʟʦʤʝʨʳ [Mo8O26]
4

 












































































































































































































































































































































































