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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʦʢʨʘʱʝʥʠʡ

pivH ʇʠʚʘʣʠʥʦʚʘʷ 

(ʪʨʠʤʝʪʠʣʫʢʩʫʩʥʘʷ) ʢʠʩʣʦʪʘ

ʈʉɸ ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡʘʥʘʣʠʟ

bzoH 3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʙʝʥʟʦʡʥʘʷ 

ʢʠʩʣʦʪʘ

ʊɻɸ ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ

hbzoH 3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-

ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ

ʕʇʈ ʕʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ 

ʨʝʟʦʥʘʥʩ

benzH ɹʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘʂʏ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ

4-phbzH 4-ʬʝʥʠʣʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘʌʃ ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ

furH 2-ʌʫʨʘʥʦʚʘʷ ʢʠʩʣʦʪʘbpy 2,2ǋ-ʙʠʧʠʨʠʜʠʣ

py ʧʠʨʠʜʠʥ batho ɹʘʪʦʬʝʥʘʥʪʨʦʣʠʥ;

4,7-ɼʠʬʝʥʠʣ-1,10- ʬʝʥʘʥʪʨʦʣʠʥ

phen 1,10-ʬʝʥʘʥʪʨʦʣʠʥ bathocup ɹʘʪʦʢʫʧʨʦʠʥ;

2,9-ʜʠʤʝʪʠʣ-4,7-ʜʠʬʝʥʠʣ-1,10-

ʬʝʥʘʥʪʨʦʣʠʥ

neocup ʅʝʦʢʫʧʨʦʠʥ;

2,9-ʜʠʤʝʪʠʣ-1,10-

ʬʝʥʘʥʪʨʦʣʠʥ

pyz ʧʠʨʘʟʠʥ

terpy 2,2ǋ:6ǋ,2ǋǋ-ʊʝʨʧʠʨʠʜʠʥ

lut 2,3-ʣʫʪʠʜʠʥ HOAc ʋʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ

HOTf ʊʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ (ʝʝ ʘʥʠʦʥ -ʪʨʠʬʣʘʪ)

naphacH 1-ʥʘʬʪʠʣʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ

1-naphH 1-ʥʘʬʪʦʡʥʘʷ ʢʠʩʣʦʪʘ4,4ǋ-dtb-

2,2ǋ-bpy

4,4ǋ-ʜʠʪʨʝʪʙʫʪʠʣ-2,2ǋ-

ʙʠʧʠʨʠʜʠʣ

2-naphH 2-ʥʘʬʪʦʡʥʘʷ ʢʠʩʣʦʪʘ4,4ǋ-

diMe-

2,2ǋ-bpy

4,4ǋ-ʜʠʤʝʪʠʣ-2,2ǋ-ʙʠʧʠʨʠʜʠʣ
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ɺʚʝʜʝʥʠʝ

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ d-4f ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʟʘʜʘʥʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ/ʠʣʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. d-4f

ʂʦʤʧʣʝʢʩʳ ʩ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʠʦʥʘʤʠ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʤʘʛʥʠʪʥʳʝ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʨʝʘʣʠʟʘʮʠʝʡ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʝʨʝʭʦʜʦʤ ʚ 

ʤʘʛʥʠʪʥʦʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʦʷʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʢʘʣʦʨʠʡʥʦʛʦ ʵʬʬʝʢʪʘ. ʀʦʥʳ d-

ʤʝʪʘʣʣʘ ʚ ʩʦʩʪʘʚʝ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʥʘʩʪʨʦʡʢʝ ʛʝʦʤʝʪʨʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ ʠ ʪʘʢʞʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʘʤʘʛʥʠʪʥʦʛʦ çʨʘʟʙʘʚʠʪʝʣʷè, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʤʠʥʠʤʠʟʘʮʠʠ ʤʝʞʠʦʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʦʩʦʙʦ ʚʘʞʥʦ ʜʣʷ ʤʦʥʦʠʦʥʥʳʭ ʤʘʛʥʠʪʦʚ. d-

ʄʝʪʘʣʣʳ ʚ ʦʢʨʫʞʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʬʦʨʤʠʨʫʶʪ d-ʙʣʦʢ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʪʝʥʥʫ, ʩʧʦʩʦʙʥʫʶ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʝʨʝʥʦʩʝ ʧʦʛʣʦʱʝʥʥʦʡ ʵʥʝʨʛʠʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠʦʥʘʤ ʣʘʥʪʘʥʦʠʜʦʚ ʚʩʣʝʜʩʪʚʠʝ ʨʷʜʘ ʚʥʫʪʨʠʩʠʩʪʝʤʥʳʭ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ 

ʧʝʨʝʭʦʜʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʩʠʣʝʥʠʶ ʵʤʠʩʩʠʠ 4f-ʤʝʪʘʣʣʘ. ʄʦʣʝʢʫʣʷʨʥʳʝ d-4f

ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʨʢʘʩʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ.

ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ ʠʦʥʳ (RCO2
-; R = ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʠʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʠ) 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ ʩʙʦʨʢʠ 

ʤʦʥʦ- ʠ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩ ʠʦʥʘʤʠ d- ʠʣʠ f-ʤʝʪʘʣʣʦʚ, ʪʘʢ 

ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʩʦʜʝʨʞʘʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʦʥʳ d- ʠ f-ʤʝʪʘʣʣʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʜʦʥʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴ ʜʦ ʧʷʪʠ 

ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʠʷʜʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ (ʤʦʥʦʜʝʥʪʘʪʥʘʷ ʠʣʠ ʭʝʣʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʩʪʠʢʘ ʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ), ʢʘʢ ʚ ʧʨʠʩʫʪʩʪʚʠʝ, ʪʘʢ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʥʦʨʥʳʭ ʤʦʣʝʢʫʣ, ʧʦʟʚʦʣʠʣʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʳʜʝʣʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʦ-ʠ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʤʠ, ʤʘʛʥʠʪʥʳʤʠ ʠ/ʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ d-4f ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ,ʧʨʦʷʚʣʷʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʤʠ 

ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʠʨʦʜʳ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʣʠʛʘʥʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 
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ʎʝʣʴ ʨʘʙʦʪʳ:ʈʘʟʨʘʙʦʪʢʘʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫ ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Cu(II), 

Zn(II)), Cd(II) ʠ 4f-ʤʝʪʘʣʣʦʚ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ (ʘʥʠʦʥʘʤʠ ʧʠʚʘʣʠʥʦʚʦʡ, 2-ʥʘʬʪʦʡʥʦʡ, 3,5-

ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʙʝʥʟʦʡʥʦʡʠ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡʢʠʩʣʦʪ) ʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ d-4f ʩʦʝʜʠʥʝʥʠʡ, ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʩʪʨʦʝʥʠʷ, 

ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʠ ʚʳʷʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ 

çʩʪʨʫʢʪʫʨʘ-ʩʚʦʡʩʪʚʦè.

ɿʘʜʘʯʠ ʨʘʙʦʪʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʠ↑ʮʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:

1. ʉʠʥʪʝʟ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Zn(II) ʠ Cd(III) ʩ 2,2-ʙʠʧʠʨʠʜʠʣʦʤ, ʩ 2,2ǋ:6ǋ,2ǋǋ-

ʪʝʨʧʠʨʠʜʠʥʦʤ, c 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʝʛʦ ʤʝʪʠʣ- ʠ ʬʝʥʠʣ-ʟʘʤʝʱʝʥʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ, ʠ ʘʥʠʦʥʘʤʠ ʧʠʚʘʣʠʥʦʚʦʡ ʠ 3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪ. 

ʀʟʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭʩʦʝʜʠʥʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ Zn(II)-Ln(III) ʠ Cd(II)-Ln(III ) 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ(Ln = Eu, Gd, Tb). 

2. ʉʠʥʪʝʟ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ Ln(III) ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ Zn(II)-Ln(III) ʢʦʤʧʣʝʢʩʦʚ 

ʩ ʘʥʠʦʥʘʤʠ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ(Ln = Sm, Eu, Gd, Tb, Dy, Ho). ʀʟʫʯʝʥʠʝ 

ʤʘʛʥʠʪʥʳʭ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ.

3. ʉʠʥʪʝʟ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ Cu(II)-Ln(III) ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʠʦʥʘʤʠ 

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʧʠʚʘʣʠʥʦʚʦʡ, ʙʝʥʟʦʡʥʦʡ, 2-ʥʘʬʪʦʡʥʦʡ, 2-ʬʫʨʘʥʢʘʨʙʦʥʦʚʦʡ ʠ 1-

ʥʘʬʪʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪ; Ln = Eu, Gd, Tb, Dy). ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʘʛʥʝʪʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Zn, Cd, Cu ʠ Ln, ʧʦʣʫʯʝʥʥʳʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ ʧʦ ʦʨʠʛʠʥʘʣʴʥʳʤ 

ʤʝʪʦʜʠʢʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʦ 51 ʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʦʝʥʠʷ ʠ ʬʘʟʦʚʦʡ ʯʠʩʪʦʪʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʠ ʚ 

ʨʘʩʪʚʦʨʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʀʂ-ʅʇɺʆ ʠ ʋʌ-

ʚʠʜʠʤʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʵʣʝʤʝʥʪʥʳʡ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ, 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟʳ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʄʦʣʝʢʫʣʷʨʥʦʝ 

ʩʪʨʦʝʥʠʝ 33 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʈʉɸ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʥʦʚʳʝ  ʤʦʥʦ- ʠ ʙʠʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Zn ʠ Cd ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʠʛʘʥʜʘ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʝʪʘʣʣʘ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʠʭ ʩʪʨʦʝʥʠʝ, 

ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʠʦʥʘʤʠ ʣʘʥʪʘʥʠʜʦʚ. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ Cd(II)-Ln(III) ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ(Ln = Eu, Gd, Tb) ʠʟ ʧʠʚʘʣʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ 1D-ʧʦʣʠʤʝʨʳ [Ln(4-phbz)3]n (Ln = Sm, Eu, Gd, Tb, Dy, Ho) 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ (ʜʦ 350 oʉ), ʚ ʢʦʤʧʣʝʢʩʝ ʛʘʜʦʣʠʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʩʣʘʙʳʝ 

ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ, ʢʦʤʧʣʝʢʩ ʜʠʩʧʨʦʟʠʷ ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʝʤʝʡʩʪʚʫ ʤʘʛʥʝʪʠʢʦʚ (Ueff = 5 K), ʘ ʢʦʤʧʣʝʢʩ [Tb(4-phbz)3]n ʧʨʦʷʚʣʷʝʪ ʤʝʪʘʣʣ 

ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʵʤʠʩʩʠʶ ʩ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ 24%. 

ɿʘʤʝʱʝʥʠʝ ʧʠʚʘʣʘʪʥʳʭ ʛʨʫʧʧ ʠ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

[Zn2Ln(NO3)(Õ-piv)6(MeCN)2] ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʩʦʝʜʠʥʝʥʠʷ ʥʦʚʦʛʦ ʩʦʩʪʘʚʘ [Zn2Ln(4-

phbz)6(NO3)(L)2]Ŀsolvx (Ln = Eu, Gd, Tb; L= py, lut, bpy; solv = MeCN, H2O). ɺʳʷʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪ ʩʪʨʦʝʥʠʷ d-ʙʣʦʢʘ {Zn(4-phbz)3L} (L= py, lut, bpy).

ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʢ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ Cu(II)-Ln(III) ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʧʦʣʠʷʜʝʨʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠ ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ(Ln = 

Eu, Gd, Tb, Dy). ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʠʩʭʦʜʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ ʠ ʚʳʙʦʨʘ ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ:

1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʛʦʤʦ-ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Zn(II), Cu(II), 

Cd(II) ʠ Ln(III ) cʘʥʠʦʥʘʤʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ.

2. ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʚ.

3. ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʚʳʧʦʣʥʝʥ ʚʝʩʴ ʦʙʲʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʥʪʝʟʦʤ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʦʣʫʯʝʥʠʝʤ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʈʉɸ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ʀʂ, 

ʋʌ ʠ ʚʠʜʠʤʘʷ ʦʙʣʘʩʪʠ), ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʯʠʩʪʦʪʳ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʛʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʘʥʘʣʠʟ.
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ.ʆʪʜʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ XXVI 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʏʫʛʘʝʚʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʛ. ʂʘʟʘʥʴ, 2014 ʛ.); 

X ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʛ. 

ʊʫʘʧʩʝ, 2014 ʛ.); International conferenceñOrganometallic and Coordination Chemistry: 

Fundamentaland Applied Aspectsò (VI Razuvaev Lectures): (ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2015); 

ʐʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳè (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 2015); IV ʂʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʦʙʱʝʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʛ. ʄʦʩʢʚʘ, 2016).

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ʀʆʅʍ ʈɸʅ (ʪʝʤʘ ˉ 44.1) ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ 13-03-12430, 14-03-01116, 14-03-31292), ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʧʨʠ 

ʇʨʝʟʠʜʝʥʪʝ ʈʌ (ʛʨʘʥʪʳ ʄʂ-5522.2014.3, ʅʐ-2357.2012.3, ʅʐ-4473.2014.3) ʠ ʧʨʦʛʨʘʤʤ 

ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ.

ʇʫʙʣʠʢʘʮʠʠ.ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ 3 ʩʪʘʪʴʷʭ 

(ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʢ ʦʧʫʙʣʠʢʦʚʘʥʠʶ ɺɸʂ) ʠ ʪʝʟʠʩʘʭ 6 ʜʦʢʣʘʜʦʚ ʥʘ ʈʦʩʩʠʡʩʢʠʭ ʠ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ.

ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ d-4f ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʦʷʚʣʷʪʴ ʫʥʠʢʘʣʴʥʳʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʠ/ʠʣʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʫʯʘʩʪʠʠ ʠʦʥʦʚ d- ʠ 4f-ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʥʦʚʳʝ ʪʠʧʳ ʧʦʣʠʷʜʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʨʦʜʘ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ ʠ ʠʭ ʦʢʨʫʞʝʥʠʝ ʧʦʟʚʦʣʷʶʪ 

ʥʘʧʨʘʚʣʝʥʥʦ ʧʦʣʫʯʘʪʴ ʪʨʝʙʫʝʤʳʝ ʩʦʯʝʪʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʣʷ d-4f

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʠʦʥʘʤʠ d-ʤʝʪʘʣʣʦʚ ʤʝʞʜʫ 

ʛʝʪʝʨʦʤʝʪʘʣʣʘʤʠ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʪʦ 

ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʘʛʥʠʪʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʝʨʝʭʦʜ ʚ ʤʘʛʥʠʪʥʦʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʤʘʛʥʠʪʥʦʢʘʣʦʨʠʡʥʳʡ 

ʵʬʬʝʢʪ. ɺ ʩʣʫʯʘʝ d-4f ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʠʘʤʘʛʥʠʪʥʳʤʠ d-ʤʝʪʘʣʣʘʤʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʢʘʢ 

ʤʘʛʥʠʪʥʳʝ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʠʦʥʘ 4f-ʤʝʪʘʣʣʘ 

(ʤʦʥʦʠʦʥʥʳʝ ʤʘʛʥʠʪʳ, singleion magnet(SIM)), ʪʘʢ ʠ ʵʤʠʩʩʠʶ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʠʦʥʳ d-ʤʝʪʘʣʣʘ ʫʯʘʩʪʚʫʶʪ ʚ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʝ ʛʝʦʤʝʪʨʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ ʠ ʪʘʢ ʞʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʠʘʤʘʛʥʠʪʥʦʛʦ 

çʨʘʟʙʘʚʠʪʝʣʷè, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʤʠʥʠʤʠʟʘʮʠʠ ʤʝʞʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʯʪʦ ʦʩʦʙʦ ʚʘʞʥʦ ʜʣʷ SIM, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ 
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ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʚʝʜʝʥʠʝʤ ʦʜʥʦʛʦ ʠʦʥʘ ʤʝʪʘʣʣʘ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʦʥʳ d-

ʤʝʪʘʣʣʦʚ ʚ ʩʦʩʪʘʚʝ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʬʦʨʤʠʨʫʶʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ d-ʙʣʦʢ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʪʝʥʥʫ ʜʣʷ ʧʝʨʝʥʦʩʘ ʧʦʛʣʦʱʝʥʥʦʡ 

ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʠʦʥʘʤ ʣʘʥʪʘʥʦʠʜʦʚ ʚʩʣʝʜʩʪʚʠʝ ʨʷʜʘ ʚʥʫʪʨʠʩʠʩʪʝʤʥʳʭ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ d-ʙʣʦʢʘ ʜʘʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ʏʘʩʪʴ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ d-ʙʣʦʢʦʚ (LŸL* ʠʣʠ LŸM) ʩʤʝʱʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʚʦʣʥ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ˊ-ˊ* ʧʝʨʝʭʦʜʦʚ ʣʠʛʘʥʜʦʚ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʝ ʵʥʝʨʛʠʠ ʠʦʥʫ ʣʘʥʪʘʥʦʠʜʘ[33]. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, 

ʥʘʧʨʠʤʝʨ, ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʠʣʠ ʮʠʢʣʠʯʝʩʢʠʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʠʦʥʘʤʠ ʣʘʥʪʘʥʦʠʜʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʥʝʜʨʝʥʠʝ ʠʦʥʘ ʤʝʪʘʣʣʘ ʜʨʫʛʦʡ 

ʧʨʠʨʦʜʳ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʞʝʩʪʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʶ ʚʠʙʨʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ MLnL, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ LnL, ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ[23, 105]. ʊʘʢ ʞʝ ʩʠʥʪʝʟ ʥʦʚʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ d-4f ʢʦʤʧʣʝʢʩʦʚ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʢ ʧʦʣʠʷʜʝʨʥʳʭ, ʪʘʢ ʠ 

ʧʦʣʠʤʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʦʝʥʠʝʤ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʬʨʘʛʤʝʥʪʘ[48, 57, 140, 141].

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʣʠʛʘʥʜʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʛʦʤʦ- ʠ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʤʦʣʝʢʫʣʷʨʥʳʝ ʠʣʠ 

ʧʦʣʠʤʝʨʥʳʝ. ʂʘʨʙʦʢʩʠʣʘʪʥʳʝ ʘʥʠʦʥʳ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʫʶ ʨʦʣʴ, 

ʧʨʦʷʚʣʷʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʦʦʨʜʠʥʘʮʠʠ (ʭʝʣʘʪʥʘʷ, ʤʦʩʪʠʢʦʚʘʷ). ɺʘʨʠʘʮʠʷ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʝ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʥʦʨʥʳʭ ʤʦʣʝʢʫʣ ʜʘʶʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ d-4f ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ 

ʰʠʨʦʯʘʡʰʠʡ ʩʧʝʢʪʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʩ ʟʘ ʩʯʝʪ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʣʠʛʘʥʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʥʫ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʊʘʢ ʞʝ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ ʟʘʜʘʯʝ ʦʪʨʘʞʘʝʪʩʷ ʚ ʝʞʝʛʦʜʥʦʤ ʧʨʠʨʦʩʪʝ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʧʦ 

ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ (ʨʠʩ. 1).
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ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʝʞʝʛʦʜʥʦ 

ʧʫʙʣʠʢʫʝʤʳʭ ʩʪʘʪʝʡ ʦʪ ʛʦʜʘ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʳ 

ʩʦʝʜʠʥʝʥʠʷ, ʠʤʝʶʱʠʝ ʦʜʥʫ ʠʣʠ ʙʦʣʝʝ ʤʦʩʪʠʢʦʚʫʶ ʢʘʨʙʦʢʩʠʣʘʪʥʫʶ 

ʛʨʫʧʧʫ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʣʘʥʪʘʥʠʜʘ ʠ 3d- ʠʣʠ 4d-ʤʝʪʘʣʣʘ.

ɺ ʥʠʞʝʩʣʝʜʫʶʱʝʤ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ, 

ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ M-Ln (M = Zn, Cu, Cd; Ln - ʣʘʥʪʘʥʦʠʜʳ) 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʠʦʥʘʤʠ ʤʦʥʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʤʳ ʦʛʨʘʥʠʯʠʣʠ 

ʦʙʟʦʨ ʤʦʥʦʢʘʨʙʦʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʥʦ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʙʠ-, ʪʨʠʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʘʥʠʦʥʦʚ). ʆʙʦʙʱʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʪ 

ʢʨʠʪʠʯʝʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʠ ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.

1.1. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʮʠʥʢ- ʠ ʢʘʜʤʠʡ-ʣʘʥʪʘʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʥʠʦʥʘʤʠ. 

ʀʟʚʝʩʪʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ Zn-Ln ʠ Cd-Ln

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʪʠʧʘʤʠ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʥʳʤʠ ʥʠʞʝ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ Cd-Ln ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʶʪ 

ʩʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʩʨʝʜʠ Zn-Ln ʢʦʤʧʣʝʢʩʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ Cd-Ln ʠ Zn-Ln ʢʦʤʧʣʝʢʩʳ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʪʨʦʝʥʠʷ, ʩʭʦʜʩʪʚʦ ʠ ʨʘʟʣʠʯʠʝ, ʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʦʜʥʦʤ ʨʘʟʜʝʣʝ. 

ɺʩʝ ʠʟʚʝʩʪʥʳʝ Cd-Lnʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʦ ʩʭʦʞʠʤ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʠʢʘʤ, 

ʚʢʣʶʯʘʶʱʠʤ ʩʠʥʪʝʟ ʚ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʮʠʢʣʝ ʨʘʙʦʪ Yu-Xian

Chi ʩ ʩʦʘʚʪʦʨʘʤʠ [31ï34]. ʄʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʮʠʥʢ-ʣʘʥʪʘʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳ[13, 35, 109, 117ï119, 121, 123, 125, 131, 132, 135, 38, 136, 137, 39, 40, 48, 57, 

68, 69, 78]. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ Zn-Ln ʠ Cd-Ln ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 
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ʚʳʷʚʠʣ, ʯʪʦ ʙʠʷʜʝʨʥʳʡ ʬʨʘʛʤʝʥʪ {MLn(ɛ-O2CR)3} (M = Zn, Cd) ʚʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʩʝʭ 

ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʬʦʨʤʠʨʫʶʪʩʷ ʙʠ-

, ʪʨʝʭʲ-, ʪʝʪʨʘ-ʠ ʜʨ. ʧʦʣʠʷʜʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 2).

ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘʪʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʙʠ-, ʪʨʝʭ- ʠ ʪʝʪʨʘʷʜʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʮʠʥʢ-ʠ ʢʘʜʤʠʡ-ʣʘʥʪʘʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (M = Zn, Cd).

1.1.1. ɹʠʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ Zn-Ln ʠ Cd-Ln ʩʦʝʜʠʥʝʥʠʷ

ɺ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ, ʤʦʩʪʠʢʦʚʳʝ ʠ/ʠʣʠ ʭʝʣʘʪʥʦ-

ʤʦʩʪʠʢʦʚʳʝ ʩʚʷʟʘʥʥʳʝ (ʭʝʣʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʘʪʦʤʝ Ln), ʠ ʭʝʣʘʪʥʘʷ 

ʤʦʣʝʢʫʣʘ N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ (ʥʘʧʨʠʤʝʨ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ (phen)), ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ 

ʘʪʦʤʘʤʠ Znʠʣʠ Cd, ʩʪʘʙʠʣʠʟʠʨʫʶʪ ʤʝʪʘʣʣʦʬʨʘʛʤʝʥʪ ʚ ʚʠʜʝ ʫʩʪʦʡʯʠʚʳʭ ʤʦʣʝʢʫʣ ʩʦʩʪʘʚʘ 

[LnM(O2CR)5(phen)(H2O)] (M = Zn: RCO2H = 4-ʤʝʪʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, Ln = Eu, Tb

(1ĀLn ) [117] ʠ RCO2H = 4-ʤʝʪʠʣʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, Ln = Dy (2) [78]; M = Cd: RCO2H = 4-

ʤʝʪʦʢʩʠʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, Ln = Sm, Eu, Tb, Nd, Ho, Er, Pr (3ĀLn ) [32, 33] ʠ RCO2H = 

ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, Ln = Er (4) [34]) ʠ [EuZn(piv)5(phen)]ÖMeCN(5) [69]. 

ʉʦʝʜʠʥʝʥʠʝ 2ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʨʝʘʢʮʠʠ ʥʠʪʨʘʪʘ ʜʠʩʧʨʦʟʠʷ(III), ʩʫʣʴʬʘʪʘ ʮʠʥʢʘ(II), 

4-ʤʝʪʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ (Zn : Ln : RCO2H : phen

= 1 : 1 : 0.5 : 1) ʚ ʚʦʜʥʦ-ʤʝʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ (180 

Áʉ, 3 ʩʫʪ). ʉʦʝʜʠʥʝʥʠʷ 3ĀLn ʧʦʣʫʯʝʥʳ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ, 

ʤʝʪʦʢʩʠʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, NaOH, ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ (Cd : Ln : 

RCO2H : phen= 1 : 1 : 1 : 0.25) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʳ, ʤʝʪʘʥʦʣʘ ʠ ʵʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʦ ʩʣʦʞʥʦʡ ʤʝʪʦʜʠʢʝ, ʚʢʣʶʯʘʶʱʝʡ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ ʧʨʠ 90 ÁC ʚ ʪʝʯʝʥʠʝ 140 ʯ. ʉʦʝʜʠʥʝʥʠʝ 4 ʪʘʢʞʝ ʧʦʣʫʯʝʥʦ ʚ 
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ʨʝʘʢʮʠʷ ʥʠʪʨʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ, ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳʠ ʬʝʥʘʥʪʨʦʣʠʥʘ (Cd: Ln

: PhCO2H : phen= 1 : 1 : 4: 0.4) ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ (140 ÁC, 4 ʩʫʪ). 

ɹʠʷʜʝʨʥʳʝ Zn-Ln ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ, 

5 ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʨʝʘʢʮʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʧʠʚʘʣʘʪʦʚ ʤʝʪʘʣʣʦʚ ʩ phenʚ 

ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ.

ʀʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʦʧʠʩʘʥʥʳʭ ʙʠʷʜʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʩʣʝʜʫʶʱʠʝ: Ln-O(O2CR) 2.25-2.33 ¡ (ʤʦʩʪʠʢʦʚʳʡ) ʠ 2.37-2.47 ¡ 

(ʭʝʣʘʪʠʨʫʶʱʠʡ), Ln-O(OH2) 2.37-2.46 ¡, Zn-O(O2CR) 2.02-2.05 ¡, Zn-N 2.09-2.19 ¡, ZnéLn

3.91 ¡, Cd-O(O2CR) 2.24-2.37 ¡, Cd-N 2.30-2.35 ¡, CdéLn 3.66-3.71 ¡. ʂʏ ʮʠʥʢʘ, ʢʘʜʤʠʷ ʠ 

ʣʘʥʪʘʥʠʜʘ ʨʘʚʥʳ 5, 5-6 ʠ 8, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʣʝʢʫʣʳ 

ʚʦʜʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʘʪʦʤʘ Ln ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ 

ʢʦʤʧʣʝʢʩʘ ʚ ʢʨʠʩʪʘʣʣʝ. ɺ ʩʦʝʜʠʥʝʥʠʷʭ 3ĀLnʠ 4 ʜʚʝ ʩʦʩʝʜʥʠʝ ʤʦʣʝʢʫʣʳ ʩʚʷʟʘʥʳ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ H ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʘʪʦʤʦʤ 

ʢʠʩʣʦʨʦʜʘ ʦʜʥʦʡ ʠʟ ʭʝʣʘʪʥʦ ʩʚʷʟʘʥʥʦʡ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ, ʬʦʨʤʠʨʫʷ ʘʩʩʦʮʠʘʪʳ ʠʟ 

ʜʠʤʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ 3ĀLnʠ 4ʥʘʙʣʶʜʘʶʪʩʷ ˊ-

ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʧʨʷʞʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ (~3.5 ¡), ʘ 

ʪʘʢʞʝ ʤʝʞʜʫ ʩʦʧʨʷʞʝʥʥʳʤʠ ʙʝʥʟʦʘʪʥʳʤʠ ʢʦʣʴʮʘʤʠ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ (~3.4 ¡). 

ʌʫʥʢʮʠʶ ʭʝʣʘʪʥʦ ʩʚʷʟʘʥʥʳʭ ʘʥʠʦʥʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʘʪʦʤʘʭLn ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ 

ʥʠʪʨʘʪ-ʘʥʠʦʥʳ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ 

[quinolineH]Ŀ[ZnLn(O2CR)3(NO3)3(quinoline)]ĿH2O (RCO2H = ʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, Ln = Er

(6) [40]; RCO2H = ʢʨʦʪʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, Ln = Sm (7) [38]), ʢʦʪʦʨʳʝʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 

ʜʣʠʪʝʣʴʥʦʛʦ (16 ʯ) ʢʠʧʷʯʝʥʠʷ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʦʚ ʮʠʥʢʘ(II) ʠ ʵʨʙʠʷ(III ), 

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʭʠʥʦʣʠʥʘ (ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1 : 3 : 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʉʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʠ ʢʠʩʣʦʪʳ ʧʨʠ ʩʠʥʪʝʟʝ 6ʠ 7ʦʧʨʝʜʝʣʷʝʪ 

ʢʦʥʝʯʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ. ʂʏ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʨʘʚʥʦ 9, ʂʏ 

ʮʠʥʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 4 ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʥʦʜʝʥʪʘʪʥʦ ʩʚʷʟʘʥʥʦʛʦ ʭʠʥʦʣʠʥʘ. 

ʀʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʣʝʜʫʶʱʠʝ: 

Zn-O(O2CR) 1.93-1.96 ¡, Ln-O(O2CR) 2.29-2.33 ¡, Ln-O(NO3) 2.42-2.57 ¡, Zn-N 2.04-2.05 ¡, 

ZnéSm4.08 ¡. [38, 40]

ɺ ʨʘʙʦʪʝ [13] ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʙʠʷʜʝʨʥʳʭ Zn-Ln

ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʨʝʘʢʮʠʠ Ln[N(Si(CH3)3)2]3, ZnEt2ʠ ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (Hpiv) ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʠʨʠʜʠʥʘ (py) ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ N-ʜʦʥʦʨʥʦʛʦ 

ʣʠʛʘʥʜʘ [13]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

(py)3ZnLn(piv)5 (Ln = Tb, Dy, Er, Y, Yb (8ĀLn)), ʩʦʜʝʨʞʘʱʠʝ ʩʨʘʟʫ ʪʨʠ ʤʦʣʝʢʫʣʳ ʧʠʨʠʜʠʥʘ, 

ʜʚʝ ʠʟ ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʠʦʥʦʤ ʮʠʥʢʘ (ʂʏ = 5), ʠ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʧʠʨʠʜʠʥʘ ʚʤʝʩʪʝ ʩ 
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ʜʚʫʤʷ ʭʝʣʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʜʦʩʪʨʘʠʚʘʶʪ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʘ Ln ʜʦ ʂʏ = 8. ʀʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʩʚʷʟʝʡ ʠ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʩʣʝʜʫʶʱʠʝ: Zn-O(O2CRʤʦʩʪ) 2.04-2.06 ¡, Ln-O(O2CRʤʦʩʪ) 2.24-2.31 

¡, Ln-O(O2CRʭʝʣʘʪ) 2.34-2.45 ¡, Zn-N 2.08-2.16 ¡, Ln-N 2.54-2.59 ¡, ZnéLn 3.88-3.92 ¡. [13]

1.1.2. ʊʨʝʭʲʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ Zn-Ln ʠ Cd-Ln ʩʦʝʜʠʥʝʥʠʷ

ʅʘʨʘʱʠʚʘʥʠʝ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʩ ʙʠ- ʜʦ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʙʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩ ʦʙʱʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʘʪʦʤʦʤ Ln (ʨʠʩ. 2). ʊʘʢʠʝ

ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʧʝʨʚʘʷ, ʚ ʢʦʪʦʨʦʡ ʨʦʣʴ ʭʝʣʘʪʥʦʛʦ 

ʣʠʛʘʥʜʘ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʠʦʥʦʤ ʣʘʥʪʘʥʠʜʘ, ʚʳʧʦʣʥʷʝʪ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥ ʠ ʚʪʦʨʘʷ, ʛʜʝ 

ʵʪʫ ʨʦʣʴ ʚʳʧʦʣʥʷʝʪ ʥʠʪʨʘʪ-ʘʥʠʦʥ. 

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʩʦʝʜʠʥʝʥʠʷ [PrZn2(p-toluylate)5(OAc)2(phen)2] (9) [35], 

[LnZn2(piv)7(py)2] (Ln = Pr, Nd, Sm (10ĀLn )) [13], [EuCd2(benz)7(phen)2] (11) [34] ʠ

[Zn2Pr(benz)7(phen)2]3 (12) [34]. ɺʦʚʩʝʭʩʦʝʜʠʥʝʥʠʷʭ{ Zn2Ln} ʧʘʨʠrʦʥʦʚʤʝʪʘʣʣʦʚʩʚʷʟʘʥʳ

ʪʨʝʤʷʤʦʩʪʠʢʦʚʳʤʠʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘʤʠ. ɺ ʩʦʝʜʠʥʝʥʠʠ 11ʧʘʨʳ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʳ 

ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘʤʠ ʠ ʦʜʥʠʤ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤ, ʢʦʪʦʨʳʡ 

ʭʝʣʘʪʥʦ ʩʚʷʟʘʥ ʩ ʘʪʦʤʦʤ ʢʘʜʤʠʷ(II) [13]. ʀʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʚ Zn-Ln ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʣʝʜʫʶʱʠʝ:Zn-O(O2CRʤʦʩʪ) 

1.92-2.12 ¡, Ln-O(O2CRʤʦʩʪ) 2.36-2.47 ¡, Ln-O(O2CRʭʝʣ) 2.43-2.53 ¡, Zn-N 2.05-2.07 ¡, 

ZnéLn 4.00-4.08 ¡ [13, 34, 35]. ʀʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ 

ʚ ʩʦʝʜʠʥʝʥʠʠ 11ʩʣʝʜʫʶʱʠʝ: Cd-O(O2CRʤʦʩʪ) 2.20-2.25 ¡, Cd-O(O2CRʭʝʣ-ʤʦʩʪ) 2.37-2.49 ¡, 

Ln-O(O2CRʤʦʩʪ) 2.37-2.40 ¡, Ln-O(O2CRʭʝʣ) 2.46 ¡, Cd-N 2.06-2.19 ¡, CdéLn 3.86 ¡ [34].

ʉʦʝʜʠʥʝʥʠʷ, ʦʪʥʦʩʷʱʝʡʩʷ ʢʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ: 

¶ [Zn2Eu(NO3)(piv)6(L)2] (L = MeCN (13ĀEu), lut (14ĀEu), bpy (15ĀEu) ʠ phen(83ĀEu)) 

[48] ʚʳʜʝʣʝʥʳ ʚ ʨʝʘʢʮʠʠ ʧʠʚʘʣʘʪʘ ʮʠʥʢʘ(II) ʩ ʥʠʪʨʘʪʦʤ ʝʚʨʦʧʠʷ(III) ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ 

ʠ ʜʘʣʴʥʝʡʰʠʤ ʧʨʠʙʘʚʣʝʥʠʝʤ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ; 

¶ [Zn2Ln(NO3)(piv)6(py)2] (Ln =La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Er) (16ĀLn ) [13]

ʧʦʣʫʯʝʥʳ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠʟ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʠʜʘ, 

ʘʮʝʪʘʪʘ ʮʠʥʢʘ ʠ ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʨʠʜʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ; 

¶ [Zn2Ln(RCO2)6(NO3)(2,2ǋ-bpy)2] (RCO2H = Ŭ-ʤʝʪʠʣʘʢʨʠʣʦʚʘʷ ʢ-ʪʘ, Ln = La [135], Nd

[119, 137], Pr [136], Ce [119]) (17ĀLn ), [Zn2Ln(RCO2)6(NO3)(phen)2] (RCO2H = Ŭ-

ʤʝʪʠʣʘʢʨʠʣʦʚʘʷʢ-ʪʘ, Ln = Nd [123]) (18) ʩʠʥʪʝʟʠʨʦʚʘʥʳʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦʢʘʨʙʦʢʩʠʣʘʪʘʣʘʥʪʘʥʠʜʘ(III) ʩʥʠʪʨʘʪʦʤʮʠʥʢʘʚʢʠʩʣʦʡʚʦʜʥʦʡʩʨʝʜʝ, ʩ

ʧʦʩʣʝʜʫʶʱʠʤʧʨʠʙʘʚʣʝʥʠʝʤ2,2ǋ-ʙʠʧʠʨʠʜʠʣʘ(Zn : Ln : bpy = 1 : 1 : 1).
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¶ [Zn2Dy(piv)6(NO3)(quinoline)2] (19) [40] ʠ [Zn2Dy(crot)6(NO3)(quinoline)2]Ŀquinoline

(20) [38] ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʜʣʠʪʝʣʴʥʦʛʦ (16 ʯ) ʢʠʧʷʯʝʥʠʷ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʦʚ 

ʮʠʥʢʘ(II) ʠ ʜʠʩʧʨʦʟʠʷ(III), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ (ʧʠʚʘʣʠʥʦʚʦʡ ʠʣʠ ʧʨʦʧʠʦʥʦʚʦʡ) ʢʠʩʣʦʪʳ ʠ 

ʭʠʥʦʣʠʥʘ (ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2 : 1 : 6 : 2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).

ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʪʨʝʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʧʝʨʚʦʡ ʪʝʤ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʣʘʥʪʘʥʠʜʘ ʭʝʣʘʪʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪ ʥʠʪʨʘʪ-ʘʥʠʦʥ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʠʪʨʘʪʦʚ 

ʣʘʥʪʘʥʠʜʦʚ, ʩʦʣʝʡ ʮʠʥʢʘ/ʢʘʜʤʠʷ ʠ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ 

ʢʘʨʙʦʢʩʠʣʘʪʘ ʣʘʥʪʘʥʠʜʘ ʠ ʥʠʪʨʘʪʘ ʮʠʥʢʘ. ʇʨʠ ʵʪʦʤ, ʥʘʧʨʠʤʝʨ, ʚ ʩʦʣʴʚʦʪʦʪʝʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʯʠʩʪʦ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ - 9, 11ʠ12.

ʀʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʪʨʝʭʲʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʩʣʝʜʫʶʱʠʝ: Zn-O(O2CR) 1.91-2.08, Ln-O(O2CR) 2.26-2.51, Ln-

O(O2NO) 2.44-2.64, Zn-N 2.06-2.19, ZnéLn 3.92-4.25 [13, 38, 40, 48, 119, 123, 135ï137].

ɺ ʩʦʝʜʠʥʝʥʠʠ [Zn2Dy(EtCO2)6(NO3)(quinoline)2(H2O)] (21) [40], ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʪʨʝʭʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʜʥʘ ʠʟ ʢʘʨʙʦʢʩʠʣʘʪ-ʛʨʫʧʧ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʠʦʥʦʤ ʮʠʥʢʘ(II) 

ʤʦʥʦʜʝʥʪʘʪʥʦ, ʘ ʠʦʥ ʜʠʩʧʨʦʟʠʷ ʜʦʩʪʨʘʠʚʘʝʪ ʩʚʦʝ ʦʢʨʫʞʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʝʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

ʉʦʝʜʠʥʝʥʠʝ 21 ʧʦʣʫʯʝʥʦ ʘʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʝʥʠʶ 19. ʇʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ ʘʚʪʦʨʦʚ, ʵʪʘ 

ʥʝʦʞʠʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩʦ ʩʪʝʨʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ ʤʝʞʜʫ 

ʘʥʠʦʥʘʤʠ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʭʠʥʦʣʠʥʘ, ʘ ʪʘʢʞʝ ʩ ʪʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʚʦʜʳ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʘʷ ʠʦʥʦʤ ʜʠʩʧʨʦʟʠʷ, ʦʙʨʘʟʫʝʪ ʜʚʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ: ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ 

ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ, ʪʝʨʤʠʥʘʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʠʦʥʦʤ 

ʮʠʥʢʘ(II); ʘ ʪʘʢʞʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʫʶ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʦʤ ʥʠʪʨʘʪ-ʘʥʠʦʥʘ ʩʦʩʝʜʥʝʡ 

ʤʦʣʝʢʫʣʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʦʯʢʠ ʠʟ Zn2Dy

ʬʨʘʛʤʝʥʪʦʚ. 

ɺ ʨʘʙʦʪʝ[141] ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʦʚ 

{Zn2Ln(NO3)(O2CR)6} (O2CR = 3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʙʝʥʟʦʘʪ(hbzoH) ʠ (bzoH) 

(ʚʪʦʨʘʷ ʛʨʫʧʧʘ) ʚ ʢʘʯʝʩʪʚʝ ʣʠʥʝʡʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ çʙʣʦʢʦʚè ʜʣʷ ʧʦʣʫʯʝʥʠʷ 1D ʠ 2D 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʤʦʩʪʠʢʦʚʳʤ ʧʦʣʠʧʠʨʠʜʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ4,4ǋ-

ʙʠʧʠʨʠʜʠʣʦʤ (4,4ǋ-bpy). ɺ ʨʝʘʢʮʠʷʭ 4,4-ʙʠʧʠʨʠʜʠʣʘ ʩ ʢʦʤʧʣʝʢʩʘʤʠ [Zn2Ln(Õ-

hbzo)6(NO3)(2,3-lut)2] (22) ʠ [Zn2Ln(Õ-bzo)6(NO3)(2,3-lut)2] (23) ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ [Zn2Ln(Õ-hbzo)6(NO3)(Õ-4,4ǋ-bpy)]n (24) ʠ [Zn2Ln(Õ-

bzo)6(NO3)(Õ-4,4ǋ-bpy)]n (25), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Ln = Eu, Tb) [141].
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1.1.3. ʊʝʪʨʘʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ Zn-Ln ʠ Cd-Ln ʩʦʝʜʠʥʝʥʠʷ

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʥʳʭ Zn-Ln ʠ Cd-Ln ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʪʝʪʨʘʷʜʝʨʥʳʤʠ, ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʩʭʦʞʝʝ ʩʪʨʦʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 

2. ʊʘʢʦʡʪʝʪʨʘʷʜʝʨʥʳʡ ʬʨʘʛʤʝʥʪ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʣʠʥʝʡʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ 

ʜʚʫʭ ʙʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ {M-Ln-Ln-M} (M = Zn, Cd), ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ 

ʤʦʩʪʠʢʦʚʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ, ʜʠʤʝʨʥʳʡ ʬʨʘʛʤʝʥʪ ʠʟ ʘʪʦʤʦʚ ʣʘʥʪʘʥʠʜʘ ʟʘʥʠʤʘʝʪ 

ʮʝʥʪʨʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʚ ʤʦʣʝʢʫʣʝ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʜʠʤʝʨʠʟʘʮʠʠ ʚʧʦʣʥʝ ʣʦʛʠʯʝʥ, 

ʧʦʩʢʦʣʴʢʫ ʘʪʦʤ ʮʠʥʢʘ ʠʣʠ ʢʘʜʤʠʷ ʟʘʙʣʦʢʠʨʦʚʘʥ N-ʜʦʥʦʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʘ ʘʪʦʤʳ 

ʣʘʥʪʘʥʠʜʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʙʠʷʜʝʨʥʳʝ ʤʦʣʝʢʫʣʳ ʩ ʯʝʪʳʨʴʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʠ/ʠʣʠ ʭʝʣʘʪʥʦ ʤʦʩʪʠʢʦʚʳʤʠ ʛʨʫʧʧʘʤʠ[65, 

89]. 

ʀʟʚʝʩʪʥʳʝ ʪʝʪʨʘʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. ɺ 

ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʨʦʣʴ ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʣʠʛʘʥʜʘ ʥʘ ʘʪʦʤʝ Ln ʚʳʧʦʣʥʷʝʪ ʥʠʪʨʘʪ-ʘʥʠʦʥ, ʘʪʦʤʳ 

Ln ʩʚʷʟʘʥʳ ʜʚʫʤʷ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʝʱʝ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ). ɺʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʨʦʣʴ 

ʭʝʣʘʪʠʨʫʶʱʝʛʦ ʘʥʠʦʥʥʦʛʦ ʣʠʛʘʥʜʘ ʥʘ ʘʪʦʤʝ Ln ʚʳʧʦʣʥʷʝʪ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥ, ʘʪʦʤʳ 

ʣʘʥʪʘʥʠʜʦʚ ʩʚʷʟʘʥʳ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʠʣʠ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ. ɺ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʭʝʣʘʪʠʨʫʶʱʠʝ ʘʥʠʦʥʥʳʝ ʣʠʛʘʥʜʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʜʚʘ 

ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ ʦʙʨʘʟʫʶʪ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʩʪʠʢʘ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʣʘʥʪʘʥʠʜʦʚ. 

ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʪʝʪʨʘʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʜʤʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ, ʚ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʘʭ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʢʘʜʤʠʷ, ʠʦʥʳ ʢʘʜʤʠʷ ʠʤʝʶʪ ʂʏ = 6 

ʠ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʠʦʥʦʤ ʣʘʥʪʘʥʠʜʘ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʠ ʦʜʥʦʡ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʦʡ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ.

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʪʝʪʨʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ: 

[Zn2Yb2(O2CR)8(quinoline)2(NO3)2] (RCO2H = ʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (26, ʨʠʩ. 3ʘ) [39] ʠʣʠ 

ʢʨʦʪʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (27) [38]); [L2Zn2Eu2(1-naph)8(NO3)2] (L = 2,2-bpy (28) ʠʣʠ 1,10-phen

(29)) [57] ʠ[(Lǋ)2Zn2Ln2(NO3)2(naphac)8] (Lǋ= 4,4ǋ-dtb-2,2ǋ-bpy: Ln = Eu, Tb (30) ʠLǋ= py: Ln

= Tm (31)) [68]. ɺʩʦʝʜʠʥʝʥʠʷʭ[Zn2Ln2(O2CEt)8(quinolin)2(NO3)2(H2O)2] (Ln = La, Gd, Yb [39, 

40]) (32, ʨʠʩ. 3ʙ) ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡʤʦʣʝʢʫʣʳ ʚʦʜʳ ʢ ʠʦʥʫ 

ʣʘʥʪʘʥʠʜʘ, ʘ ʚ ʩʦʝʜʠʥʝʥʠʠ [(4,4ǋ-diMe-2,2ǋ-bpy)2Zn2Eu2(NO3)4(naphac)6] (33) [68] ʥʘ ʢʘʞʜʦʤ 

ʠʦʥʝ ʣʘʥʪʘʥʠʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʧʦ ʜʚʝ NO3-ʛʨʫʧʧʳ. 
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ʘ

ʙ

ʈʠʩʫʥʦʢ 3.ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʝʪʨʘʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 26ĀYb (ʘ) ʠ 32ĀGd

(ʙ) (ʧʝʨʚʘʷ ʛʨʫʧʧʘ).

ʉʦʝʜʠʥʝʥʠʷ 26, 27ʠ 32ʧʦʣʫʯʝʥʳ ʜʣʠʪʝʣʴʥʳʤ ʢʠʧʷʯʝʥʠʝʤ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʩʤʝʩʠ ʥʠʪʨʘʪʦʚ ʮʠʥʢʘ(II) ʠ ʣʘʥʪʘʥʠʜʘ(III), ʭʠʥʦʣʠʥʘ ʠ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (1 : 1 : 2 : 8). 

ʊʘʢʞʝ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʘʢʮʠʠ ʥʠʪʨʘʪʘ ʮʠʥʢʘ(II), ʧʨʦʧʠʦʥʘʪʘ ʛʘʜʦʣʠʥʠʷ(III) ʠ 

ʭʠʥʦʣʠʥʘ (2 : 1 : 2) ʚ ʵʪʘʥʦʣʝ. ʉʦʝʜʠʥʝʥʠʷ 28ʠ 29ʧʦʣʫʯʝʥʳ ʚ ʨʝʘʢʮʠʠ ʥʠʪʨʘʪʘ ʝʚʨʦʧʠʷ(III ), 

ʭʣʦʨʠʜʘ ʮʠʥʢʘ(II), ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ Ŭ-ʥʘʬʪʦʘʪʘ ʢʘʣʠʷ ʠ 2,2ǋ-ʙʠʧʠʨʠʜʠʣʘ ʚ 

ʩʦʦʪʥʦʰʝʥʠʷʭ 1 : 3 : 6 : 3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʛʦʨʷʯʝʤ (50 Áʉ) ʘʮʝʪʦʥʠʪʨʠʣʝ. ʉʦʝʜʠʥʝʥʠʷ 33

ʠ 30 ʧʦʣʫʯʝʥʳ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: 1) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 13 ʩ ʠʟʙʳʪʢʦʤ 1-

ʥʘʬʪʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ (13 : Lǋ: naphac= 1 : 2 : 10); 

2) ʚ ʨʝʘʢʮʠʠ ʥʠʪʨʘʪʦʚ ʮʠʥʢʘ(II) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʣʘʥʪʘʥʠʜʘ(III) ʩ N-ʜʦʥʦʨʥʳʤ ʣʠʛʘʥʜʦʤ 

ʠ ʢʠʩʣʦʪʦʡ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (Zn : Ln : Lǋ: naphac: KOH = 1 : 1 : 1 : 5 : 5). ʉʦʝʜʠʥʝʥʠʝ 31

ʧʦʣʫʯʝʥʦ ʘʥʘʣʦʛʠʯʥʦ ʩʦʝʜʠʥʝʥʠʷʤ 33ʠ 30ʠʟ ʥʠʪʨʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ [68].

ʉʦʝʜʠʥʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ, ʧʦʣʫʯʝʥʳ ʣʠʙʦ ʠʟ ʨʝʘʛʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʥʠʪʨʘʪ-ʘʥʠʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʜʦʩʪʘʪʢʝ ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ 
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[Zn2Tb2(O2CR)10(phen)2] (RCO2H= ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (34); o-C4H3SCO2H (35, ʨʠʩ. 4ʘ) [132], 

[(bpy)2Zn2Eu2(1-naph)10] (36), [Zn2Ce2(RCO2)10(py)2(H2O)2] (RCO2H = Ŭ-ʤʝʪʠʣʘʢʨʠʣʦʚʘʷ ʢ-ʪʘ) 

(37, ʨʠʩ. 4ʙ) [118], ʣʠʙʦ ʢʦʤʧʣʝʢʩʳ, ʪʘʢʠʝ ʢʘʢ [Zn2Er2(PhCO2)10(phen)2] (Ln = Er, Ho) (47ĀLn) 

[35] ʠ [Nd2Zn2(p-toluylate)10(phen)2] (40) [35], ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ 

ʩʠʥʪʝʟʘ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ [(py)2Zn2Ln2(naphac)10] (38ĀLn: Ln = Eu, Nd, Gd, Tb, Dy) 

[68] ʠʟ ʥʠʪʨʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ, naphacʠ ʧʠʨʠʜʠʥʘ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ (Zn : 

Ln : naphac: py= 1 : 1 : 5 : 7) NO3-ʛʨʫʧʧʳ ʚʳʚʦʜʷʪʩʷ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʫʪʝʤ ʩʚʷʟʳʚʘʥʠʷ 

ʩ ʧʠʨʠʜʠʥʠʡ ʢʘʪʠʦʥʦʤ (pyHȚNO3).

ʘ

ʙ

ʈʠʩʫʥʦʢ 4.ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʝʪʨʘʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 37ĀTb (ʘ) ʠ 35ĀLa

(ʙ) (ʚʪʦʨʘʷ ʛʨʫʧʧʘ).

ɺ ʪʨʝʪʴʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʩʦʝʜʠʥʝʥʠʷ [Zn2Dy2(O2CR)10(phen)2] (RCO2H = 4-

ʪʨʠʬʪʦʨʤʝʪʠʣʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ) (39) [109], [Zn2Ln2(p-toluylate)10(phen)2] Ŀn(HAc)1/2 (n = 0: 

Ln = Nd (40, ʨʠʩ. 5ʘ); n = 2: Ln = Tb, Ho) (41ĀLn ) [35], [Cd2Ln2(O2CR)10(phen)2] (RCO2H = ʧ-

ʛʠʜʨʦʢʩʠʙʝʥʟʦʡʥʘʷʢ-ʪʘ, Ln = Sm, Nd, Pr (42ĀLn , ʨʠʩ. 5ʙ); RCO2H = ʧ-ʭʣʦʨʙʝʥʟʦʡʥʘʷ
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ʢʠʩʣʦʪʘ, Ln = Ho (43)) [31]. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ, ʧʦʣʫʯʝʥʳ ʚ 

ʫʩʣʦʚʠʷʭ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120-160 Áʉ ʠʟ ʥʠʪʨʘʪʦʚ ʠʣʠ ʦʢʩʠʜʦʚ 

ʣʘʥʪʘʥʠʜʦʚ, ʘʮʝʪʘʪʘ ʠʣʠ ʭʣʦʨʠʜʘ ʮʠʥʢʘ, ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʝʝ ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʠ N-

ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʤ ʨʘʩʪʚʦʨʝ.

ʘ

ʙ

ʈʠʩʫʥʦʢ 5.ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʝʪʨʘʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

40ĀNd (ʘ) ʠ 42ĀNd (ʙ) (ʪʨʝʪʴʷ ʛʨʫʧʧʘ).

ʀʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʚ ʪʝʪʨʘʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʩʣʝʜʫʶʱʠʝ: 

ʧʝʨʚʘʷ ʛʨʫʧʧʘ Zn2Ln2ʢʦʤʧʣʝʢʩʦʚ - ZnéLn 3.74-4.03, LnéLn 4.08-4.22, Zn-O 1.92-2.12, Ln-

O(O2NOʭʝʣ) 2.35-2.57, Ln-O(O2CR) 2.18-2.52, Zn-N 2.06-2.13[38ï40];

ʚʪʦʨʘʷ ʛʨʫʧʧʘ Zn2Ln2ʢʦʤʧʣʝʢʩʦʚ - ZnéLn 3.76-4.01, LnéLn 4.14-5.16, Zn-O 1.93-2.34, Ln-

O(O2CRʭʝʣ) 2.36-2.61, Ln-O(O2CRʤʦʩʪ, ʭʝʣ-ʤʦʩʪ) 2.26-2.64, Zn-N 2.06-2.20 (ʚʪʦʨʘʷ ʛʨʫʧʧʘ) [35, 

118, 132];

ʪʨʝʪʴʷʛʨʫʧʧʘ M2Ln2ʢʦʤʧʣʝʢʩʦʚ - ZnéLn 3.89-4.22, LnéLn 3.90-4.43, Zn-O 1.93-2.29, Ln-

O(O2CR) 2.23-2.62, Zn-N 2.04-2.21 [35, 109]ʠ CdéLn 3.92-3.95, LnéLn 4.13-4.14, Cd-O

2.21-2.35, Ln-O(O2CR) 2.24-2.481, Cd-N 2.33-2.40 (ʪʨʝʪʴʷ ʛʨʫʧʧʘ) [31].

1.1.4. ʇʦʣʠʷʜʝʨʥʳʝ ʠ ʧʦʣʠʤʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ Zn-Ln ʠ Cd-Ln ʩʦʝʜʠʥʝʥʠʷ

ʉʦʝʜʠʥʝʥʠʷ ʩ ʷʜʝʨʥʦʩʪʴʶ ʚʳʰʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʤʝʨʘʤʠ: 

ʧʝʥʪʘʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [Ho2Cd3(benz)12(phen)2] (44) [34], ʦʢʪʘʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 
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[Zn2Ln2(RCO2)10(4,4ǋ-bpy)2(H2O)2]2 (RCO2H = Ŭ-ʤʝʪʠʣʘʢʨʠʣʦʚʘʷ ʢ-ʪʘ; Ln = Tb [121], Yb

[125]) (45ĀLn) ʠ ʧʦʣʠʤʝʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ [ZnLn2(Fur)8Ŀ2H2O]n (Ln = Eu, Tb) (46ĀLn) 

[131], ʘ ʪʘʢʞʝ ʫʞʝ ʫʧʦʤʠʥʘʚʰʠʤʠʩʷ ʧʦʣʠʤʝʨʘʤʠ 24ʠ 25. 

ʉʦʝʜʠʥʝʥʠʝ 44ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʪʘʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʢʘʢ 4 { ErCd} ʠ 11 { EuCd2}, ʚ 

ʨʝʘʢʮʠʠ ʥʠʪʨʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ, ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ (Zn

: Ln : PhCO2H : phen= 1 : 1 : 4 : 0.4) ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ (140 ÁC, 4 ʩʫʪ) ʩ 

ʦʪʣʠʯʠʝʤ ʣʠʰʴ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ ʜʣʷ ʨʝʘʢʮʠʠ ʠʦʥʝ ʣʘʥʪʘʥʠʜʘ(III). ʉʦʝʜʠʥʝʥʠʝ 44

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʮʝʧʦʯʢʫ ʠʟ ʙʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ {CdHo(benz)3(phen)}, ʚ ʢʦʪʦʨʳʭ 

ʘʪʦʤʳ Ho ʩʚʷʟʘʥʳ ʩ ʘʪʦʤʘʤʠ Cd ʤʦʩʪʠʢʦʚʳʤʠ ʠ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ ʘʥʠʦʥʘʤʠ 

ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʨʠʩ. 6). 

ʈʠʩʫʥʦʢ 6.ʉʭʝʤʘʪʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 44ĀHo. 

ʉʦʝʜʠʥʝʥʠʝ 45ĀLnʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʨʝʘʢʮʠʠ Ŭ-ʤʝʪʠʣʘʢʨʠʣʘʪʘ ʣʘʥʪʘʥʠʜʘ(III) ʩ 

ʥʠʪʨʘʪʦʤ ʮʠʥʢʘ(II) ʚ ʢʠʩʣʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ (Ŭ-ʤʝʪʠʣʘʢʨʠʣʦʚʘʷ ʢ-ʪʘ, pH= 4.1) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʜʦʙʘʚʣʝʥʠʝʤ 4,4-ʙʠʧʠʨʠʜʠʣʘ (Ln : Zn : 4,4ǋ-bpy = 5 : 2 : 1). ʄʦʣʝʢʫʣʘ ʢʦʤʧʣʝʢʩʘ 45ĀLn

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʠʷʜʝʨʥʳʭ {ZnLn(Õ-O2CR)3(O2CR)2(H2O)} ʠ ʦʜʥʦʛʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʪʨʘʷʜʝʨʥʦʛʦ {ZnLn(Õ-O2CR)8(O2CR)(H2O)} ʬʨʘʛʤʝʥʪʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ 4,4ǋ-ʙʠʧʠʨʠʜʠʣʴʥʳʤʠ ʤʦʩʪʠʢʘʤʠ (ʨʠʩ. 7). 

ʈʠʩʫʥʦʢ 7.ʉʭʝʤʘʪʠʯʥʦʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 45ĀLn. 

ʉʦʝʜʠʥʝʥʠʷ 46ĀLnʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ (90 ÁC, 3 ʩʫʪ, ʩʨʝʜʘ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ - ʚʦʜʘ). ɽʚʨʦʧʠʡʩʦʜʝʨʞʘʱʠʡ ʢʦʤʧʣʝʢʩ ʧʦʣʫʯʝʥ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ Ŭ-ʬʫʨʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʠʤʝʨ,ʩʦʜʝʨʞʘʱʠʡ ʠʦʥʳ ʪʝʨʙʠʷ(III ), 
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ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʦʢʩʠʜʘ ʮʠʥʢʘ(II), ʢʘʨʙʦʥʘʪʘ ʪʝʨʙʠʷ(III) ʠ Ŭ-ʬʫʨʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩ ʠʦʥʘʤʠ ʝʚʨʦʧʠʷ(III) ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ (Zn : Eu : HFur = 1 : 1 : 5; 2 : 1 : 7; 3 : 1 : 9 ʠ 4 : 1 : 11), 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ.

ʉʦʝʜʠʥʝʥʠʝ 46ĀLnʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʧʦʯʝʯʥʳʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ, ʚ 

ʢʦʪʦʨʦʤ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʦʨʷʜʢʝ éZnéLnéLnéZnéLnéLné (Ln = Eu, 

Tb) ʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʩʪʠʢʦʚʳʤʠ ʠ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ 

ʛʨʫʧʧʘʤʠ (ʨʠʩ. 8). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤ ʧʨʠʤʝʨʦʤ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ Zn-Ln ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʦʤ ʠʦʥʳ Zn(II) ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʤʦʩʪʠʢʘʤʠ. 

ʈʠʩʫʥʦʢ 8.ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 46ĀLn. 

1.1.5. ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ Zn-Ln ʠ Cd-Ln

ʩʦʝʜʠʥʝʥʠʡ

ɺʩʝ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ Zn-Ln ʠ Cd-Ln ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʦʜʝʨʞʘʪ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʙʣʠʞʥʷʷ ʀʂ, ʚʠʜʠʤʘʷ ʠʣʠ ʋʌ) ʠʦʥ ʣʘʥʪʘʥʠʜʘ(III) ʠ ʣʠʛʘʥʜʳ-ʘʥʪʝʥʥʳ 

(ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ, ʠʤʝʶʱʠʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦʧʨʷʞʝʥʥʳʝ ʠʣʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʠ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʷʭ N-ʜʦʥʦʨʥʳʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʣʠʛʘʥʜʳ), ʩʧʦʩʦʙʥʳʝ ʵʬʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʴ ʧʦʛʣʦʱʝʥʥʫʶ ʵʥʝʨʛʠʶ ʚʦʟʙʫʞʜʝʥʠʷ ʠʦʥʘʤ 

ʣʘʥʪʘʥʦʠʜʦʚ ʚʩʣʝʜʩʪʚʠʝ ʨʷʜʘ ʚʥʫʪʨʠʩʠʩʪʝʤʥʳʭ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ. [46, 59]

ɺ ʨʘʙʦʪʝ [132]ʩ ʮʝʣʴʶ ʧʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʤʦʣʝʢʫʣ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʠʦʥʦʚ ʮʠʥʢʘ 

ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʝʥʟʦʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 34 ({ Zn2Tb2}) ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʘʚʪʦʨʳ 

ʧʦʣʫʯʠʣʠ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʨʷʜʫ 

34 > [Tb(Benz)3(phen)2] > [Tb(Benz)3] ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ 

ʩʠʩʪʝʤʫ ʠʦʥʦʚ ʮʠʥʢʘ(II) ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʝ 
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ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʵʬʬʝʢʪʦʤ ʘʥʪʝʥʥʳ 

ʤʦʣʝʢʫʣʳ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʵʬʬʝʢʪʦʤ ʠʦʥʦʚ Zn(II), 

ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʥʦʩʝ ʵʥʝʨʛʠʠ ʩ ʭʝʣʘʪʠʨʫʶʱʠʭ ʣʠʛʘʥʜʦʚ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʘʪʦʤʘʤʠ ʮʠʥʢʘ ʥʘ ʠʦʥ ʪʝʨʙʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʥʪʝʥʥ ʚ ʦʪʥʦʰʝʥʠʠ ʥʘ ʦʜʠʥ ʘʪʦʤ ʪʝʨʙʠʷ (Benz : Tb) ʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ 

ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʝʨʙʠʷ(6 ʜʣʷ 34, 3 ʜʣʷ [Tb(Benz)3(phen)2] ʠ [Tb(Benz)3]), ʯʪʦ 

ʪʘʢʞʝ ʜʦʣʞʥʦ ʠʛʨʘʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʫʩʠʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʋʜʘʣʝʥʥʦʩʪʴ ʤʦʣʝʢʫʣʳ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʦʪ ʘʪʦʤʘ Tbʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʘ, ʪʘʢ ʚ ʨʘʙʦʪʝ 

[48] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʤʦʣʝʢʫʣʳ 2,2ǋ-bpyʢ ʠʦʥʫ EuIII

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Zn2Eu(NO3)(Piv)6(2,2ǋ-bpy)2], ʚ 

ʢʦʪʦʨʦʤ ʣʠʛʘʥʜ-ʘʥʪʝʥʥʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ ʮʠʥʢʘ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 6 

¡ ʦʪ ʘʪʦʤʘ Eu(ʩʤ. ʥʠʞʝ).

ʊʝʪʨʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 36, 28 ʠ 29 ({ Zn2Eu2}) [57] ʩʦʜʝʨʞʘʪ ʜʚʘ ʪʠʧʘ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ (ʘʥʠʦʥ 1-ʥʘʬʪʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ 2,2ǋ-ʙʠʧʠʨʠʜʠʣ ʠʣʠ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʝʨʝʥʦʩʝ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʠʦʥ 

ʣʘʥʪʘʥʠʜʘ. ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʳʭ ʫʨʦʚʥʝʡ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 1-ʥʘʬʪʦʘʪ 

ʘʥʠʦʥʘ (E(T1) = 22780 ʩʤ
-1), 2,2ǋ-ʙʠʧʠʨʠʜʠʣʘ (E(T1) = 22900 ʩʤ

-1) ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ (E(T1) 

= 22100 ʩʤ-1) ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʥʘ ʠʟʣʫʯʘʶʱʠʡ ʫʨʦʚʝʥʴ ʝʚʨʦʧʠʷ(III ) 

(E(5D0) = 17200 ʩʤ
-1), ʥʦ ʧʦʩʢʦʣʴʢʫ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʠ æE = E(T1) - E(5D0) (4900-5700 ʩʤ-1) 

ʣʝʞʠʪ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (2500-4500 ʩʤ-1), [74] ʚ ʢʦʪʦʨʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʫʩʠʣʝʥʠʝ ʵʤʠʩʩʠʠ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ, ʪʦ, ʢʘʢ 

ʫʪʚʝʨʞʜʘʣʠ ʘʚʪʦʨʳ, ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʜʣʷ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʚʳʰʘʶʪ 20% ʠ ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʥʠʦʥʦʚ 1-ʥʘʬʪʦʡʥʦʡ ʢʠʩʣʦʪʳ ʚ 

ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ (QY = 20% ʜʣʷ ʢʦʤʧʣʝʢʩʘ 28ʩ 8 ʥʘʬʪʦʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʨʦʪʠʚ QY = 

30% ʜʣʷ ʢʦʤʧʣʝʢʩʘ 36 ʩ 10 ʥʘʬʪʦʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ) ʠ ʧʨʠʨʦʜʳ N-ʜʦʥʦʨʥʦʛʦ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ (QY = 20% ʜʣʷ ʢʦʤʧʣʝʢʩʘ 28ʩ 2,2ǋ-bpy ʧʨʦʪʠʚ QY = 25% ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ 29 ʩ 1,10-phen). ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʩʥʦʚʥʳʭ ʚʦʟʙʫʞʜʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩʦʩʪʘʚʣʷʣʠ 1.13-1.27 ʤʩ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʦʚ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩʚʷʟʘʥʳ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʫʧʘʢʦʚʢʦʡ, ʧʦʩʢʦʣʴʢʫ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʚʳʩʦʢʦʨʘʟʤʝʨʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʩʘʤʙʣʝʡ ʟʘ ʩʯʝʪ ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ 36, 28ʠ29ʧʨʠ 300 ʠ 10 

K ʥʝ ʚʳʷʚʠʣʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʣʠʥʠʡ, ʪʦ ʞʝ ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ ʦ ʚʨʝʤʝʥʘʭ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʦʥʠ ʩʦʧʦʩʪʘʚʠʤʳ. ʕʪʠ ʜʘʥʥʳʝ 
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ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʯʪʠ ʠʜʝʘʣʴʥʫʶ ʠʟʦʣʷʮʠʶ ʠʦʥʦʚ ʝʚʨʦʧʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʦʪ 

ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ Zn-Ln ʠ Cd-Ln ʩʦʝʜʠʥʝʥʠʷʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚʥʫʪʨʠ-ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʠ/ʠʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ 

ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʪʤʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [48, 57, 78, 119]. ɺʣʠʷʥʠʝ ʩʪʝʢʠʥʛ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʘʣʦ 

ʦʪʨʘʞʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ.

ɺ ʨʘʙʦʪʘʭ [13, 48] ʧʦ ʪʨʝʭʲʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ Zn2Eu(NO3)(piv)6(L)2 ʠ 

Zn2Ln(piv)7(L)2 ʠʟʫʯʝʥʳ ʬʦʪʦʣʶʤʠʥʩʮʝʥʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʦʝ 

ʨʘʩʩʪʦʷʥʠʝ (> 6 ¡) ʤʝʞʜʫ ʠʦʥʦʤ ʣʘʥʪʘʥʠʜʘ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ (py, 2,2ǋ-bpy) ʠ 

ʘʣʠʬʘʪʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʝ ʩʣʘʙʦ ʫʩʠʣʠʚʘʝʪ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʣʘʥʪʘʥʠʜʘ. ʅʘʧʨʠʤʝʨ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ 

Zn2Eu(NO3)(piv)6(2,2ǋ-bpy)2ʩʣʘʙʝʝ, ʯʝʤ ʜʣʷ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Eu2(piv)6(2,2ǋ-bpy)2. 

ɼʣʷ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ Cd-Ln ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʦʙʣʘʩʪʷʭ ʋʌ, ʚʠʜʠʤʦʛʦ ʠ ʙʣʠʞʥʝʛʦ ʀʂ ʠʟʣʫʯʝʥʠʡ. ɺ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʦʚ-ʘʥʪʝʥʥ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ ʠ ʨʘʟʣʠʯʥʳʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ: 4-ʤʝʪʦʢʩʠʙʝʥʟʦʡʥʘʷ (E(T1) = 34014 ʩʤ
-1 [33]), ʧ-ʪʦʣʫʦʣʢʘʨʙʦʥʦʚʘʷ, 

ʧ-ʭʣʦʨʙʝʥʟʦʡʥʘʷ ʠ ʙʝʥʟʦʡʥʘʷ (E(T1) = 32258 ʩʤ
-1 [34]). ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʳʭ 

ʫʨʦʚʥʝʡ ʵʪʠʭ ʢʠʩʣʦʪ ʣʝʞʘʪ ʚʳʰʝ ʠʥʪʝʨʚʘʣʘ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ, ʦʜʥʘʢʦ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʥʘ ʠʦʥ ʣʘʥʪʘʥʠʜʘ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʫʯʘʩʪʠʝʤ d-ʙʣʦʢʘ. ʕʥʝʨʛʠʶ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ d-ʙʣʦʢʘ ʘʚʪʦʨʳ ʨʘʙʦʪ 

[33] ʠ [34] ʦʮʝʥʠʣʠ ʚ 23500 ʠ 24390 ʩʤ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝʪ ʜʘʥʥʳʭ ʦ 

ʢʚʘʥʪʦʚʳʭ ʚʳʭʦʜʘʭ ʚ Cd-Ln ʢʦʤʧʣʝʢʩʘʭ, ʦʜʥʘʢʦ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ [31, 33, 34] ʦʙ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩ ʣʠʛʘʥʜʦʚ ʠ d-ʙʣʦʢʘ ʥʘ ʠʦʥ ʣʘʥʪʘʥʠʜʘ ʧʦ ʦʪʩʫʪʩʪʚʠʶ ʚ 

ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʧʦʣʦʩ, ʦʪʚʝʯʘʶʱʠʭ ʩʦʙʩʪʚʝʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʠʛʘʥʜʦʚ ʠʣʠ d-ʙʣʦʢʘ 

(LLCT ʠ LMCT ʧʦʣʦʩʳ).ʆʪʩʫʪʩʪʚʠʝ ʧʦʣʦʩ, ʦʪʚʝʯʘʶʱʠʭ LLCT ʠ LMCT, ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ 

ʚ ʙʠʷʜʝʨʥʳʭ Cd-Ln ʢʦʤʧʣʝʢʩʘʭ 3ĀEu, 3ĀTb ʠ ʪʨʝʭʲʷʜʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ 11ĀEu, ʜʣʷ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ LnIII ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʧʦʣʦʩʳ ʚ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ3ĀSm, 3ĀEu, 3ĀTb (ʙʠʷʜʝʨʥʳʝ), 11ĀEu

(ʪʨʝʭʲʷʜʝʨʥʳʡ)ʠ ʪʝʪʨʘʷʜʝʨʥʝʭ 42ĀSmʠ 42ĀPr. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʙʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ

3ĀLn (Ln = Nd, Ho, Er), 4ĀEr, ʪʝʨʘʷʜʝʨʥʳʭ42ĀNd, 42ĀPr, 43ĀHo ʠ ʧʝʥʪʘʷʜʝʨʥʦʛʦ 44ĀHo

ʭʘʨʘʢʪʝʨʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ Cd-Ln

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪ ʚʣʠʷʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ 
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ʚʚʝʜʝʥʠʷ ʠʦʥʘ d-ʤʝʪʘʣʣʘ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʦʥʘ LnIII, ʢʦʪʦʨʳʡ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʩʤʝʱʝʥʠʠ, ʨʘʩʱʝʧʣʝʥʠʠ ʠ ʫʰʠʨʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʚ ʀʂ ʜʠʘʧʘʟʦʥʝ 

ʠ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ [34].

M-Ln ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʠʦʥʳ 4f-ʤʝʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʥʠʟʦʪʨʦʧʥʳʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʵʬʬʝʢʪʦʚ. ʅʘʣʠʯʠʝ 

ʚʳʩʦʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠʦʥʘ ʤʝʪʘʣʣʘ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʘʭ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʩʧʨʦʟʠʷ(III), ʪʝʨʙʠʷ(III), ʠʪʪʝʨʙʠʷ(III) ʠ ʜʨ., ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʤʦʣʝʢʫʣʳ ʤʘʛʥʠʪʳ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʙʘʨʴʝʨʘ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʙʣʦʢʠʨʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ[51, 95]. ʅʦ ʢ ʩʦʞʘʣʝʥʠʶ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚʳʰʝʦʧʠʩʘʥʥʳʭ M-Ln ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʦʣʴʢʦ ʤʘʛʥʠʪʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʪʝʪʨʘʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 32, 20ʠ 26 [38ï40]. ʄʘʛʥʠʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 20 ʠ 26 ʦʙʫʩʣʦʚʣʝʥʦ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ, 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʠʦʥʦʚ ʠʪʪʝʨʙʠʷ(III). ɼʣʷ 32, ʩʦʜʝʨʞʘʱʝʛʦ ʠʟʦʪʨʦʧʥʳʡ ʛʘʜʦʣʠʥʠʷ(III), ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʦʚ ʚʳʷʚʣʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʚ ʜʠʤʝʨʥʦʤ ʬʨʘʛʤʝʥʪʝ (JGdGd= -0.042 ʩʤ-1; g = 2.0). 

ɺʝʣʠʯʠʥʘ ʦʙʤʝʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ JGdGdʩʦʧʦʩʪʘʚʠʤʘ ʩ ʦʙʤʝʥʘʤʠ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʢʦʤʧʣʝʢʩʝ 

[Gd(OAc)2(1,10-phen)]2 (J = ï0.045 ʩʤ-1ʠ g = 2.0).

1.2. ʄʝʜʴ-ʣʘʥʪʘʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʘʥʠʦʥʘʤʠ

ɼʣʷ ʢʘʨʙʦʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʠʦʥʳ ʤʝʜʠ(II) ʠ 

ʣʘʥʪʘʥʠʜʦʚ(III), ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʘʥʘʣʦʛʠʶ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤʠ Zn-Lnʩʦʝʜʠʥʝʥʠʷʤʠ. ɼʣʷ 

Cu-Ln ʩʦʝʜʠʥʝʥʠʡ ʠʟʚʝʩʪʥʳ ʩʭʦʞʠʝ ʠ ʠʟʦʤʦʨʬʥʳʝ ʙʠ-, ʪʨʝʭʲ- ʠ ʪʝʪʨʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʣʠʥʝʡʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʥʦ ʚʩʝ ʞʝ ʭʠʤʠʷ Cu-Ln ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʘ, ʯʝʤ ʜʣʷ Zn-Ln ʠ Cd-Ln ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʤʦʞʥʦ ʩʚʷʟʳʚʘʥʠʝ ʠʦʥʦʚ 

ʛʝʪʝʨʦʤʝʪʘʣʣʦʚ ʦʜʥʠʤ, ʜʚʫʤʷ, ʪʨʝʤʷ ʠ ʯʝʪʳʨʴʤʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʤʦʩʪʠʢʘʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʩʪʠʢʦʚʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʣʠʛʘʥʜʘ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʥʘ ʠʦʥʝ ʤʝʜʠ(II). ʊʘʢʞʝ ʩʚʷʟʳʚʘʥʠʝ ʠʦʥʦʚ ʤʝʜʠ ʠ ʣʘʥʪʘʥʠʜʘ ʚʦʟʤʦʞʥʦ 

ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʫʶ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʫ ʠʣʠ ʤʦʣʝʢʫʣʫ ʚʦʜʳ, ʯʝʛʦ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ Zn-Ln ʠ 

Cd-Ln ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʚʳʩʦʢʦʡ ʷʜʝʨʥʦʩʪʠ.

1.2.1. ɹʠʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ Cu-Ln ʢʦʤʧʣʝʢʩʳ

ʉʪʨʫʢʪʫʨʥʳʝ ʘʥʘʣʦʛʠ ʙʠʷʜʝʨʥʳʭ Zn-Ln ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ Cu-Ln

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [CuLn(Piv)5(2,2ǋ-bpy)(HPiv)] (48ĀLn , Ln = Sm, Gd) [88] ʠ
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[DyCu(H2O)(phen)(O2CR)5] (49ĀDy, O2CR = ʤ-ʤʝʪʠʣʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ) [78], ʧʦʣʫʯʝʥʥʳʤʠ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʤʝʜʠ ʠ ʣʘʥʪʘʥʠʜʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ 2,2ǋ-bpy ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʨʝʜʝ (ʘʮʝʪʦʥʠʪʨʠʣ, 60ÁC) ʜʣʷ 48ĀLn ʣʠʙʦ 

ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʤ ʩʠʥʪʝʟʦʤ ʩʤʝʩʠ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ, ʤ-ʤʝʪʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ (Cu : Dy : mbH : Phen = 1 : 1 : 5 : 1) ʚ ʩʨʝʜʝ NaOH (pH = 6) ʚ ʩʤʝʩʠ ʚʦʜʘ-

ʤʝʪʘʥʦʣ ʜʣʷ 49ĀDy. ɺ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʳ ʪʨʝʤʷ 

ʤʦʩʪʠʢʦʚʳʤʠ/ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʨʠʩ. 9, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1). ʉʚʷʟʳʚʘʥʠʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʯʝʪʚʝʨʪʦʡ ʤʦʩʪʠʢʦʚʦʡ ʛʨʫʧʧʦʡ ʧʨʝʧʷʪʩʪʚʫʝʪʭʝʣʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ 

ʤʦʣʝʢʫʣʳ 2,2ǋ-bpy ʠʣʠ 1,10-phen ʥʘ ʠʦʥʝ ʤʝʜʠ(II). ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʘ 

ʣʘʥʪʘʥʠʜʘ (ʂʏ = 8) ʜʦʩʪʨʘʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ ʤʦʥʦʜʝʥʪʘʪʥʳʭ ʠ ʭʝʣʘʪʥʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʘʥʠʦʥʦʚ ʠ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʪʳ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 48ĀLn ʠ ʟʘ ʩʯʝʪ ʜʚʫʭ ʭʝʣʘʪʥʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪ ʘʥʠʦʥʦʚ ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʩʦʝʜʠʥʝʥʠʠ 49ĀDy. 

a
ʙ

ʈʠʩʫʥʦʢ 9.ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 48ĀGd (ʘ) ʠ 49ĀDy (ʙ).

ʊʘʙʣʠʮʘ 1.ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʚ ʙʠʷʜʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ 48ĀGd ʠ 49ĀDy.

LnïOOCR CuïOOCR CuïN Ln..Cu

49ĀDy [78] 2.270 ï2.463 1.929ï2.033 2.016- 2.177 3.876

48ĀGd [88] 2.304ï2.480 1.915 ï2.247 1.971 - 2.050 3.819

ʀʟʚʝʩʪʥʳ ʠ ʪʝʪʨʘʢʘʨʙʦʢʩʠʣʘʪʥʦʩʚʷʟʘʥʥʳʝ Cu-Ln ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʚʩʝ ʯʝʪʳʨʝ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ ʤʦʩʪʠʢʦʚʳʝ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʧʠʢʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʠʦʥʘʭ ʤʝʜʠ 
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ʤʦʛʫʪ ʙʳʪʴ ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʠʣʠ ʭʣʦʨ-ʘʥʠʦʥ: [CuLn(O2CR)5(H2O)5][ClO4]52H2O (50ĀLn , O2CR

= ʧʠʨʠʜʠʥʠʫʤ-1-ʘʮʝʪʘʪ, Ln = La, Nd)[130] ʠ [CuGd(O2CRǋ)4(H2O)5Cl] (51ĀLn , O2CRǋ= 

ʪʝʪʨʘʟʦʣ-1-ʘʮʝʪʘʪ; Ln = Gd, Nd) [60] (ʩʭʝʤʘ 1, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2). ʆʢʨʫʞʝʥʠʝ ʠʦʥʘ ʤʝʜʠ(II) ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʝ, ʛʜʝ ʘʪʦʤʳ O ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ, ʘ ʤʦʣʝʢʫʣʘ ʚʦʜʳ (50ĀLn) ʠʣʠ ʭʣʦʨ-ʘʥʠʦʥ (51ĀLn ) ïʚ ʚʝʨʰʠʥʝ 

ʧʠʨʘʤʠʜʳ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʜʦʩʪʨʘʠʚʘʝʪʩʷ ʜʦ ʂʏ = 9 ʟʘ ʩʯʝʪ 

ʢʦʦʨʜʠʥʘʮʠʠ 4 ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʘʥʠʦʥʘ ʜʣʷ 50ĀLn, ʠʣʠ 5 ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ 

ʜʣʷ 51ĀLn. ʇʨʠʩʫʪʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʣʘʥʪʘʥʠʜʦʚ 

ʦʙʫʩʣʦʚʣʝʥʦ ʫʩʣʦʚʠʷʤʠ ʩʠʥʪʝʟʘ: ʨʝʘʢʮʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʠʩʣʦʪʘʤʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ (ʩʭʝʤʘ 1).

ʉʭʝʤʘ 1. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 50ĀLn ʠ 51ĀLn.

50ĀLn     51ĀLn

ʊʘʙʣʠʮʘ 2.ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʚ ʙʠʷʜʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ 50ĀLn ʠ51ĀLn .

LnïOOCR CuïOOCR Ln..Cu

50ĀLa [130]2.482 ï2.630 1.931 ï1.997; 2.233 (OH2) 3.764

50ĀNd [130]2.416 ï2.543 1.9174 ï1.964; 2.227 (OH2) 3.704

51ĀGd [60] 2.421 ï2.615 1.966 3.777

51ĀNd [60] 2.479 ï2.621 1.969 3.806
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ɹʠʷʜʝʨʥʳʝ Cu-Ln ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. 

ʆʮʝʥʠʪʴ ʩʠʣʫ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʦʱʝ ʚʩʝʛʦ ʥʘ ʠʟʦʪʨʦʧʥʳʭ ʠʦʥʘʭ, ʪ.ʝ. ʥʘ 

ʢʦʤʧʣʝʢʩʘʭ ʤʝʜʴ-ʛʘʜʦʣʠʥʠʡ. ʇʦ ʜʘʥʥʳʤ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʤʦʣʝʢʫʣʝ 51ĀGd

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʘʙʳʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ (gGd = 1.99, gCu = 2.03, JCuGd = -0.37 cm-1) [60]. ʅʘ ʢʨʠʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ 51ĀNd ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʜʣʷ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʠʦʥʦʚ, ʘʚʪʦʨʳ [60] ʩʚʷʟʳʚʘʶʪ ʵʪʦ ʩ ʵʬʬʝʢʪʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʠʦʥʘ Nd, ʦʪʥʦʩʘʷʱʝʛʦʩʷ ʢ ʢʨʘʤʝʨʦʚʩʢʦʤʫ ʪʠʧʫ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 49ĀDy ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʟʥʘʯʝʥʠʷ ɢʄʊ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʧʣʦʪʴ ʜʦ 2.0 ʂ. ʉʨʘʚʥʠʚʘʷ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ CuDyʠ ZnDy ʢʦʤʧʣʝʢʩʦʚ, ʘʚʪʦʨʳ [78] ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ ʤʝʞʜʫ 

ʠʦʥʘʤʠ ʤʝʜʠ(II) ʠ ʜʠʩʧʨʦʟʠʷ(III) ʩʠʣʴʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ 

ʪʠʧʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʚʦʠʭ Zn-, Ni-, ʠ Fe-Ln ʠʟʦʤʦʨʬʥʳʭ ʘʥʘʣʦʛʦʚ (ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [78]), ʚ ʩʦʝʜʠʥʝʥʠʠ 49ĀDy ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 2 KOe 

ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʳʡ ʩʠʛʥʘʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 2.61 K (ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 1-10 

kHz), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʠʤ ʩʚʦʡʩʪʚ SMM. ʆʜʥʘʢʦ ʵʪʦʪ ʵʬʬʝʢʪ ʧʦʜʘʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʘʤʠ ʢʚʘʥʪʦʚʦʛʦ ʪʫʥʝʣʣʠʨʦʚʘʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (QTM). 

1.2.2. ʊʨʝʭʲʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ Cu-Ln ʢʦʤʧʣʝʢʩʳ

ʊʨʝʭʲʷʜʝʨʥʳʝ Cu-Ln ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʪʠʧʘʤʠ ʢʦʤʧʣʝʢʩʦʚ:

[Cu2Gd(Piv)6(NO3)(2,2ǋ-bpy)2] (52ĀLn , Ln = Eu, Gd) ʠ (Bu4N)+[Cu2Ln(Piv)8]
- (53ĀLn , Ln = Eu, 

Gd) [16]. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʝʜʝʥ ʥʘ ʩʭʝʤʝ 2: ʩʦʝʜʠʥʝʥʠʷ53ĀLn ʠ 52ĀLn ʧʦʣʫʯʝʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʠʚʘʣʘʪʘ ʤʝʜʠ (Cu2(Piv)4(HPiv)2) ʠ ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʠʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

NBu4OHʠʣʠ 2,2ǋ-bpy, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.
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ʉʭʝʤʘ 2. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 52ĀLn (ʩʣʝʚʘ) ʠ 53ĀLn (ʩʧʨʘʚʘ).

ʊʘʙʣʠʮʘ 3.ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʚ ʪʨʝʭʲʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ. 

LnïOOCR CuïOOCR CuïN Ln..Cu

52ĀGd [16] 2.306 ï2.356;

2.548 (ONO2)

1.921ï2.014 2.000ï2.188 3.813

53ĀEu [16] 2.332 ï2.422 1.895 ï1.920 - 3.355; 3.360

ʂʦʤʧʣʝʢʩʳ52ĀLn ʤʦʞʥʦʨʘʩʩʤʘʪʨʠʚʘʪʴʢʘʢʧʨʦʠʟʚʦʜʥʳʝʚʳʰʝʦʧʠʩʘʥʥʦʛʦ

ʙʠʷʜʝʨʥʦʛʦʩʦʝʜʠʥʝʥʠʷ49ĀLn , ʧʦʩʢʦʣʴʢʫʚʥʠʭʙʠʷʜʝʨʥʳʡʬʨʘʛʤʝʥʪ{CuLn(Piv)3(2,2ǋ-bpy)} 

ʥʘʨʘʱʝʥʜʦʪʨʝʭʲʷʜʝʨʥʦʛʦʩʠʤʤʝʪʨʠʯʥʳʤʩʚʷʟʳʚʘʥʠʝʤʩʘʪʦʤʦʤʣʘʥʪʘʥʠʜʘʝʱʝʦʜʥʦʛʦ

ʘʪʦʤʘʤʝʜʠ(II). ʂʘʢʠʚ49ĀLn ʘʪʦʤʤrʝʜʠʥʘʭʦʜʷʪʩʷʚʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʤ

ʦʢʨʫʞʝʥʠʠ, ʘʂʏʣʘʥʪʘʥʠʜʘʩʦʦʪʚʝʪʩʪʚʫʝʪ8 ʠʜʦʧʦʣʥʷʪʩʷʭʝʣʘʪʥʦʡʢʦʦʨʜʠʥʘʮʠʝʡNO3-

ʛʨʫʧʧʳ. 

ʉʪʨʦʝʥʠʝʩʦʝʜʠʥʝʥʠʡ53ĀLn ʘʥʘʣʦʛʠʯʥʦʚʳʰʝʦʧʠʩʘʥʥʳʤʙʠʷʜʝʨʥʳʤʢʦʤʧʣʝʢʩʘʤ

50ĀLn ʠ51ĀLn : ʮʝʥʪʨʘʣʴʥʳʡʘʪʦʤʣʘʥʪʘʥʠʜʘʩʠʤʤʝʪʨʠʯʥʦʩʚʷʟʘʥʩʢʘʞʜʳʤʘʪʦʤʦʤʤʝʜʠ

ʯʝʪʳʨʴʤʷʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠʤʦʩʪʘʤʠ, ʧʨʠɻʪʦʤʦʢʨʫʞʝʥʠʝʘʪʦʤʘʣʘʥʪʘʥʠʜʘʙʣʠʟʢʦʢ

ʘʥʪʠʧʨʠʟʤʝ, ʘʦʢʨʫʞʝʥʠʝʤʝʜʠïʧʣʦʩʢʠʡʢʚʘʜʨʘʪ. ɸʥʠʦʥʥʳʡʬʨʘʛʤʝʥʪ[Cu2Ln(Piv)8]
-

ʢʦʤʧʝʥʩʠʨʦʚʘʥʚʥʝʰʥʝʩʬʝʨʥʳʤʢʘʪʠʦʥʦʤNBu4
+. 
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ɼʣ C̫u-Gd ʪʨʝʭʲʷʜʝʨʥʳʭʩʦʝʜʠʥʝʥʠʡ52ĀGd ʠ 53ĀGd ʚʳʧʦʣʥʝʥʳʤʘʛʥʠʪʥʳʝ

ʠʟʤʝʨʝʥʠʷʠʧʦʢʘʟʘʥʦ, ʯʪʦʚʦʙʦʠʭʢʦʤʧʣʝʢʩʘʭʨʝʘʣʠʟʫʶʪʩʷʬʝʨʨʦʤʘʛʥʠʪʥʳʝʦʙʤʝʥʥʳʝ

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʝʞʜʫʠʦʥʘʤʠʤʝʜʠ(II) ʠʛʘʜʦʣʠʥʠʷ(III ): J(CuðGd) = 0.32 ʩʤï1ʜʣ5̫2ĀGd, 

J(CuðGd) = 0.23 ʩʤï1 ʜʣ5̫3ĀGd. ɸʥʘʣʠʟʤʘʛʥʠʪʥʳʭʭʘʨʘʢʪʝʨʠʩʪʠʢʠʩʧʝʢʪʨʦʚʕʇʈ

ʢʦʤʧʣʝʢʩʘ52ĀEu ʧʦʢʘʟʘʣ, ʯʪʦʧʘʨʘʤʘʛʥʠʪʥʳʝʠʦʥʤrʝʜʠ(II) ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪʜʨʫʛʩ

ʜʨʫʛʦʤ, ʧʦʩʢʦʣʴʢʫʨʘʩʧʦʣʘʛʘʶʪʩʷʥʘʜʦʚʦʣʴʥʦʙʦʣʴʰʦʤʨʘʩʩʪʦʷʥʠʠʜʨʫʛʦʪʜʨʫʛʘ(CuéCu

7.443 ¡).

1.2.3. ʊʝʪʨʘʷʜʝʨʥʳʝʢʘʨʙʦʢʩʠʣʘʪʥʳʝCu-Ln ʢʦʤʧʣʝʢʩʳ

ʊʝʪʨʘʷʜʝʨʥʳʝʩʦʝʜʠʥʝʥʠʷʧʨʝʜʩʪʘʚʣʝʥʳʜʚʫʤʪ̫ʠʧʘʤʠʩʪʨʫʢʪʫʨ: ʣʠʥʝʡʥʳʝ, ʚ

ʢʦʪʦʨʳʭʘʪʦʤʳʤʝʪʘʣʣʦʚ ʧʦʦʯʝʨʝʜʥʦ ʩʚʷʟʘʥʳ ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʠ 

ʨʦʤʙʠʯʝʩʢʠʝ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʠʩʢʘʞʝʥʥʦʛʦ ʨʦʤʙʘ ʠ 

ʩʚʷʟʘʥʳ ʧʦ ʧʝʨʠʬʝʨʠʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʘ ʪʨʝʫʛʦʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʮʝʥʪʨʠʨʦʚʘʥʳ OH-ʛʨʫʧʧʘʤʠ. 

ɺ ʣʠʥʝʡʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [CuLn(O2CR)5(RǋOH)(phen)]2 (HO2CR = Ŭ-ʤʝʪʠʣʘʢʨʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ, phen= 1,10-ʬʝʥʘʥʪʨʦʣʠʥ, Rǋ= Et ʜʣʷ Ln = La (54ĀLa, [120]) ʠ Nd(54ĀNd, [124]), Rǋ

= H ʜʣʷ Ln = Tb(55ĀTb, [122])) ʠ [CuDy(O2CR)5(1,10-phen)]2 (O2CR = O2C-C6H4CF3, 56ĀDy, 

[109]) ʮʝʥʪʨʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʘʪʦʤʳ ʣʘʥʪʘʥʠʜʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʢʨʫʞʝʥ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 6-7 ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ, ʂʏ ʨʘʚʥʦ 8-9 (ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʘ ʢʦʦʨʜʠʥʘʮʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʣʠ ʩʧʠʨʪʘ, ʥʘʧʨʠʤʝʨ, [CuLn(O2CR)5(RǋOH)(phen)]2), ʘ 

ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʪʦʤʳ ʤʝʜʠ ʩʚʷʟʘʥʳ ʩ ʙʠʷʜʝʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ {Ln2(O2CR)10} ʤʦʩʪʠʢʦʚʳʤʠ 

ʠ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ 

ʤʝʜʠ ʜʦʩʪʨʘʠʚʘʝʪʩʷ ʜʦ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ ʟʘ ʩʯʝʪ ʭʝʣʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʨʘʩʪʚʦʨʝ phen (ʩʭʝʤʘ 3). ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʳ ʚʠʜʥʦ, ʯʪʦ ʵʪʠ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭʩʦʣʝʡ ʤʝʜʠ ʠ ʢʘʨʙʦʢʩʠʣʘʪʘ ʠʣʠ ʦʢʩʠʜʘ 

ʣʘʥʪʘʥʠʜʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʢʠʩʣʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʜʦʙʘʚʣʝʥʠʝʤ phen ʚ ʚʠʜʝ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʝʘʛʝʥʪʦʚ ʧʨʦʪʝʢʘʝʪʚ ʫʩʣʦʚʠʷʭ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ (160 ʦʉ, 48 ʯ, H2O).
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ʉʭʝʤʘ 3. ʋʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 54ĀLn, 55ĀTb (ʩʣʝʚʘ) ʠ 56ĀLn (ʩʧʨʘʚʘ).

  

ʊʘʙʣʠʮʘ 4.ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʚ ʪʝʪʨʘʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʣʠʥʝʡʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

LnïO CuïOOCR CuïN Ln..Cu / Ln..Ln

55ĀTb [122] 2.282ï2.496 1.920ï2.010 1.998ï2.224 3.906/ 4.602

54ĀLa [120] 2.430ï2.617 1.938ï2.013 2.030ï2.231 3.999/ 4.469

59ĀLa [27] 2.473ï2.682 1.936ï2.245 - 3.802/ 5.683

59ĀCe [27] 2.444ï2.672 1.928ï2.237 - 3.777/ 5.641

58ĀGd [27] 2.315ï2.416 1.918ï2.342 - 3.594/ 4.542

58ĀSm [27] 2.380ï2.472 1.943ï2.384 - 3.656/ 4.603

54ĀNd [124]2.369ï2.560 1.933ï2.011 2.032ï2.228 3.952 / 4.542

60ĀDy [108]2.295ï2.542 1.923ï1.928 1.991ï1.993 4.039 / 4.062

56ĀDy [109]2.296ï2.592 1.923ï2.435 2.011ï2.018 3.893 / 3.914

ʊʘʢ ʞʝ ʠʟʚʝʩʪʥʳ ʪʝʪʨʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʠʥʝʡʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩ ʘʥʠʦʥʘʤʠ ʜʨʫʛʠʭ 

ʢʠʩʣʦʪ ïʙʝʪʘʠʥʦʤ (bet) ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʷ ʧʨʦʧʠʦʥʘʪʦʤ (tppp). ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʝ 

ʩʦʜʝʨʞʘʪ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ, ʘ ʚ ʢʦʤʧʣʝʢʩʘʭ [Cu2Ln2(tppp)8(H2O)8](ClO4)10Ŀ2H2O (57ĀLn, 

Ln = EuIII , NdIII ʠʣʠ CeIII , tppp = Ph3P
+CH2CH2CO2

ï) ʮʝʥʪʨʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʟʘʥʠʤʘʶʪ ʠʦʥʳ 

ʤʝʜʠ, ʘ ʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʧʝʨʠʬʝʨʠʠ, ʦʙʨʘʟʫʷ ʤʝʪʘʣʣʦʦʩʪʦʚ Ln..Cu..Cu..Ln (ʨʠʩ. 

10). ʉʦʝʜʠʥʝʥʠʷ 57ĀLn ʧʦʣʫʯʘʣʠ ʨʝʘʢʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ ʩ tpppHʚ 

ʚʦʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaClO4ʧʨʠ pH = 4 [127].ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʘʣʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʙʝʪʘʠʥʦʤ. 

ɺʘʨʴʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʘ 
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[Cu2Ln2(bet)10(H2O)8](ClO4)10Ā2H2O (58ĀLn , Ln = LaIII , CeIII ʠʣʠ GdIII; bet = ʙʝʪʘʠʥ ʠ 

[Cu2Ln2(bet)12(ClO4)2](ClO4)8 (59ĀLn , Ln = GdIII ʠʣʠ SmIII) [27]. ʇʦ ʜʘʥʥʳʤ 

ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 58ĀLa (C = 0.946 K cm3 molī1ʠ ɗ = -5.29 K), 

58ĀGd (C = 16.00 cm3 molī1ʠ ɗ = -0.388 K) ʠ 59ĀGd(ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʜʝʥʪʠʯʥʳ 

58ĀGd) ʥʘʙʣʶʜʘʶʪʩʷ ʦʯʝʥʴ ʩʣʘʙʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ.

  ʈʠʩʫʥʦʢ 10.ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 57ĀCe.

ʊʘʙʣʠʮʘ 5.ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʚ ʪʝʪʨʘʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ 57ĀLn .

Ln-O Cu-OOCR Ln..Cu / 

Cu..Cu

57ĀEu [127]2.307 ï2.426 1.929 ï2.260 3.526 / 3.323

57ĀNd [127]2.344 ï2.482 1.929ï2.262 3.557 / 3.321

57ĀCe [127]2.435ï2.562 1.966ï2.325 3.687 / 3.385

ʀʟʚʝʩʪʥʦ ʝʱʝ ʦʜʥʦ ʪʝʪʨʘʷʜʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 56ĀDy [109], ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʦ 

ʥʘʣʠʯʠʝ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʠʦʥʘʤʠ ʛʝʪʝʨʦʤʝʪʘʣʣʦʚ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʧʝʨʝʤʝʥʥʦʤ ʧʦʣʝ (ʜʘʞʝ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ) ʚʳʷʚʠʣʦ 

ʥʘʣʠʯʠʝ ʚʥʝ-ʬʘʟʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʦʢʦʣʦ 1.8 ʂ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʦʷʚʣʝʥʠʠ ʵʪʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩʚʦʡʩʪʚ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʛʥʠʪʘ (SMM). ɸʥʘʣʦʛʠʯʥʦʝ 

ʩʪʨʦʝʥʠʝ ʠʤʝʝʪ ʩʦʝʜʠʥʝʥʠʝ [Cu2Dy2(O2CR)10(2,2ǋ-bpy)2] (60ĀDy) [108], ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ ʚʳʩʪʫʧʘʝʪ 3,5-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʘʪ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʭʝʣʘʪʠʨʫʶʱʝʛʦ 

N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ ï2,2ǋ-ʙʠʧʠʨʠʜʠʣ. ɸʚʪʦʨʳ ʩʪʘʪʴʠ [108] ʥʝ ʧʨʠʚʝʣʠ ʧʦʜʨʦʙʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʥʦ ʠʤʝʶʱʝʝʩʷ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʭʦʜʘ, ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʨʠʠʤʝʥʝʥʥʦʤʫ ʧʨʠ ʩʠʥʪʝʟʝ 56ĀDy [109]. ɺ 

ʩʦʝʜʠʥʝʥʠʠ 60ĀDyʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʚ ʩʦʝʜʠʥʝʥʠʠ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʝʜʣʝʥʥʫʶ ʤʘʛʥʠʪʥʫʶ 

ʨʝʣʘʢʩʘʮʠʶ ʩʦʝʜʠʥʝʥʠʷ, ʤʘʢʩʠʤʫʤʳ ɢǋʠ ɢǋǋʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʠʞʝ 1.8 

ʂ, ʧʦʵʪʦʤʫ ʨʘʩʯʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ (Ueff) ʠ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ (Ű0) ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʣʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʩʪʘʙʠʣʠʟʘʮʠʠ ʣʠʥʝʡʥʦʛʦ ʪʝʪʨʘʷʜʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ ʨʘʙʦʪʝ [56] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʘʥʠʦʥʘ 

1,1-ʮʠʢʣʦʛʝʢʩʘʥʜʠʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ (Chda2-) ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

[Cu2(Piv)4(HPiv)2], [Ln2(Piv)6(HPiv)7] (Ln = Gd, Sm) ʠ 2,2ǋ-bpy, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʪʝʪʨʘʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [Ln2Cu2(2,2ǋ-bpy)2(Chda)2(Piv)6] (61ĀLn , Ln = Sm, Gd). 

ʄʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ 61ĀGdʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʞʜʫ ʛʝʪʝʨʦʤʝʪʘʣʣʘʤʠ 

ʨʝʘʣʠʟʫʶʪʩʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (JCuGd= -0.25 ʩʤ-1).

ʊʝʪʨʘʷʜʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʨʦʤʙʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʝʨʠʝʡ ʩʦʝʜʠʥʝʥʠʡ [CuII
2LnIII

2(ɛ
3-OH)2(O2C

tBu)10][
iPr2NH2]2 (62ĀLn : LnIII = Gd, Dy, Ho ʠ Er, 

ʨʠʩ. 11, ʪʘʙʣ. 247) [86], ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ 

ʧʠʚʘʣʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʠ iPr2NH. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʘ 62ĀGd ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤʠ ʠʦʥʘʤʠ ʤʝʜʠ(II) 

ʨʝʘʣʠʟʫʶʪʩʷ ʩʠʣʴʥʳʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (J = -178 ʩʤ-1), ʘ 

ʦʙʤʝʥʳ ʤʝʞʜʫ ʠʦʥʘʤʠ ʛʝʪʝʨʦʤʝʪʘʣʣʦʚ ʠʤʝʶʪ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʭʘʨʘʢʪʝʨ (J= 13 ʩʤ-1), ʯʪʦ 

ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʣʠʥʝʡʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʤʝʥʥʦʛʦ ʢʘʥʘʣʘ ʤʝʞʜʫ ʠʦʥʘʤʠ ʛʝʪʝʨʦʤʝʪʘʣʣʦʚ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʦʙʤʝʥ 

ʩʦʚʝʨʰʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʯʝʨʝʟ OH-ʛʨʫʧʧʫ, ʘ ʥʝ ʯʝʨʝʟ ʙʦʣʝʝ çʜʣʠʥʥʫʶè ʢʘʨʙʦʢʩʠʣʘʪʥʫʶ. 

ʈʠʩʫʥʦʢ 11.ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 62ĀDy.
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ʊʘʙʣʠʮʘ 6.ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʚ ʪʝʪʨʘʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʨʦʤʙʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ.

Ln-O Cu-OOCR / Cu-OH2 Ln..Cu / Cu..Cu

62ĀDy 

[86]

2.244ï2.477 1.945ï2.420/

1.978

3.480; 3.525 / 

3.048

62ĀGd 

[86]

2.340ï2.574 1.929ï1.932 /

1.975; 1.987

3.526; 3.531 / 

3.060

1.2.4. ʇʝʥʪʘʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ Cu-Ln ʢʦʤʧʣʝʢʩʳ

ʀʟʚʝʩʪʥʳʝ ʧʝʥʪʘʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʙʠʥʘʮʠʶ ʠʟ ʜʚʫʭ 

ʪʝʪʨʘʢʘʨʙʦʢʩʠʣʘʪʥʦʩʚʷʟʘʥʥʳʭ ʙʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ {CuLn(RCO2)4}, ʩʚʷʟʘʥʥʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤ ʤʦʩʪʠʢʦʤ ʩ ʤʦʥʦʷʜʝʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ {Cu(RCO2)2}. ʉʚʷʟʳʚʘʥʠʝ ʩ 

ʤʦʥʦʷʜʝʨʥʳʤ ʤʝʜʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʚʦʟʤʦʞʥʦ, ʢʘʢ ʯʝʨʝʟ ʠʦʥ ʣʘʥʪʘʥʠʜʘ, ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʩʦʝʜʠʥʝʥʠʡ [Cu3Ln2(ClCH2-CO2)12(H2O)8]Ŀ2H2O (65ĀGd, 63ĀLn , Ln = Gd, Dy, Ho, Nd, Yb [28, 

29, 41, 111, 115]ʠNd, Sm, Pr [115]), ʪʘʢʠʯʝʨʝʟʠʦʥʤʝʜʠ(II), ʢʘʢʚʩʣʫʯʘʝʢʦʤʧʣʝʢʩʘ

[Cu3Nd2(pyb)10(NO3)2(H2O)8][ClO4]10Ŀ4H2O (64ĀNd, pyb = ʧʠʨʠʜʠʥʠʫʤ-1-ʘʮʝʪʘʪ) [130]. ʕʪʠ

ʩʦʝʜʠʥʝʥʠʷʙʳʣʠʧʦʣʫʯʝʥʳʧʦʩʣʝʜʫʶʱʝʡʩʭʝʤʝ:

ʉʭʝʤʘ4.ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʠ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 63ĀLn (ʩʚʝʨʭʫ)ʠ 64ĀNd(ʩʥʠʟʫ).
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ʊʘʙʣʠʮʘ 7.ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʚ ʧʝʥʪʘʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ. 

LnïO CuïOOCR / CuïOH2 Ln..Cu / Cu..Cu

64ĀNd [130]2.393 ï2.637 1.946 / 2.154 3.649 / 3.837

63ĀYb [115]2.269ï2.388 1.936 ï1.984/ 2.193 3.505; 4.620; 5.797

65ĀGd [28] 2.324 ï2.451 1.956 ï1.978/ 2.201 3.563; 4.661

63ĀDy [115]2.297ï2.405 1.950 ï1.986/ 2.175 3.534; 4.621

63ĀHo [115]2.315 ï2.416 1.961 ï1.995/ 2.204 3.558; 4.666

63ĀNd [115]2.365 ï2.488 1.954 ï1.990/ 2.185 3.600; 4.654

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʚ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 64ĀNd

({ Nd3Cu2}) ʠ 50ĀNd ({ NdCu}) ʩʦʩʪʦʠʪ ʣʠʰʴ ʚ ʨʘʟʣʠʯʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ 

(pH= 3.0 ʜʣʷ 64ĀNdʠ pH= 2.5 ʜʣʷ 50ĀNd) [130].

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ [Cu3Ln2(ClCH2-CO2)12(H2O)8]Ŀ2H2O (63ĀLn , Ln = Nd, Sm, Pr) 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʝʪʦʜʦʤ ʕʇʈ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʜʠ(II) ʠ ʥʝʦʜʠʤʘ(III) ʚ ʜʠʤʝʨʥʦʤ 

ʬʨʘʛʤʝʥʪʝ {Cu(ClCH2-CO2)4Nd} ʨʝʘʣʠʟʫʶʪʩʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

J= 15(5) ʩʤ-1.  

1.2.2. ʇʦʣʠʤʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ Cu-Ln ʢʦʤʧʣʝʢʩʳ

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚʩʝʭ 

ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʙʠʷʜʝʨʥʳʡ ʬʨʘʛʤʝʥʪ {CuLn(O2CR)3}, ʢʦʪʦʨʳʡ, ʩʫʜʷ ʧʦ ʚʩʝʤʫ, 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʜʠʤʝʨʠʟʫʝʪʩʷ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʩʫʪʩʪʚʠʷ 

ʭʝʣʘʪʠʨʫʶʱʠʭ ʣʠʛʘʥʜʦʚ (2,2ǋ-bpy ʠʣʠ 1,10-phen). ɺ ʧʦʣʴʟʫ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʪʘʢʦʛʦ ʙʠʷʜʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʛʦʚʦʨʠʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 1D ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʩʦʩʪʘʚʘ 

[LnCu(RCO2)4(H2O)4]n(RCO2)n (66ĀLn : Ln = La, Ce, Eu, Gd; HO2CR = Ŭ-ʤʝʪʠʣʘʢʨʠʣʦʚʘʷ 

ʢʠʩʣʦʪʘ) [24] ʠ [GdCu(RCO2)4(H2O)4]n(NO3)n (67ĀGd; HO2CR = Ŭ-ʤʝʪʠʣʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ, 

ʨʠʩ. 12ʘ) [126]. ʊʘʢ ʞʝ ʠʟʚʝʩʪʝʥ 1Dʧʦʣʠʤʝʨ [CuLn2(O2CCCl3)8(H2O)4]n (68ĀLn : Ln = Nd, Gd, 

Sm, ʨʠʩ. 12ʙ), ʚ ʢʦʪʦʨʦʤ ʵʣʝʤʝʥʪʘʨʥʳʤ ʟʚʝʥʦʤ ʷʚʣʷʝʪʩʷ ʪʨʝʭʲʷʜʝʨʥʳʡ ʬʨʘʛʤʝʥʪ {CuLn2} 

[72, 75]. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʝʱʝ ʦʜʥʫ ʩʝʨʠʶ 1D ʧʦʣʠʤʝʨʦʚ [Cu2Ln2(O2CR)10(H2O)4Ā3H2O]n, 

(69ĀLn : Ln = Gd, Er [18] ʠ Ho [90], HO2CR = ʪʨʘʥʩ-2-ʙʫʪʝʥʦʚʘʷ ʢ-ʪʘ, ʨʠʩ. 12ʚ), ʚ ʢʦʪʦʨʳʭ 

ʯʝʨʝʜʫʶʪʩʷ ʙʠʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ {Cu2(O2CR)4} ʠ {Ln2(O2CR)6(H2O)4}. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ 

ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ 66ĀLn , 67ĀGd, 68ĀNdʠ 69ĀHoʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 8.
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ʉʦʝʜʠʥʝʥʠʝ 67ĀGd ʧʦʣʫʯʝʥʦ ʠʟ ʚʦʜʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʠʤʝʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʢ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ ʠ ʠʟʙʳʪʦʢ ʥʠʪʨʘʪʥʳʭ ʛʨʫʧʧ (Gd(RCO2)3 + 6 

Ln(NO3)3Ŀ6H2O + 2 Cu(NO3)2), ʩʦʝʜʠʥʝʥʠʷ 66ĀLn ʧʦʣʫʯʝʥʳ ʠʟ ʧʦʜʢʠʩʣʝʥʥʦʡ ʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ (pH = 4.1) ʚʦʜʥʦʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʠʪʨʘʪ-ʠʦʥʳ (Gd(RCO2)3 + 6 

Ln(NO3)3Ŀ6H2O + 2 Cu(NO3)2). ʉʦʝʜʠʥʝʥʠʷ 69ĀHo ʠ 70ĀLn ʧʦʣʫʯʝʥʳ ʚ ʩʭʦʞʠʭ ʨʝʘʢʮʠʷʭ 

Ho2(CO3)3ʠʣʠ Ln2O3,ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʘʮʝʪʘʪʦʤ ʤʝʜʠ(II) ʠ ʪʨʘʥʩ-2-ʙʫʪʝʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (Ln : Cu : RCO2H = 1 : 1 : 5; pH = 5). 

ʇʦ ʜʘʥʥʳʤ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 66ĀLn (Ln = La, Ce, Eu) 

[24] ʠ 68ĀSm [75] ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ, ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʜʣʷ Eu(III) ʠ Sm(III )) 

ʠ/ʠʣʠ ʵʬʬʝʢʪʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʦʝʜʠʥʝʥʠʷ 66ĀGd, 70ĀGd, 67ĀGd

[126] ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʘʢ ʘʥʪʠʬʝʨʨʦ, ʪʘʢ ʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ, ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʩʧʠʥ-ʩʧʠʥʦʚʳʭ ʦʙʤʝʥʦʚ ʜʣʷ 66ĀGd

ʩʦʦʪʚʝʪʩʪʚʫʶʪ JCu-Gd= 2.62 ʩʤ
-1 [24], ʜʣʷ 70ĀGd - JCu-Cu= -338 ʩʤ-1, JCu-Gd= 13.0 ʩʤ

-1, JGd-Gd= 

0.25 ʩʤ-1 [18].

ʊʘʙʣʠʮʘ 8.ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʚ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

LnïO CuïOOCR / CuïOH2 Ln..Cu / Ln..Ln // Cu..Cu

66ĀCe [24] 2.415 ï2.572 1.944 ï1.973 3.883 ï3.885

66ĀEu [24] 2.336 ï2.500 1.931 ï1.967 3.831 ï3.832

66ĀLa [24] 2.439 ï2.597 1.942 ï1.974 3.906 ï3.907

66ĀGd [24] 2.339 ï2.505 1.934 ï1.967 3.830 ï3.831

67ĀGd [126]2.299 ï2.460 1.899 ï1.978 3.764ï3.792

68ĀNd [72] 2.342 ï2.686 1.949 ï1.964 / 2.400 4.154; 4.173 / 4.380

69ĀHo [90] 2.316 ï2.788 1.938 ï2.215 4.488; 4.508 / 4.206 // 2.671

70ĀGd [18] 2.350 ï2.723 1.928 ï2.230 4.496; 4.517 / 4.203 // 2.644

70ĀEr [18] 2.300 ï2.827 1.931 ï2.222 4.486; 4.504 / 4.213 // 2.640
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ʈʠʩʫʥʦʢ 12.ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ 67ĀGd (ʘ), 68ĀNd (ʙ) ʠ 69ĀHo (ʚ).

1.2.5. ʇʦʣʠʷʜʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ Cu-Ln ʢʦʤʧʣʝʢʩʳ

ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʜʴ-ʣʘʥʪʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʩʦʢʦʡ ʷʜʝʨʥʦʩʪʠ (ʰʝʩʪʠ ʠ ʙʦʣʝʝ) ʩʦ 

ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ ʥʝʤʘʣʫʶ ʩʚʷʟʫʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʝ ʣʠʛʘʥʜʳ. ʊʘʢʫʶ ʨʦʣʴ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʢʘʢ ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʜʝʥʪʘʪʥʳʝ 

ʣʠʛʘʥʜʳ, ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʳ ʩ ʠʭ ʙʦʛʘʪʳʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʪʘʢ ʠ 

ʧʨʦʩʪʳʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝʠʦʥr, ʪʘʢʠʝ ʢʘʢ OH-, NO3
-, CO3

-, ClO4
-ʠ ʜʨ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʦʥʳ 

CO3
- ʩʧʦʩʦʙʥʳ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʦʦʨʜʠʥʘʮʠʠ, ʩʚʷʟʳʚʘʷ ʜʦ 9 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ[25].

ʉʦʝʜʠʥʝʥʠʷ [Cu4Ln8(OH)6(NO3)2(O2CCH2But)16(pdm)4] (71ĿLn , Ln = Gd, Tb, Dy, La; 

pdmH2 = ʧʠʨʠʜʠʥ-2,6-ʜʠʤʝʪʘʥʦʣ) [45], [Gd6Cu3(OH)(pdm)3(O2CtBu)9(CO3)4(MeOH)3] 

(72ĀGd) [63] ʠ [Cu15Gd7(OH)6(CO3)4(O2CPh)19(pdm)9(pdmH2)3(H2O)2] (73ĀGd) [44] ʙʳʣʠ

ʧʦʣʫʯʝʥʳʚʩʭʦʞʠʭʫʩʣʦʚʠʷʭ(ʩʤ. ʩʭʝʤʫ5).ʂʘʨʙʦʥʘʪ ʘʥʠʦʥ ʛʝʥʝʨʠʨʫʝʪʩʷ ʠʟ CO2, ʢʦʪʦʨʳʡ 

ʧʦʩʪʫʧʘʝʪ ʚ ʩʠʩʪʝʤʫ ʠʟ ʘʪʤʦʩʬʝʨʳ ʚ ʧʨʦʮʝʩʩʝ ʤʝʜʣʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʚ ʩʣʫʯʘʝ 

ʩʦʝʜʠʥʝʥʠʡ 71ĀLn ʠ 73ĀGd) ʠʣʠ ʧʨʠ ʧʨʦʜʫʚʢʝ ʨʘʩʪʚʦʨʘ ʧʦʪʦʢʦʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʪʝʯʝʥʠʝ 
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1 ʤʠʥʫʪʳ (ʩʦʝʜʠʥʝʥʠʝ 72ĀGd). ʉʦʝʜʠʥʝʥʠʷ 71ĀLn ʥʝ ʩʦʜʝʨʞʘʪ ʜʠʘʥʠʦʥ CO3
2-, ʦʜʥʘʢʦ 

ʩʦʜʝʨʞʘʪ ʜʚʝ ʧʝʥʪʘʜʝʥʪʘʪʥʳʝ ɛ5-NO3ʛʨʫʧʧʳ, ʩʚʷʟʳʚʘʶʱʠʝ 4 ʠʦʥʘ ʣʘʥʪʘʥʠʜʦʚ ʠ ʦʜʠʥ ʠʦʥ 

ʤʝʜʠ. ɸʥʘʣʦʛʠʯʥʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʶʪ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 72ĀGdʠ 73ĀGd

ɛ5-CO3-ʜʠʘʥʠʦʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʞʥʳʡ ʤʝʪʘʣʣʦʦʩʪʦʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʚʷʟʘʥ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ, ʛʠʜʨʦʢʩʦ- ʠ ʢʘʨʙʦʥʘʪ- (ʠʣʠ ʥʠʪʨʘʪʥʳʤʠ) ʛʨʫʧʧʘʤʠ, ʘ ʦʙʲʝʤʥʳʝ 

ʤʦʣʝʢʫʣʳ pdmʦʛʨʘʥʠʯʠʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʷʜʝʨʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʝʛʦ ʧʦʣʠʤʝʨʠʟʘʮʠʶ.

ʇʦ ʜʘʥʥʳʤ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʦʝʜʠʥʝʥʠʠ 71ĀLa ʤʝʞʜʫ ʠʦʥʘʤʠ 

ʤʝʜʠ(II) ʧʨʝʦʙʣʘʜʘʶʪ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ, ʘ ʚ 71ĀTb ʠ 

71ĀDy ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʤʝʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ ʠ/ʠʣʠ ʵʬʬʝʢʪʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ. [45] ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 71ĀDy ʷʚʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʤʘʛʥʝʪʠʢʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ~5 K ʩ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʙʘʨʴʝʨʘ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ

(ȹEeff/kB = 7.9 K) ʠ ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ Ű0= 4.9Ŀ10
-7s. ɸʚʪʦʨʳ ʧʣʘʛʘʶʪ, ʯʪʦ ʧʨʦʷʚʣʝʥʠʝ 

ʪʘʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʨʦʜʦʡ ʂʨʘʤʝʨʩʦʚʘ ʠʦʥʘ Dy(III), ʦʙʣʘʜʘʶʱʝʛʦ 

ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ. ɼʣʷ 71ĀTb ʧʦʜʦʙʥʳʭ ʤʘʛʥʠʪʥʳʭ ʵʬʬʝʢʪʦʚ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. [45]

ɺ ʩʦʝʜʠʥʝʥʠʠ 72ĀGd, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʠʟʦʪʨʦʧʥʳʝ ʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʠʩʭʦʜʷ 

ʠʟ ʭʘʨʘʢʪʝʨʘ ʧʦʚʝʜʝʥʠʷ ʢʨʠʚʦʡ ɢT(T) ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ 

ʨʝʘʣʠʟʫʶʪʩʷ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ. ɸʚʪʦʨʳ, ʧʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʚʝʣʠʯʠʥʫ JCu-Cu= 0.87 ʩʤ
-1 (ʵʪʘ ʚʝʣʠʯʠʥʘ ʚʟʷʪʘ ʠʟ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ 

ʦʙʤʝʥʘ ʜʣʷ ʘʥʘʣʦʛʘ {Cu3Y6}), ʨʘʩʩʯʠʪʘʣʠ ʧʘʨʘʤʝʪʨʳ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʠʦʥʘʤʠ ʤʝʜʠ(II) ʠ ʛʘʜʦʣʠʥʠʷ(III ), JCu-Gd= 0.4 ʩʤ
-1.ʈʘʩʯʝʪʳ ʤʘʛʥʠʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ 

ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʝ 72ĀGd ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʤʘʛʥʠʪʥʳʭ ʭʣʘʜʦʛʝʥʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʠʦʥʳ GdIII ʠ CuII (ʤʘʢʩʠʤʫʤ ïȹSm = 34.5 ɼʞ ʢʛ
-1K-1 ʧʨʠ T = 2.1 K ʠ 

ʧʨʠʣʦʞʝʥʥʦʤ ʧʦʣʝ ȹB = 7 T). 

ʍʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ 73ĀGd ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʘʣʠʯʠʝ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʘʥʪʠʬʝʨʨʦ-ʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʠʦʥʘʤʠ. ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚʩʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Cu-Gd 

ʬʝʨʨʦʤʘʛʥʠʪʥʳ, ʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʠ ʠʦʥʦʚ ʤʝʜʠ(II) ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʦʠʭ ʪʠʧʦʚ. ʉʦʝʜʠʥʝʥʠʝ 73ĀGd ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʭʣʘʜʦʛʝʥʪʘ (ʤʘʢʩʠʤʫʤ ïȹSm= 22.2 ɼʞ ʂʛ
-1K-1ʧʨʠ T = 2.5 K ʠ ʧʨʠʣʦʞʝʥʥʦʤ ʧʦʣʝ ȹB = 7 T).
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ʉʭʝʤʘ 5.ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ 71ĀGd (ʘ), 

72ĀGd (ʙ) ʠ73ĀGd (ʚ).

Cu2(RCO2)4(RCO2H)2 + 2 Ln(NO3)3Ŀ6H2O + 2 H2pdm + 4NEt3 (MeCN/EtOH)

Cu(NO3)2 + 2 Gd(NO3)3Ŀ6H2O +

+ H2pdm+ 4NEt3 + 4 NaPiv

(MeOH, ʧʦʪʦʢ CO2 (ʛʘʟ) ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ)

Cu(PhCO2)2Ŀ2H2O + Gd(NO3)3Ŀ6H2O + 

+ H2pdm + 4NEt3 (MeCN)

ʊʘʙʣʠʮʘ 9.ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʚ ʢʦʤʧʣʝʢʩʘʭ 

71ĀGd, 72ĀGd, 73ĀGd. 

LnïO CuïOOCR CuïN / Ln-N Ln..Cu / Ln..Ln // Ln..Ln

73ĀGd [44] 2.282 ï2.613 1.902 ï2.451 1.885 ï2.011 3.263 ï3.681 / 4.048 ï4.223 // 

3.211 ï3.994

72ĀGd [63] 2.303ï2.601 1.944ï2.340 1.901 3.466, 3.515 / 3.946, 4.160 // 4.951

71ĀGd [45] 2.268ï2.534 1.905 ï2.344 1.898 / 2.525 3.285 ï3.872 / 3.780 ï4.586
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ [26, 37, 60, 128, 129]ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʠʷʜʝʨʥʦʛʦ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʦʙʲʝʤʘ ʠ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘʭ, ʥʦ ʠ ʧʨʠ 

ʟʘʤʝʥʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ ʥʘ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʞʠʜʘʥʥʳʝ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʘʥʘʣʦʛʠ. 

ʉʦʝʜʠʥʝʥʠʷ[Cu12Nd6(OH)24(bet)16(NO3)3(H2O)10](NO3)[PF6]14Ŀ5H2O (74) [129], 

[Cu12Nd6(OH)24(O2CCCl3)12(H2O)18(ClO4)][(O2CCCl3)5]Ŀ22H2O (75) [37] ʠ 

[Cu12La6(OH)24(O2CCH2Cl)12(H2O)18(ClO4)][(NO3)4(OH)]Ŀ10H2O (76) [37] ʠʤʝʶʪ ʩʭʦʞʠʡ 

ʦʢʪʘʜʝʢʘʷʜʝʨʥʳʡ ʤʝʪʘʣʣʦʦʩʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʢʚʘʜʨʘʪʥʫʶ ʙʠʧʠʨʘʤʠʜʫ, ʚ 

ʚʝʨʰʠʥʘʭ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ ʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ(III), ʘ ʚ ʮʝʥʪʨʝ ʢʘʞʜʦʡ ʛʨʘʥʠ 

ʨʘʩʧʦʣʦʞʝʥʦ ʧʦ ʠʦʥʫ ʤʝʜʠ(II). ʀʦʥʳ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 12 ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ 

ʠ 24 ʛʠʜʨʦʢʩʦ-ʤʦʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʣʦʩʪʠ ʫ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʨʘʩʧʦʣʦʞʝʥ 

ʦʜʠʥ NO3
-ʘʥʠʦʥ (ʚ ʩʦʝʜʠʥʝʥʠʠ 74)ʠʣʠ ʦʜʠʥ ClO4

-ʘʥʠʦʥ (ʚ ʩʦʝʜʠʥʝʥʠʷʭ 75ʠ 76), ʢʦʪʦʨʳʡ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʢ ʙʣʠʟʣʝʞʘʱʠʤ ʠʦʥʘʤ ʤʝʜʠ(II) (ʨʠʩ. 13). 

ʂʦʥʢʫʨʝʥʮʠʶ ʟʘ ʮʝʥʪʨʘʣʴʥʫʶ ʧʦʟʠʮʠʶ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ 76.

ʅʠʪʨʘʪ ʘʥʠʦʥʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʚ ʚʠʜʝ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʧʨʦʪʠʚʦʠʦʥʘ, 

ʥʦ ʚ ʧʦʣʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʠʪ ʧʝʨʭʣʦʨʘʪ ʘʥʠʦʥ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ 12 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ ʩ ʠʦʥʘʤʠ ʤʝʜʠ(II) (ʧʨʦʪʠʚ 10 ʩʚʷʟʝʡ ʜʣʷ NO3). ʇʝʨʠʬʝʨʠʯʝʩʢʠʝ ʠʦʥʳ ʣʘʥʪʘʥʠʜʦʚ 

ʜʦʩʪʨʘʠʚʘʶʪ ʩʚʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠʣʠ ʭʝʣʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʥʠʪʨʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ɺ ʨʘʙʦʪʝ [129] ʦʪʤʝʯʘʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩ ʘʥʠʦʥʘʤʠ ʙʝʪʘʠʥʘ 

ʢʠʩʣʦʪʥʦʩʪʴ/ʦʩʥʦʚʥʦʩʪʴ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʠ 

ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ, ʯʝʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʘʭ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʦʚ CuII : LnIII ʚ ʨʝʘʢʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 : 1 

ʜʦ 1 : 4 ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʢ ʪʝʪʨʘʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ {Cu2Ln2} (59ĀLn , 

ʩʦʩʪʘʚ ʩʤ. ʚʳʰʝ) ʧʨʠ pH~3.5, ʪʘʢ ʠ ʦʢʪʘʜʝʢʘʷʜʝʨʥʳʭ {Cu12Nd6} (74ĀNd, ʩʦʩʪʘʚ ʩʤ. ʚʳʰʝ) 

ʧʨʠ pH~6 [129], ʧʨʠ ʵʪʦʤ ʥʘʠʣʫʯʰʠʝ ʚʳʭʦʜʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʪʘʣʣʦʚ 1 : 

1 ʜʣʷ 59ĀLn (ʚʳʭʦʜ 60-80%)ʠ 1 : 3 ʜʣʷ 74ĀNd(ʚʳʭʦʜ 50%). 

ɺʣʠʷʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʪʨʦʝʥʠʝ ʬʦʨʤʠʨʫʶʱʠʭʩʷ 

ʧʦʣʠʷʜʝʨʥʳʭ Cu-Ln ʩʦʝʜʠʥʝʥʠʡʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [60], ʚ ʢʦʪʦʨʦʡ 

ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ ʠʟ ʪʝʪʨʘʟʦʣ-1-ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʠʜʘ(III) ʠ ʭʣʦʨʠʜʘ 

ʤʝʜʠ(II) (2:1:1, ʤʦʣ)ʚ ʱʝʣʦʯʥʦʡ (KOH) ʚʦʜʥʦʡ ʩʨʝʜʝ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ {CuLn} 

(51ĀLn , Ln = Gd, Nd, ʩʦʩʪʘʚ ʩʤ. ʚʳʰʝ) ʧʨʠ pH = 3.5 ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[{ Cu2(OH)2} 2{ Cu12Ln6(Õ3-OH)24(Cl)0.5(NO3)0.5(tza)12(H2O)18}] Ŀ(NO3)9Ŀ8H2O (77ĀLn , Ln = Gd, 

Nd; tza= ʪʝʪʨʘʟʦʣ-1-ʘʮʝʪʘʪ) ʧʨʠ pH = 6.6. ʉʦʝʜʠʥʝʥʠʷ 77ĀLn ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 2D-
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ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʚ ʢʦʪʦʨʳʭ 18-ʷʜʝʨʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ {Cu12Ln6} 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʙʠʷʜʝʨʥʳʤʠ {Cu2O2} (ʨʠʩ. 14), ʬʦʨʤʠʨʫʷ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ.

ʉʦʝʜʠʥʝʥʠʷ [Cu12Ln6(OH)24(H2O)x(L)12(ClO4)](ClO4)17 ĀnH2O (78ĀLn : x=18, Ln = Nd, 

Gd, L = ʧʠʨʠʜʠʥʙʝʪʘʠʥ[26]; 79ĀLn : x=16, Ln = Gd ʠ Sm, L = 3-ʧʠʨʠʜʠʥʧʨʦʧʠʦʥʘʪ [29]), ʠ 

[Cu12Ln6(OH)24(C5H5NCH2CO2)12(H2O)18(NO3)](PF6)10(NO3)7 Ā12H2O (80ĀLn , Ln = Sm, Gd, 

C5H5NCH2CO2 = ʧʠʨʠʜʠʥʘʮʝʪʘʪ[128]) ʧʦʣʫʯʝʥʳ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ ʠ ʢʠʩʣʦʪ ʧʨʠʙʘʚʣʝʥʠʝʤ NaClO4 (pH = 3.5, NaOH) ʠʣʠ KPF6 (pH = 5.4, 

KOH), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.

ʘ ʙ

ʚ ʛ

ʈʠʩʫʥʦʢ 13.ʄʝʪʘʣʣʦʦʩʪʦʚ {Cu12Nd6} ʩʦʝʜʠʥʝʥʠʡ 74ĀNd (ʘ) ʠ 75ĀNd (ʚ). ʌʨʘʛʤʝʥʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ 80ĀSm (ʙ) ʠ 79ĀGd (ʛ). ɿʘʤʝʩʪʠʪʝʣʠ ʚ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧʘʭ, ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʠ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. ʇʨʠʚʝʜʝʥʳ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʨʘʙʦʪ [29, 37, 128, 129], ʩ ʠʟʤʝʥʝʥʠʷʤʠ.

ɼʣʷ 18-ʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʤʝʪʘʣʣʦʦʩʪʦʚʦʤ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʦ ʩʣʦʞʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ ʫʩʣʦʞʥʷʶʪ ʵʪʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʜʘʥʥʳʭ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 
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ʩʦʝʜʠʥʝʥʠʷʭ 76ĀLa, 75ĀNd, 80ĀGd [26, 37, 128], 77ĀGdʠ77ĀNd [60] ʧʨʝʦʙʣʘʜʘʶʪ ʦʙʤʝʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ, ʯʪʦ ʦʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟʝ ʧʦʚʝʜʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ɢT(T) ʠ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ɺʝʡʩʩʘ.

ʊʘʙʣʠʮʘ 10. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʚ ʢʦʤʧʣʝʢʩʘʭ

74ĀNd, 80ĀSm, 77ĀGd, 75ĀNd, 78ĀNd, 79ĀGd. 

LnïO CuïOOCR Ln..Cu / Ln..Ln // Cu..Cu

74ĀNd [129] 2.42 ï2.54 (NdïOHï)

2.42 ï2.52 (NdïO2CR-Õ)

2.430, 2.476 (NdïO2CRʤʦʥʦʜʝʥ)

2.511 ï2.524 (NdïOH2)

2.516, 2.587 (NdïONO2
ï
ʭʝʣ)

1.94 ï2.02 (CuïOHï)

2.22 ï2.38 (CuïO2CR-Õ)

2.45 ï2.98 (CuïONO2
ï-Õ9)

3.48 ï3.62 (Ln..Cu)

7.06 ï7.17 (Ln..Ln)

3.38 ï3.46 (Cu..Cu)

80ĀSm [128] 2.438 ï2.512 (SmïOHï)

2.383 ï2.472 (SmïO2CR-Õ)

2.440 ï2.592 (SmïOH2)

1.949 ï2.004 (CuïOHï)

2.263 ï2.357 (CuïO2CR-Õ)

2.45 ï2.70 (CuïONO2
ï-Õ9)

3.48 ï3.57 (Ln..Cu)

7.02 ï7.07 (Ln..Ln)

3.36 ï3.48 (Cu..Cu)

77ĀGd [60] 2.462 ï2.475 (GdïOH-)

2.384 ï2.427 (GdïO2CR-Õ)

1.944 ï1.992 (CuïOHï)

2.317 ï2.373 (CuïO2CR-Õ)

3.489 ï3.535 (Ln..Cu)

7.02 (Ln..Ln)

3.307 ï3.407 (Cu..Cu)

75ĀNd [37] 2.475 ï2.551 (NdïOHï)

2.447 ï2.519 (NdïO2CR-Õ)

2.488 ï2.545 (NdïOH2)

1.946 ï1.995 (CuïOHï)

2.272 ï2.433 (CuïO2CR-Õ)

2.23 ï2.44 (CuïOClO3
ï-Õ12)

3.522 ï3.620 (Ln..Cu)

7.072 ï7.149 (Ln..Ln)

3.334 ï3.432 (Cu..Cu)

78ĀNd[26] 2.445 ï2.552 (NdïOHï)

2.412 ï2.444 (NdïO2CR-Õ)

2.503 ï2.555 (NdïOH2)

1.939 ï1.983 (CuïOHï)

2.324 ï2.355 (CuïO2CR-Õ)

2.141 ï2.576 (CuïOClO3
ï-

Õ12)

3.500 ï3.597 (Ln..Cu)

7.079 ï7.108 (Ln..Ln)

3.325 ï3.466 (Cu..Cu)

79ĀGd [29] 2.407 ï2.518 (GdïOHï)

2.380 ï2.435 (GdïO2CR-Õ)

2.488; 2.513 (GdïO2CRʭʝʣʘʪ)

2.481 ï2.556 (GdïOH2)

1.942 ï2.007 (CuïOHï)

2.246 ï2.337 (CuïO2CR-Õ)

2.263 ï2.420 (CuïOClO3
ï-

Õ12)

3.461 ï3.572 (Ln..Cu)

6.983 ï7.033 (Ln..Ln)

3.336 ï3.458 (Cu..Cu)

         

ʈʠʩʫʥʦʢ 14. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 77ĀGd. ʊʝʪʨʘʟʦʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧʘʭ, ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ, ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ NO3-

ʛʨʫʧʧʘ ʥʝ ʧʦʢʘʟʘʥʳ. ʇʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟ ʨʘʙʦʪʳ [60], ʩ ʠʟʤʝʥʝʥʠʷʤʠ.
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ɸʚʪʦʨʘʤ ʨʘʙʦʪʳ [76] ʫʜʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʝʦʙʳʯʥʳʝ 60-ʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ [Ln24Cu36(OH)72(NO3)6(O2CPh)60(MeOH)m(H2O)n](NO3)6Ā

xH2OĀyMeOHĀzMeCN(81ĀLn , Ln = Dy, m = 14, n = 0,x = 43, y = 12, z = 12; Ln = Gd, m = 6, n

= 12, x = 39, y = 8, z = 18). ʉʦʝʜʠʥʝʥʠʷ 81ĀLn ʧʦʣʫʯʝʥʳ ʚ ʨʝʘʢʮʠʠ ʥʠʪʨʘʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ (CuII, LnIII) ʩ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʪʨʠʵʪʠʣʘʤʠʥʦʤ (ʚ ʤʦʣʷʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 6 : 4 : 5 : 9) ʚ ʩʨʝʜʝ MeCN/MeOH. 

ʆʩʪʦʚ ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 81ĀLn ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʠʜʦʚ ʙʣʦʢʦʚ: ʠʟʚʝʩʪʥʳʭ 

ʢʫʙʘʥʦʧʦʜʦʙʥʳʭ ʬʨʘʛʤʝʥʪʦʚ [Dy4(OH)4] ʠ ʬʨʘʛʤʝʥʪʦʚ [Cu6(OH)8(NO3)] ʚ ʬʦʨʤʝ ʚʘʥʥʳ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʰʠʥʳ ʠ ʩʪʦʨʦʥʳ ʰʝʩʪʠʫʛʦʣʴʥʠʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 15,16).

ʊʘʙʣʠʮʘ 11.ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (¡) ʚ ʢʦʤʧʣʝʢʩʘʭ 

81ĀLn.

LnïO CuïOOCR Ln..Cu / Ln..Ln // 

Cu..Cu

81ĀDy [76] 2.295 ï2.492 (DyïOHï)

2.271 ï2.386 (DyïO2CR-Õ)

2.410 ï2.568 (DyïO2CRʤʦʥʦʜ)

1.893 ï1.988 (CuïOHï)

1.897 ï1.982 (CuïO2CR-Õ)

2.2607 ï2.498 (CuïONO2
ï)

3.003 ï3.414 / 

3.710 ï3.861 // 

2.977 ï3.450

    

ʘ                                                                      ʙ

ʈʠʩʫʥʦʢ 15.ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 81ĀDy. (a) ʇʦʣʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʣʴʮʘ {Dy24Cu36} 

(ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ). (b) ʉʪʨʫʢʪʫʨʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ 

ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʦʩʪʦʚʘ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨ ʤʦʣʝʢʫʣʳ ʠ ʠʤʝʶʱʝʡʩʷ ʚ ʥʝʡ ʧʦʣʦʩʪʠ (ʚʠʜ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʢʦʣʴʮʘ, ʮʚʝʪʘ: Dy ʬʠʦʣʝʪʦʚʳʡ, Cuʟʝʣʝʥʳʡ, Oʢʨʘʩʥʳʡ, N

ʛʦʣʫʙʦʡ, C ʩʝʨʳʡ, H ʩʚʝʪʣʦ-ʩʝʨʳʡ).ʇʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʨʘʙʦʪʳ [76], ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ.
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ʈʠʩʫʥʦʢ 16.ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 81ĀDy. ʉʪʨʦʝʥʠʝ ʢʫʙʘʥʦʧʦʜʦʙʥʳʭ [Dy4(OH)4] 

(a, b) ʠ ʣʦʜʢʦʧʦʜʦʙʥʳʭ [Cu6(OH)8(NO3)] (c, d) ʙʣʦʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʧʦʣʥʳʡ 

ʤʝʪʘʣʣʦʦʩʪʦʚ [DyIII
24CuII

36(Õ3-OH)60(Õ-OH)12(Õ6-NO3)6]
66+ (e, f). ʇʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ 

ʠʟ ʨʘʙʦʪʳ [76], ʩ ʠʟʤʝʥʝʥʠʷʤʠ.

ʍʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʢʨʠʚʦʡ ɢT(T) ʢʦʤʧʣʝʢʩʘ 81ĀGd ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ ʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. 

ʉʦʝʜʠʥʝʥʠʝ 81ĀGdʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʥʦʛʦ ʭʣʘʜʘʛʝʥʪʘ (ʤʘʢʩʠʤʫʤ ïȹSm= 21 ɼʞ ʂʛ
-

1K-1ʧʨʠ T = 2.1 K ʠ ʧʨʠʣʦʞʝʥʥʦʤ ʧʦʣʝ ȹB = 7 T) [76]. ʀʟʤʝʨʝʥʠʷ ʚ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʜʣʷ 81ĀDy ʚʳʷʚʠʣʠ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʳʝ ʩʠʛʥʘʣʳ ɢǋǋʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 4 K, 

ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʝʜʣʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ[76], ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʢʣʘʜʘ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠʦʥʦʚ ʜʠʩʧʨʦʟʠʷ(III ). 

1.3. ɺʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ ʩʣʝʜʫʶʱʝʝ.

ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭZn-Ln ʠCd-Ln ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʘʢʮʠʷʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʠʦʥʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʤʦʣʝʢʫʣ ʘʨʦʤʘʪʠʯʝʩʢʠʭN-

ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ (ʧʠʨʠʜʠʥ, ʭʠʥʦʣʠʥ, 2,2ǋ- ʠ 4,4ǋ-ʙʠʧʠʨʠʜʠʣ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥ). 

ʊʝʢʫʱʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘd-Ln ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʦʣʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʤʷʛʢʠʭ, ʯʝʤ 

ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʨʘʟʚʠʪʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʩʠʥʪʝʟʫCd-
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Ln ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢ ʠZn-Ln ʢʦʤʧʣʝʢʩʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʧʠʩʘʥʥʳʭM-Ln ʢʦʤʧʣʝʢʩʦʚ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʠʟʤʝʨʝʥʠʷʤʠ ʩʧʝʢʪʨʦʚ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ, ʯʪʦ ʥʝ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷd-ʙʣʦʢʘ ʥʘ 

ʩʝʥʩʠʙʠʣʠʟʘʮʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʯʠʪʘʝʤ ʥʝʦʙʭʦʜʠʤʳʤ 

ʜʦʧʦʣʥʷʪʴ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʦʚ ʵʥʝʨʛʠʷʤʠ ʪʨʠʧʣʝʪʥʳʭ ʫʨʦʚʥʝʡ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʠd-ʙʣʦʢʦʚ, ʢʚʘʥʪʦʚʳʤʠ ʚʳʭʦʜʘʤʠ ʠ ʚʨʝʤʝʥʘʤʠ ʞʠʟʥʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ.

Cu-Ln ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʝʜʠʥʝʥʠʡ ʨʘʟʣʠʯʥʦʡ ʷʜʝʨʥʦʩʪʠ (ʦʪ 2 ʜʦ 60 ʘʪʦʤʦʚ 

ʤʝʪʘʣʣʦʚ) ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (SMM, ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʘʛʥʠʪʥʳʝ 

ʭʣʘʜʘʛʝʥʪʳ).ɺʚʠʜʫ ʠʤʝʶʱʝʛʦʩʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘʠʭ ʩʪʨʦʝʥʠʝ.

ɻʣʘʚʘ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ

2.1. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ

ɺʩʝ ʦʧʝʨʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʥʪʝʟʦʤ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʚʦʟʜʫʭʝ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʜʘʞʥʳʭ ʠʣʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʦʯʠʱʝʥʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ[139]. ʀʩʭʦʜʥʳʝ ʪʨʠʤʝʪʠʣʘʮʝʪʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Zn(II) [52], Cd(II) [55], 

Ln(III ) [143] ʠ ʉu(II ) [142] ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. ʉʦʝʜʠʥʝʥʠʷ 

[Zn3(bzo)6(EtOH)2] [141]ʠ [Zn2Eu(NO3)(Õ-piv)6(MeCN)2] [48] ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʤʝʪʦʜʠʢʘʤ.

ɼʣʩ̫ʠʥʪʝʟʘ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ Zn(NO3)2Ā6H2O (çʯè), ZnCI2(99%, çAlfa 

Aesarè), Zn(OAc)2Ā2H2O (99%, çRothè), Eu(NO3)3Ā6H2O (99.95% (ʈɿʄ),çʃʘʥʭʠʪè),

Tb(NO3)3Ā6H2O (99.99%(ʈɿʄ),çʃʘʥʭʠʪè),Gd(NO3)3Ā6H2O(çʭ.ʯ.è), Ho(NO3)3Ā5H2O (99.95% 

(ʈɿʄ),çʃʘʥʭʠʪè), Dy(NO3)3Ā5H2O (99.95% (ʈɿʄ),çʃʘʥʭʠʪè), Sm(NO3)3Ā6H2O (99.95% 

(ʈɿʄ),çʃʘʥʭʠʪè),KOH (çʯ.ʜ.ʘ.è), NaOH (çʯ.ʜ.ʘ.è),ʪʨʠʤʝʪʠʣʫʢʩʫʩʥʫʶ(ʧʠʚʘʣʠʥʦʚʫʶ)

ʢʠʩʣʦʪʫ(Hpiv, 99%, çAcros Organicsè), 3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʙʝʥʟʦʡʥʫʶ ʢʠʩʣʦʪʫ (Hbzo, 99%, 

çAlfa Aesarè), 4-ʬʝʥʠʣʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ (Hphbz, 99%, çAcros Organicsè), 1-ʥʘʬʪʦʡʥʘʷ 

ʢʠʩʣʦʪʘ (99%, çAlfa Aesarè), 2-ʥʘʬʪʦʡʥʘʷ ʢʠʩʣʦʪʘ (çAldrichè, 98%), ʧʠʨʠʜʠʥ (py, çʯ.ʜ.ʘ.è), 

2-ʬʫʨʘʥʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (Hfur, 98%, çAcros Organicsè), 2,2ǋ-ʙʠʧʠʨʠʜʠʥ (bpy, 99%, çAlfa 

Aesarè), 1,10-ʬʝʥʘʥʪʨʦʣʠʥ(phen, 99%, çAlfaAesarè), 4,7-ɼʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

(ɹʘʪʦʬʝʥʘʥʪʨʦʣʠʥ, batho, 98+%, çAlfa Aesarè), 2,9-ʜʠʤʝʪʠʣ-1,10- ʬʝʥʘʥʪʨʦʣʠʥ 

(ʅʝʦʢʫʧʨʦʠʥ, neocup, 99+%, çRuka AGè), 2,9-ʜʠʤʝʪʠʣ-4,7-ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ 



44

(ɹʘʪʦʢʫʧʨʦʠʥ, bathocup, 98%, çAcros Organicsè), 2,2ǋ:6ǋ,2ǋǋ-ʊʝʨʧʠʨʠʜʠʥ (terpy, 97%, 

çABCRè).

ʀʂ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʘʚʪʦʨʦʤ ʥʘ FT-IR ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

çPerkin Elmer Spectrum 65LSè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʩʪʘʚʢʠ ʦʜʥʦʢʨʘʪʥʦʛʦ ʅʇɺʆ Quest 

(Specac) ʚ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ 4000-400 ʩʤ-1 ʚʎʂʇ ʀʆʅʍ ʈɸʅ. 

ʕʣʝʤʝʥʪʥʳʡʘʥʘʣʠʟʚʳʧʦʣʥʝʥʥʘʘʚʪʦʤʘʪʠʯʝʩʢʦʤC,H,N,S-ʘʥʘʣʠʟʘʪʦʨʝ çCarlo Erba 

EA1108è ʚ ʃʘʙʦʨʘʪʦʨʠʠʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʀʆʅʍ ʈɸʅ (ʛ. ʄʦʩʢʚʘ). 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝʠʩʩʣʝʜʦʚʘʥʠʷʚʳʧʦʣʥʝʥʳʥʘʜʠʬʨʘʢʪʦʤʝʪʨʝBruker SMART

APEX II, ʦʙʦʨʫʜʦʚʘʥʥʦʤCCD-ʜʝʪʝʢʪʦʨʦʤʠʠʩʪʦʯʥʠʢʦʤ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦʠʟʣʫʯʝʥʠʷ

(MoKŬ,ɚ= 0.71073¡)ʜ.ʭ.ʥ.ʄ.ɸ.ʂʠʩʢʠʥʳʤ ʠ ʢ.ʭ.ʥ. ɻ.ɻ. ɸʣʝʢʩʘʥʜʨʦʚʳʤʚ ʎʂʇʀʆʅʍ

ʈɸʅ, ʘ ʪʘʢʞʝʜ.ʭ.ʥ.ʖ.ɺ. ʅʝʣʶʙʠʥʦʡ ʠʜ.ʭ.ʥ.ʌ.ʄ. ɼʦʣʛʫʰʠʥʳʤ ʚ ʎʈʉʀ ʀʅʕʆʉ ʠʤ. ɸ.ʅ. 

ʅʝʩʤʝʷʥʦʚʘ.ɼʣʚ̫ʩʝʭʢʦʤʧʣʝʢʩʦʚʚʚʝʜʝʥʘʧʦʣʫʵʤʧʠʨʠʯʝʩʢʘʷʧʦʧʨʘʚʢʘʥʘ ʧʦʛʣʦʱʝʥʠʝ 

[144]. ʉʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʩʰʠʬʨʦʚʘʥʳ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠʠ

ʫʪʦʯʥʝʥʳʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʤʝʪʦʜʦʤʥʘʠʤʝʥʴʰʠʭʢʚʘʜʨʘʪʦʚʚ ʘʥʠʟʦʪʨʦʧʥʦʤ

ʧʦʣʥʦʤʘʪʨʠʯʥʦʤʧʨʠʙʣʠʞʝʥʠʠʩʠʩʧʦʣʴʟʦʚʘʥʠʝʤʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ SHELX-97 ʠ 

SHELX-2014 [103]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʧʨʠ ʘʪʦʤʘʭ ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘʦʨʛʘʥʠʯʝʩʢʠʭ

ʣʠʛʘʥʜʦʚʛʝʥʝʨʠʨʦʚʘʥʳʛʝʦʤʝʪʨʠʯʝʩʢʠʠʫʪʦʯʥʝʥʳʚ ʤʦʜʝʣʠ çʥʘʝʟʜʥʠʢʘè. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡʘʥʘʣʠʟʚʳʧʦʣʥʝʥ ʘʚʪʦʨʦʤ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ BrukerD8 Advancec

ʜʝʪʝʢʪʦʨʦʤ LynxEye(CuKŬ1ʠʟʣʫʯʝʥʠʝ,Geʤʦʥʦʭʨʦʤʘʪʦʨ) ʚʎʂʇ ʀʆʅʍ ʈɸʅ (ʛ. ʄʦʩʢʚʘ), 

ʘ ʪʘʢʞʝ ɸ.ʉ. ɻʦʣʦʚʝʰʢʠʥʳʤ ʚ ʎʈʉʀ ʀʅʕʆʉ ʠʤ. ɸ.ʅ. ʅʝʩʤʝʷʥʦʚʘ. 

ɼʘʥʥʳʝʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢ.ʭ.ʥ. ʅ.ʅ. ɽʬʠʤʦʚʳʤ, 

ʂ.ɸ. ɹʘʙʝʰʢʠʥʳʤ ʠ ʇ.ʅ. ɺʘʩʠʣʴʝʚʳʤʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʝʪʦʤʝʪʨʘ Quantum Design 

PPMS-9 ʚʎʂʇ ʀʆʅʍ ʈɸʅ. ʕʪʦʪ ʧʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1.8 K ʜʦ 350 K ʚʦ ʚʥʝʰʥʠʭ ʧʦʣʷʭ ʜʦ 9 ʊʣ. ʀʟʤʝʨʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʚ ʦʩʮʠʣʣʠʨʫʶʱʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʩ ʚʝʣʠʯʠʥʦʡ ʘʤʧʣʠʪʫʜʳ ʤʦʜʫʣʷʮʠʠ ʨʘʚʥʦʡ 5 ʕ, 3 ʕ ʠ 1 ʕ ʚ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ 10 ï100 ɻʮ, 

100 ï 1000 ɻʮ ʠ 1000 ï 10000 ɻʮ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʟʘʧʘʷʥʥʳʭ ʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʧʘʢʝʪʠʢʘʭ. ʆʙʨʘʟʮʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʘʯʠʚʘʣʠ ʤʠʥʝʨʘʣʴʥʳʤ ʤʘʩʣʦʤ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ 

ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʢʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɼʘʥʥʳʝ ʤʘʛʥʠʪʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʚʢʣʘʜʦʚ ʚ ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʦʪ 

ʧʨʦʙʦʜʝʨʞʘʪʝʣʷ, ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʩʣʘ ʠ ʜʠʘʤʘʛʥʠʪʥʦʛʦ ʚʢʣʘʜʘ ʩʦʝʜʠʥʝʥʠʷ (ʧʦ ʩʭʝʤʝ 

ʇʘʩʢʘʣʷ).

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʡ 84-95ʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʜ.ʭ.ʥ. ʄ.ɸ.ʂʠʩʢʠʥʳʤ 

ʧʨʠʢʦʤʥʘʪʥʦʡʪʝʤʧʝʨʘʪʫʨʝʚ ʚʠʜʠʤʦʤʜʠʘʧʘʟʦʥʝʩʧʝʢʪʨʘʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦʩʧʝʢʪʨʦʤʝʪʨʘ çPerkinElmerLS-55è ʚ ʎʂʇʀʆʅʍʈɸʅ.
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ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʡ99, 101, 102, 105, 106ʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ɽ.ɺ. 

ɺʘʨʘʢʩʠʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ FluorologFL3-22 (Horibaï

JobinïYvon) ʚ ʌʀɸʅ ʈɸʅ. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 77 ʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʢʨʠʦʩʪʘʪʘ. ʂʚʘʥʪʦʚʳʝʚʳʭʦʜʳʪʚʝʨʜʳʭ

ʦʙʨʘʟʮʦʚʠʟʤʝʨʷʣʠʩʠʩʧʦʣʴʟʦʚʘʥʠʝʤʠʥʪʝʛʨʘʮʠʦʥʥʦʡʩʬʝʨʳ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʠʣʠ d-ʙʣʦʢʘ ʢ ʠʦʥʫ ʣʘʥʪʘʥʠʜʘ 

ʚ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʩ 4-phbz (99, 102, 106) ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʩʧʝʢʪʨʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʠʜʝʥʪʠʯʥʳʭ ʢʦʤʧʣʝʢʩʘʤ ʝʚʨʦʧʠʷ(III) ʠ ʪʝʨʙʠʷ(III) ʢʦʤʧʣʝʢʩʦʚ 

ʛʘʜʦʣʠʥʠʷ(III) (ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠ ʯʠʩʪʳʭ ʩʦʣʝʡ ʛʘʜʦʣʠʥʠʷ(III)). ʀʟ 

ʩʧʝʢʪʨʦʚ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ET ʣʠʛʘʥʜʘ ʠʣʠ d-ʙʣʦʢʘ, ʧʦʩʢʦʣʴʢʫ ʥʠʞʥʝʝ 

ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʦʥʘ Gd3+ (6P7/2 ʧʨʠ 32 000 cm-1) ʥʘʤʥʦʛʦ ʚʳʰʝ ʵʥʝʨʛʠʡ 

ʪʨʠʧʣʝʪʥʳʭ ʫʨʦʚʥʝʡ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ[11]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʨʘʚʠʣʦʤ 

ʃʘʪʚʘ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ[74], ʤʳ ʦʧʨʝʜʝʣʷʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʣʠʛʘʥʜʘ ʠʣʠ d-ʙʣʦʢʘʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʵʤʠʩʩʠʠ ʠʦʥʘ ʤʝʪʘʣʣʘ. ʇʨʘʚʠʣʦ 

ʃʘʪʚʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ETʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʛʘʥʜʘ (T1) ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʥʘ 

2500-4500 ʩʤ-1 ʚʳʰʝ, ʯʝʤ ʚʳʰʝʣʝʞʘʱʠʡ ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʡ ʫʨʦʚʝʥʴ ʠʦʥʘ ʝʚʨʦʧʠʷ(III ) 

(17200 ʩʤï1 (5D0), 19000 ʩʤï1 (5D1), ʠ 21500 ʩʤï1 (5D2)) ʠʣʠ ʪʝʨʙʠʷ(III ) (20500 ʩʤï1 (5D4)) [20].

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚʢʦʤʧʣʝʢʩʦʚ84-97 ʚMeCN (5Ŀ10-5

ʤʦʣʴ/ʣ) ʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʘʚʪʦʨʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ Cary5000 (Agilent) ʚ ʎʂʇ 

ʀʆʅʍ ʈɸʅ (ʛ. ʄʦʩʢʚʘ). 

ʊʝʨʤʦʣʠʟʩʦʝʜʠʥʝʥʠʷ 106ĿEu ʠʩʩʣʝʜʦʚʘʥʜ.ʭ.ʥ.,ʧʨʦʬ.ɾ.ɺ.ɼʦʙʨʦʭʦʪʦʚʦʡ(ʀʆʅʍ 

ʠʤ.ʅ.ʉ.ʂʫʨʥʘʢʦʚʘʈɸʅ)ʤʝʪʦʜʘʤʠʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ(ɼʉʂ)

ʠʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦʘʥʘʣʠʟʘ(ʊɻɸ).ʊɻɸʚʧʦʪʦʢʝ ʘʨʛʦʥʘ (ʩʦʜʝʨʞʘʥʠʝ Ar > 99.998 %, 

O2 < 0.0002 %, N2 < 0.001 %, ʚʦʜʷʥʦʛʦ ʧʘʨʘ < 0.0003 %, ʉʅ4 < 0.0001 %) ʠ ʚʦʟʜʫʭʘ (ʆ2, 

(20.9Ñ0.5) ʦʙ %; N2, (79.1Ñ0.5) ʦʙ %; ʉH4, CO, CO2, < 0.005 ʦʙ %) (20 ʤʣ/ʤʠʥ) ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʧʨʠʙʦʨʝ ʬʠʨʤʳ NETZSCH TG 209F1ʚʘʣʣʫʥʜʦʚʳʭʪʠʛʣʷʭʧʨʠʩʢʦʨʦʩʪʠʥʘʛʨʝʚʘʥʠʷ10

Á/ʤʠʥ.ʉʦʩʪʘʚʛʘʟʦʚʦʡ ʬʘʟʳ ʠʟʫʯʘʣʠ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʩʪʘʚʢʝ QMS 403C 

Aʸolos ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦʵʢʩʧʝʨʠʤʝʥʪʘ.ʕʥʝʨʛʠʷʠʦʥʠʟʠʨʫʶʱʠʭ

ʵʣʝʢʪʨʦʥʦʚ ʩʦʩʪʘʚʣʷʣʘ 70 ʵɺ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʧʨʝʜʝʣʷʝʤʦʝ ʤʘʩʩʦʚʦʝ ʯʠʩʣʦ (ʦʪʥʦʰʝʥʠʝ 

ʤʘʩʩʳ ʠʦʥʘʢʝʛʦʟʘʨʷʜʫZ) ï300 ʘ.ʝ.ʤ.ʄʘʩʩʘ ʥʘʚʝʩʦʢʜʣʪ̫ʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʣʘ 0.5-1.7 ʤʛ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ɼʉʂ ʚ ʧʦʪʦʢʝ ʘʨʛʦʥʘ ʠʚʦʟʜʫʭʘ 

ʧʨʦʚʦʜʠʣʠʥʘʢʘʣʦʨʠʤʝʪʨʝNETZSCHDSC 204 F1ʚʘʣʶʤʠʥʠʝʚʳʭ ʷʯʝʡʢʘʭ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʥʘʛʨʝʚʘʥʠʷ 10 Á/ʤʠʥ. ʅʘʚʝʩʢʠ ʧʨʝʧʘʨʘʪʦʚ ʩʦʩʪʘʚʣʷʣʠ 2-3 ʤʛ. ʊʝʤʧʝʨʘʪʫʨʥʫʶ ʢʘʣʠʙʨʦʚʢʫ 

ʪʝʨʤʦʚʝʩʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʪʦʯʢʘʤ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩʪʘʥʜʘʨʪʥʳʭ ʚʝʱʝʩʪʚ(Ag, Al, Bi,

In, Sn,ʯʠʩʪʦʪʘ99.99%). ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʥʝ ʧʨʝʚʳʰʘʣʘ 

0.1 % (ʦʧʨʝʜʝʣʝʥʦ ʧʦ CaC2O4ĿH2O). ʂʘʣʦʨʠʤʝʪʨ ʢʘʣʠʙʨʦʚʘʣʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 
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ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩʪʘʥʜʘʨʪʥʳʭ ʚʝʱʝʩʪʚ (C6H12, Hg, Ga, 

ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ, KNO3, In, Sn, Bi, CsCl, ʯʠʩʪʦʪʘ 99.99%) ʩʦʛʣʘʩʥʦ ISO 11357-1.ʆʙʨʘʟʮʳ 

ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ SARTORIUSRESEARCHR

160P ʩ ʪʦʯʥʦʩʪʴʶ 1Ŀ10ï2 ʤʛ. ɼʘʥʥʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ NETZSCH Proteus Thermal Analysis ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ISO 11357-

1, ISO 11357-2, ISO 11358.

ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ84, 85, 92, 93ʙʳʣʠ ʚʳʧʦʣʥʝʥʳʢ.ʭ.ʥ.

ʉʪʘʨʠʢʦʚʦʡ ɸ.ɸ. (ʅʀʀ ʬʠʟʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʖʌʋ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Gaussian 09 ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ DFT (B3LYP/def2svp) [145].

ɻʝʦʤʝʪʨʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ (MOxNy) ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʈʉɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ SHAPE2.1 [5ï7, 21, 22, 36, 96, 

97]. ɺ ʨʘʩʯʝʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ SQ(P), ʢʦʪʦʨʦʝ ʠʟʤʝʨʷʝʪ ʦʪʢʣʦʥʝʥʠʝ ʬʦʨʤʳ ʧʦʣʠʵʜʨʘ 

ʦʪ ʠʜʝʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʠʜʝʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ, ʧʘʨʘʤʝʪʨSQ(P) ʨʘʚʝʥ ʥʫʣʶ, ʘ ʧʨʠ ʥʘʠʙʦʣʴʰʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʚʦʟʤʦʞʥʦʤ ʦʪʢʣʦʥʝʥʠʠ, ʧʘʨʘʤʝʪʨ SQ(P) = 100 (ʵʪʦʪ ʩʣʫʯʘʡ ʥʝ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ 

ʨʝʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ). 

2.2. ʉʠʥʪʝʟ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[Zn(piv)2(bpy)] (84ʠ 84*)

ʂ ʨʘʩʪʚʦʨʫ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʧʠʚʘʣʘʪʘ ʮʠʥʢʘ (130 ʤʛ, 0.5 ʤʤʦʣʴ) ʚ 40 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 60 ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (81 ʤʛ, 0.5 

ʤʤʦʣʴ) 2,2ǋ-ʙʠʧʠʨʠʜʠʣʘ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ t = 60 ʉ 

ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 2 ʯ. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ. 

ɹʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʯʝʨʝʟ 48 ʯ, ʙʳʣʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ 

ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) 

ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ 164 ʤʛ(77%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C20H26N2O4Zn: C, 56.68%; H 6.18%; N 6.61%. 

ʅʘʡʜʝʥʦ: C, 56.6 %; H 6.5 %; N 6.5 %. ʀʂ (ʩʤ-1): 3076 ʩʣ, 2969 ʩʨ, 2934 ʩʣ, 2867 ʩʣ, 1607 ʩʨ, 

1588 ʩʨ, 1578 ʩ, 1562ʦ. ʩ, 1475 ʩ, 1445 ʩ, 1404 ʩ, 1360 ʩ, 1318 ʩʨ, 1289 ʩʣ, 1251 ʩʣ, 1220 ʩ, 

1181 ʩʣ, 1164 ʩʣ, 1124 ʩʣ, 1109 ʩʣ, 1056 ʩʣ, 1040 ʩʣ, 1024 ʩʨ, 1011 ʩʣ, 977 ʩʣ, 939 ʩʣ, 894 ʩʨ, 

809 ʩʨ, 792 ʩʨ, 773 ʦ. ʩ, 737 ʩ, 652 ʩʨ, 632 ʩʨ, 615 ʩ, 540 ʩʣ, 459 ʩʣ, 422 ʩ.

[Cd2(piv)4(bpy)2] (85)

ʂ ʩʫʩʧʝʥʟʠʠ {Cd(piv)2} (230 ʤʛ, 0.73 ʤʤʦʣʴ) ʚ 25 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 75 ʉ ʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (234 ʤʛ, 1.5 ʤʤʦʣʴ) 2,2-ʙʠʧʠʨʠʜʠʣʘ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ t = 75 ʉ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʟʘʪʝʤ 
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ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʬʠʣʴʪʨʘʪ ʦʩʪʘʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 3 ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ 

ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ 

ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ 190 ʤʛ (55%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C40H52Cd2N4O8: C, 51.02%; H 5.57%; N 5.95%. 

ʅʘʡʜʝʥʦ: C, 51.4%; H 5.9%; N 6.2%. ʀʂ (ʩʤ-1): 2955 ʩʣ. ʰ, 1592 ʩʣ, 1579 ʩʣ, 1537 ʩ, 1492 ʩʨ, 

1477 ʩʨ, 1438 ʩʨ, 1405 ʩ, 1368ʩʨ, 1356 ʩ, 1319 ʩʣ, 1249 ʩʣ, 1219 ʩʨ, 1176 ʩʣ, 1153 ʩʨ, 1062 ʩʣ, 

1016 ʩʨ, 894 ʩʨ, 806 ʩʣ, 792 ʩʣ, 765 ʩ, 736 ʩʨ, 649 ʩʣ, 625 ʩʣ, 603 ʩʨ, 528 ʩʣ, 412 ʩʨ.

[Zn2(piv)4(phen)2] (86)

ʂ ʨʘʩʪʚʦʨʫ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʧʠʚʘʣʘʪʘ ʮʠʥʢʘ (535 ʤʛ, 2.0 ʤʤʦʣʴ) ʚ 50 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 75 ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (360 ʤʛ, 2.0 

ʤʤʦʣʴ) 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ t = 60 

ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 1 ʯ, ʟʘʪʝʤ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʬʠʣʴʪʨʘʪ ʦʩʪʘʚʣʷʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 3 ʩʫʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʈʉɸ, ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) 

ʘʮʝʪʦʥʠʪʨʠʣʦʤ. 

ɺʳʭʦʜ 610 ʤʛ (71%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C40H52Zn2N4O8: C, 56.68%; H 6.18%; N 6.61%. 

ʅʘʡʜʝʥʦ: C, 56.4%; H 6.4%; N 6.7%. ʀʂ (ʩʤ-1): 3434 ʩ, 3062 ʩ, 2959 ʩ, 2927 ʩʨ, 2868 ʩʨ, 1714 

ʩ, 1606 ʩ, 1518 ʩ, 1483 ʩ, 1457 ʩʨ, 1424 ʩ, 1375 ʩ, 1360 ʩ, 1305 ʩ, 1226 ʩ, 1145 ʩ, 1105 ʩ, 1030 

ʩ, 936 ʩ, 898 ʩ, 868 ʩ, 848 ʩʨ, 791 ʩʨ, 775 ʩ, 729 ʩ, 642 ʩ, 608 ʩʨ, 424 ʩʨ.

[Cd2(piv)4(phen)2] (87)

ʂ ʩʫʩʧʝʥʟʠʠʧʠʚʘʣʘʪʘ ʢʘʜʤʠʷ (78.7 ʤʛ, 0.25 ʤʤʦʣʴ) ʚ 15 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 60 

ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (45.1 ʤʛ, 0.25 ʤʤʦʣʴ) 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʯʝʨʝʟ ʤʠʥʫʪʫ 

ʚʳʧʘʣ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʦʩʘʜʦʢ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ t = 60 ʉ ʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ, ʟʘʪʝʤ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʬʠʣʴʪʨʘʪ ʦʩʪʘʚʣʷʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 24 ʯ. ʇʦʣʫʯʝʥʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ, 

ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) 

ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ 95 ʤʛ (76%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C44H52Cd2N4O8: C, 53.40%; H 5.30%; N 5.66%. 

ʅʘʡʜʝʥʦ: C, 53.1%; H 5,3%; N 5,4%. ʀʂ (ʩʤ-1): 3434 ʩʣ. ʰ, 3056 ʩʣ, 2951 ʩʨ, 2922 ʩʣ, 2864 

ʩʣ, 1621 ʩʣ, 1563 ʩ, 1511 ʩʨ, 1494 ʩʨ, 1478 ʩʨ, 1455 ʩʣ, 1424 ʩ, 1412 ʩ, 1371 ʩʨ, 1358 ʩʨ, 1342 

ʩʨ, 1223 ʩʨ, 1140 ʩʣ, 1101 ʩʣ, 1046 ʩʣ, 1028 ʩʣ, 936 ʩʣ, 896 ʩʨ, 862 ʩʨ, 848 ʩʨ, 802 ʩʣ, 792 ʩʣ, 

778 ʩʣ, 729 ʩʨ, 637 ʩʣ, 600 ʩʣ, 533 ʩʣ, 419ʩʣ.

[Zn(piv)2(neocup)] (88)

ʂ ʨʘʩʪʚʦʨʫ ʧʠʚʘʣʘʪʘ ʮʠʥʢʘ (139 ʤʛ, 0.5 ʤʤʦʣʴ) ʚ 30 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 60 ʉ ʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (108 ʤʛ, 0.5 ʤʤʦʣʴ) ʩʝʤʠʛʠʜʨʘʪʘ 
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ʥʝʦʢʫʧʨʦʠʥʘ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʞʝʣʪʦʚʘʪʳʡ ʧʨʦʟʨʘʯʥʳʡ ʨʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ (60 ʉ) ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ 

ʥʘ 24 ʯ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ, ʢʦʪʦʨʳʝ 

ʦʪʜʝʣʷʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ 169 ʤʛ (71%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H30N2O4Zn : C, 60.57%; H 6.35%; N 5.89%. 

ʅʘʡʜʝʥʦ: C, 61.0%; H 6.0%; N 6.3%. ʀʂ (ʩʤ-1): 2959 ʩʨ, 2866 ʩʣ, 1593 ʩ, 1566 ʩ, 1502 ʩ, 1481 

ʦ. ʩ, 1456 ʩʨ, 1399 ʦ. ʩ, 1347 ʦ. ʩ, 1298 ʩʣ, 1217 ʦ. ʩ, 1151 ʩʨ, 1036 ʩʣ, 1002 ʩʣ, 941 ʩʣ, 896 ʩ, 

867 ʦ. ʩ, 845 ʩʨ, 807 ʩʨ, 790 ʩʨ, 777 ʩ, 733 ʩ, 680 ʩʨ, 658 ʩʨ, 615 ʦ. ʩ, 551 ʩ, 462ʩʣ. 

[Cd(piv)2(neocup)] (89)

ʂ ʩʫʩʧʝʥʟʠʠ ʧʠʚʘʣʘʪʘ ʢʘʜʤʠʷ (78.7 ʤʛ, 0.25 ʤʤʦʣʴ) ʚ 35 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 60 

ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (54 ʤʛ, 0.25 ʤʤʦʣʴ) ʩʝʤʠʛʠʜʨʘʪʘ 

ʥʝʦʢʫʧʨʦʠʥʘ. ʈʘʩʪʚʦʨ ʧʨʠʦʙʨʝʣ ʩʣʘʙʫʶ ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ. ʏʝʨʝʟ 75 ʤʠʥ ʥʘʙʣʶʜʘʣʠ 

ʚʳʧʘʜʝʥʠʝ ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ. ʂ ʨʘʩʪʚʦʨʫ ʧʨʠʣʠʣʠ 15 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʧʨʦʜʦʣʞʘʣʠ 

ʧʝʨʝʤʝʰʠʚʘʪʴ ʧʨʠʥʘʛʨʝʚʘʥʠʠ (t = 60 ʉ) ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʞʝʣʪʦʛʦ 

ʦʩʘʜʢʘ. ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʞʝʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʠ 

ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ. 

ɺʳʭʦʜ 112 ʤʛ (86%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C24H30CdN2O4: C, 55.13%; H 5.78%; N 5.36%. 

ʅʘʡʜʝʥʦ: C, 55.5%; H 6.1%; N 5.5%. ʀʂ (ʩʤ-1): 2974 ʩʨ, 2934 ʩʣ, 2866 ʩʣ, 1613 ʩʣ, 1591 ʩʣ, 

1531 ʦ. ʩ, 1502 ʦ. ʩ, 1482 ʦ. ʩ, 1456 ʩ, 1411 ʦ. ʩ, 1372 ʩ, 1356 ʦ. ʩ, 1294 ʩʣ, 1223 ʩ, 1156 ʩʨ, 

1149 ʩʣ, 1119 ʩʣ, 1035 ʩʨ, 989 ʩʣ, 937 ʩʣ, 898 ʦ. ʩ, 867 ʩ, 844 ʩʨ, 809 ʩ, 792 ʩʨ, 772 ʩʨ, 732 ʩ, 

680 ʩʨ, 654 ʩʨ, 608 ʦ. ʩ, 551 ʩʨ, 530 ʩʨ, 484 ʩʣ, 460 ʩʣ, 439 ʩʨ, 431 ʩʨ, 421 ʩʨ.

[Zn(piv)2(bathocup)]Ā0.5MeCN (90)

ʂ ʨʘʩʪʚʦʨʫ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʧʠʚʘʣʘʪʘ ʮʠʥʢʘ (92 ʤʛ, 0.34 ʤʤʦʣʴ) ʚ 40 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 60 ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (123 ʤʛ, 

0.34 ʤʤʦʣʴ) 2,9-ʜʠʤʝʪʠʣ-4,7-ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʨʦʟʨʘʯʥʳʡ 

ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ t = 75 ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 40 ʤʠʥ. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʬʠʣʴʪʨʘʪ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 48 ʯ. 

ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ 190 ʤʛ (85%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C74H79N5O8Zn2: C, 68.52.%; H 6.14%; N 5.40%. 

ʅʘʡʜʝʥʦ: C, 68.9%; H 6.5%; N 5.5%. ʀʂ (ʩʤ-1): 3047 ʩʣ, 2960 ʩʣ, 2928 ʩʣ, 2866 ʩʣ, 1621 ʩʣ, 

1584 ʩʨ, 1569 ʩʨ, 1553 ʩʨ, 1480 ʩʨ, 1439 ʩʨ, 1391 ʩʨ, 1355 ʩ, 1268 ʩʣ, 1218 ʩʨ, 1109 ʩʣ, 1078 

ʩʣ, 1031 ʩʣ, 998 ʩʣ, 928 ʩʣ, 893 ʩʨ, 857 ʩʣ, 828 ʩʣ, 806 ʩʣ, 790 ʩʣ, 778 ʩʨ, 761 ʩʣ, 733 ʩʨ, 713 

ʩ, 705 ʩ, 671 ʩʣ, 641 ʩʣ, 631 ʩʨ, 612 ʩʨ, 575 ʩʣ, 544 ʩʣ, 495 ʩʣ, 481 ʩʣ, 449 ʩʣ, 441ʩʣ.
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[Cd(piv)2(bathocup)]Ā0.5MeCN (91)

ʂ ʨʘʩʪʚʦʨʫ ʧʠʚʘʣʘʪʘ ʢʘʜʤʠʷ (78.7 ʤʛ, 0.25 ʤʤʦʣʴ) ʚ 40 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 60 ʉ 

ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (85.2 ʤʛ, 0.25 ʤʤʦʣʴ) 2,9-ʜʠʤʝʪʠʣ-4,7-

ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. ʆʙʨʘʟʦʚʘʣʩʷ ʣʠʤʦʥʥʦ-ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ, ʢʦʪʦʨʳʡ ʧʨʦʜʦʣʞʘʣʠ 

ʧʝʨʝʤʝʰʠʚʘʪʴ 3ʯ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʠ ʨʘʩʪʚʦʨʷʣʠ ʚ 30 ʤʣ ʙʝʥʟʦʣʘ. 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 48 ʯ ʦʙʨʘʟʦʚʘʣʠʩʴ ʞʝʣʪʳʝ 

ʢʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ 

ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʙʝʥʟʦʣʦʤ.

ɺʳʭʦʜ 121 ʤʛ (70%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C74H79Cd2N5O8: C, 63.88%; H 5.72%; N 5.03%. 

ʅʘʡʜʝʥʦ: C, 63.7%; H 6.0%; N 5.1%. ʀʂ (ʩʤ-1): 3396 ʩʣ. ʰ, 3048 ʩʣ, 2960 ʩʨ, 2868 ʩʣ, 1621 

ʩʨ, 1583 ʩʣ, 1570 ʩʨ, 1530 ʦ. ʩ, 1481 ʦ. ʩ, 1442 ʩ,1413 ʦ. ʩ, 1386 ʩʨ, 1373 ʩ, 1358 ʦ. ʩ, 1264 ʩʣ, 

1222 ʩ, 1205 ʩʨ, 1106 ʩʨ, 1080 ʩʣ, 1028 ʩʨ, 998 ʩʨ, 936 ʩʣ, 899 ʩ, 885 ʩʨ, 854 ʩʨ, 828 ʩʨ, , 09 

ʩʨ, 792 ʩʨ, 777 ʩ, 759 ʩʨ, 733 ʩ, 713 ʦ. ʩ, 706 ʦ. ʩ, 670 ʩʨ, 640 ʩʨ, 630 ʩ, 609 ʩ, 572 ʩʨ, 545 ʩʨ, 

530 ʩʨ, 494ʩʨ, 480 ʩʨ, 451 ʩʨ, 433 ʩʨ.

[Zn(piv)2(batho)] (92)

ʂ ʨʘʩʪʚʦʨʫ ʧʠʚʘʣʘʪʘ ʮʠʥʢʘ (267 ʤʛ, 1.0 ʤʤʦʣʴ) ʚ 70 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 60 ʉ ʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (332 ʤʛ, 1.0 ʤʤʦʣʴ) 4,7-ʜʠʬʝʥʠʣ-1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ. ʏʝʨʝʟ 5 ʤʠʥʫʪ ʦʙʨʘʟʦʚʘʣʩʷ ʣʠʤʦʥʥʦ-ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ, ʢʦʪʦʨʳʡ ʧʨʠ ʧʦʣʥʦʤ 

ʨʘʩʪʚʦʨʝʥʠʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʦʙʨʝʣ ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ. ʈʘʩʪʚʦʨ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʬʠʣʴʪʨʘʪ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 24 ʯʘʩʘ. 

ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʝʩʮʚʝʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ 

ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ 

(t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ ʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʛʝʢʩʘʥʦʤ.

ɺʳʭʦʜ 372 ʤʛ (62 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C34H34N2O4Zn : C, 68.06%; H 5.71%; N 4.67%. 

ʅʘʡʜʝʥʦ: C, 67.9%; H 6.1%; N 4.4%. ʀʂ (ʩʤ-1): 3060 ʩʣ, 3034 ʩʣ, 2953 ʩʣ, 2863 ʩʣ, 1987 ʩʣ, 

1620 ʩʣ, 1598 ʩʣ, 1562 ʩʨ, 1541 ʩʨ, 1522 ʩʨ, 1483 ʩ, 1455 ʩʣ, 1444 ʩʨ, 1420 ʩ, 1400 ʩʨ, 1374 ʩʨ, 

1358 ʩʨ, 1282 ʩʣ, 1225 ʩʨ, 1177 ʩʣ, 1122 ʩʣ, 1079 ʩʣ, 1029 ʩʣ, 1017 ʩʣ, 998 ʩʣ, 926 ʩʣ, 902 ʩʨ, 

887 ʩʨ, 844 ʩʨ, 836 ʩʨ, 810 ʩʨ, 7925 ʩʣ, 762 ʩʨ, 741 ʩʨ, 697 ʩ, 680 ʩʣ, 667 ʩʣ, 630 ʩʨ, 612 ʩʨ, 

595 ʩʨ, 575 ʩʣ, 549 ʩʣ, 535 ʩʣ, 498 ʩʣ, 473 ʩʨ.

[Cd2(piv)4(batho)2] (93)

ʂ ʩʫʩʧʝʥʟʠʠ ʧʠʚʘʣʘʪʘ ʢʘʜʤʠʷ (78.7 ʤʛ, 0.25 ʤʤʦʣʴ) ʚ 40 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 60 

ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (83.1 ʤʛ, 0.25 ʤʤʦʣʴ) 4,7-ʜʠʬʝʥʠʣ-

1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. ʏʝʨʝʟ 5 ʤʠʥʫʪ ʦʙʨʘʟʦʚʘʣʩʷ ʣʠʤʦʥʥʦ-ʞʝʣʪʳʡ ʨʘʩʪʚʦʨ, ʢʦʪʦʨʳʡ ʧʨʠ 

ʧʦʣʥʦʤ ʨʘʩʪʚʦʨʝʥʠʠ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʦʙʨʝʣ ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ. ʏʝʨʝʟ 30 

ʤʠʥʫʪ ʥʘʛʨʝʚʘʥʠʷ (t = 60 ʉ) ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨ ʧʨʠʦʙʨʝʣ ʬʠʦʣʝʪʦʚʫʶ ʦʢʨʘʩʢʫ. 



50

ʈʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʬʠʣʴʪʨʘʪ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 48 

ʯʘʩʦʚ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʙʝʩʮʚʝʪʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ 

ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ 111 ʤʛ (68%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C68H68CdN4O8: C, 63.11%; H 5.30%; N 4.33%. 

ʅʘʡʜʝʥʦ: C, 63.4%; H 5.3%; N 4.5%. ʀʂ (ʩʤ-1): 2954 ʩʣ, 2865 ʩʣ, 1620 ʩʣ, 1517ʩʨ, 1490 ʩʨ, 

1480 ʩʨ, 1441 ʩʣ, 1408 ʩʨ, 1371 ʩʨ, 1354 ʩʨ, 1260 ʩʣ, 1221 ʩʨ, 1090 ʩʨ, 1073 ʩʨ, 1019 ʩʨ, 899 

ʩʨ, 871 ʩʨ, 834 ʩʨ, 807 ʩʨ, 791 ʩʨ, 765 ʩʨ, 743 ʩʨ, 701 ʩʨ, 664 ʩʣ, 627 ʩʨ, 603 ʩʨ, 596 ʩʨ, 575 

ʩʨ, 548 ʩʣ, 528 ʩʣ, 507 ʩʣ, 482 ʩʣ, 470ʩʣ.

[Zn(piv)2(terpy)]ĀMeCN (94)

ʂ ʨʘʩʪʚʦʨʫ ʧʠʚʘʣʘʪʘ ʮʠʥʢʘ (267 ʤʛ, 1.0 ʤʤʦʣʴ) ʚ 40 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 60 ʉ ʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (230 ʤʛ, 1.0 ʤʤʦʣʴ) 2,2ǋ:6ǋ,2ǋǋ-

ʪʝʨʧʠʨʠʜʠʥʘ. ʅʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʞʝʣʪʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʨʘʩʪʚʦʨʷʣʩʷ ʯʝʨʝʟ 30 ʤʠʥ 

ʥʘʛʨʝʚʘʥʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʷʨʢʦ-ʞʝʣʪʦʛʦ ʨʘʩʪʚʦʨʘ. ʈʘʩʪʚʦʨ ʧʨʦʜʦʣʞʘʣʠ 

ʧʝʨʝʤʝʰʠʚʘʪʴ 2 ʯ ʧʨʠ ʧʨʠ t = 60 ʉ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʦʩʪʘʚʣʷʣʠ ʥʘ 24 ʯ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʞʝʣʪʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. 

ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 

ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ 324 ʤʛ (60%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C27H32N4O4Zn: C, 59.84 %; H 5.95%; N 10.34%. 

ʅʘʡʜʝʥʦ: C, 60.2%; H 6.2%; N 9.9%. ʀʂ (ʩʤ-1): 3060 ʩʣ, 3025 ʩʣ, 2949 ʩʨ, 2899 ʩʣ, 2863 ʩʣ, 

1595 ʦ. ʩ, 1573 ʦ. ʩ, 1500 ʩʣ, 1478 ʦ. ʩ, 1456 ʩ, 1439 ʩʨ, 1396 ʦ. ʩ, 1364 ʩʨ, 1347 ʦ. ʩ, 1320 ʩʨ, 

1304 ʩʣ, 1260 ʩʨ, 1221 ʩ, 1196 ʩʨ, 1162 ʩʨ, 1096 ʩʣ, 1051 ʩʣ, 1025 ʩʨ, 1015 ʩʨ, 969 ʩʣ, 932 ʩʣ, 

910 ʩʣ, 889 ʩ, 838 ʩʣ, 799 ʩʨ, 790 ʩʨ, 775 ʦ. ʩ, 738 ʩ, 663 ʩʣ, 650 ʩʨ, 638 ʩʨ, 611 ʩ, 549 ʩʨ, 514 

ʩʨ.

[Cd(piv)2(terpy)] (95)

ʂ ʨʘʩʪʚʦʨʫ ʧʠʚʘʣʘʪʘ ʢʘʜʤʠʷ (315 ʤʛ, 1.0 ʤʤʦʣʴ) ʚ 40 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 60 ʉ ʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (230 ʤʛ, 1.0 ʤʤʦʣʴ) 2,2ǋ:6ǋ,2ǋǋ-

ʪʝʨʧʠʨʠʜʠʥʘ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʦʩʘʜʢʘ. ʂ ʧʦʣʫʯʝʥʥʦʡ ʞʝʣʪʦ-

ʟʝʣʝʥʦʡ ʩʫʩʧʝʥʟʠʠʧʨʠʣʠʚʘʣʠ 10 ʤʣ ʵʪʘʥʦʣʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ (t = 60 ʉ) ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ, ʟʘʪʝʤ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ. ɾʝʣʪʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʯʝʨʝʟ 24 ʯ, ʙʳʣʠ 

ʧʨʠʛʦʜʥʳ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ 

ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ 417 ʤʛ (76%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C25H29CdN3O4: C, 54.80%; H 5.34%; N 7.67%. 

ʅʘʡʜʝʥʦ: C, 55.1%; H 5.7%; N 7.7%. ʀʂ (ʩʤ-1): 3104 ʩʣ, 3068 ʩʣ, 3022 ʩʣ, 2957 ʩʨ, 2864 ʩʣ, 

1574 ʩʨ, 1537 ʦ. ʩ, 1478 ʦ. ʩ, 1449 ʩ, 1404 ʦ. ʩ, 1371 ʩʨ, 1354 ʩ, 1315 ʩʨ, 1277 ʩʣ, 1252 ʩʣ, 1221 



51

ʩ, 1195 ʩʣ, 1160 ʩʨ, 1104 ʩʣ, 1077 ʩʣ, 1050 ʩʣ, 1009 ʩ, 894 ʩ, 834 ʩʣ, 806 ʩʨ, 792 ʩʨ, 775 ʦ. ʩ, 

736 ʩʨ, 723 ʩʣ, 650 ʩʨ, 632 ʩʨ, 604 ʩ, 530 ʩʨ, 515 ʩʨ, 484 ʩʣ, 459 ʩʣ, 451 ʩʣ, 427 ʩʨ.

[Zn(bzo)2(phen)Ö2H2O] (96)

ʉʤʝʩʴ Zn3(bzo)6(EtOH)2 (77 ʤʛ, 0.046 ʤʤʦʣʴ) ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ (30 ʤʛ, 0.167 

ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 25 ʤʣ ʵʪʘʥʦʣʘ, ʥʘʛʨʝʚʘʣʠ ʜʦ 75 ÁC ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ. 

ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ, ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʦʩʪʘʚʠʣʠ ʥʘ ʥʝʜʝʣʶ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. 

ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 

ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ 70 ʤʛ (68%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C42H54N2O6Zn: C, 67.42%; H 7.27%; N 3.74%. 

ʅʘʡʜʝʥʦ: C, 67.4%; H 6.9%; N 3.9%. ʀʂ (ʩʤ-1): 3535 ʩ, 3460 ʩ, 3055 ʩʣ, 2961 ʩ, 2904 ʩʨ, 2867 

ʩʨ, 1655 ʩʨ, 1624 ʩʨ, 1584 ʩʨ, 1546 ʩ, 1520 ʩʨ, 1496 ʩʣ, 1476 ʩʨ, 1460 ʩʨ, 1431 ʩ, 1401 ʩ, 1363 

ʩʨ, 1346 ʩʣ, 1289 ʩʨ, 1247 ʩʨ, 1224 ʩʣ, 1200 ʩʣ, 1148 ʩʣ, 1108 ʩʣ, 1013 ʩʣ, 891 ʩʣ, 857 ʩʨ, 825 

ʩʣ, 796 ʩʨ, 756 ʩʨ, 732 ʩʨ, 708 ʩʣ, 646 ʩʣ, 582 ʩʣ, 427ʩʣ.

[Zn(bzo)2(batho)(H2O)] (97)

ʉʤʝʩʴ Zn3(bzo)6(EtOH)2 (75 ʤʛ, 0.044 ʤʤʦʣʴ) ʠ 4,7-ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ (48 

ʤʛ, 0.144 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 25 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʥʘʛʨʝʚʘʣʠ ʜʦ 75 ÁCʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 1 ʯ. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ, ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʠʣʠ ʥʘ ʥʝʜʝʣʶ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ 

ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ 70 ʤʛ (60%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C54H60N2O5Zn: C, 73.50%; H 6.85%; N 3.18%. 

ʅʘʡʜʝʥʦ: C, 73.8%; H 6.6%; N 3.4%. ʀʂ (ʩʤ-1): 3429 ʩʣ, 3061 ʩʣ, 2962 ʩ, 2904 ʩʨ, 2867 ʩʨ, 

1619 ʩʨ, 1597 ʩʨ, 1560 ʩ, 1521 ʩ, 1494 ʩʨ, 1477 ʩʨ, 1460 ʩʨ, 1429 ʩ, 1393 ʩ, 1363 ʩ, 1287 ʩʨ, 

1247 ʩʨ, 1235 ʩʣ, 1202 ʩʣ, 1094 ʩʣ, 1019 ʩʣ, 924 ʩʣ, 898 ʩʣ, 860 ʩʣ, 842 ʩʣ, 826 ʩʣ, 811 ʩʣ, 794 

ʩʨ, 765 ʩʨ, 752 ʩʣ, 737 ʩʨ, 704 ʩ, 667 ʩʣ, 631 ʩʣ, 595 ʩʣ, 575 ʩʣ, 547 ʩʣ, 489 ʩʣ, 419ʩʣ. 

[Cd(bzo)2(batho)(H2O)] (98)

ʂ ʨʘʩʪʚʦʨʫ Cd(NO3)2 (236 ʤʛ, 1.0 ʤʤʦʣʴ) ʚ 35 ʤʣ ʵʪʘʥʦʣʘ ʧʨʠʣʠʚʘʣʠ ʨʘʩʪʚʦʨ KOH

(112 ʤʛ, 2.0 ʤʤʦʣʴ) ʠ 3,5-ʜʠʪʨʝʪʙʫʪʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (470 ʤʛ, 2.0 ʤʤʦʣʴ) ʚ 20 ʤʣ 

ʵʪʘʥʦʣʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʜʦ 70 ʉ ʠ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ 20 ʤʠʥ, ʟʘʪʝʤ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʫʧʘʨʠʚʘʥʠʝʤ ʜʦʚʝʣʠ ʦʙʲʝʤ ʬʠʣʴʪʨʘʪʘ ʜʦ 30 ʤʣ ʠ ʦʭʣʘʜʠʣʠ ʜʦ +5 ʉ. ʏʝʨʝʟ 

48 ʯʘʩʦʚ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʠ ʠ ʧʨʦʤʳʚʘʣʠ 

ʭʦʣʦʜʥʳʤ ʵʪʘʥʦʣʦʤ (ʚʝʩ ʩʫʭʦʛʦ ʦʩʘʜʢʘ 215 ʤʛ). ʂ ʨʘʩʪʚʦʨʫ 75 ʤʛ ʧʦʣʫʯʝʥʥʦʛʦ ʦʩʘʜʢʘ ʚ 30 

ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 60 ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʣʷʣʠ 

ʥʘʚʝʩʢʫ (48ʤʛ, 0.14 ʤʤʦʣʴ) 4,7-ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. ʆʙʲʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʫʧʘʨʠʚʘʥʠʝʤ ʜʦʚʦʜʠʣʠ ʜʦ 10 ʤʣ ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ 
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ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 70 ʉ ʨʘʩʪʚʦʨʠʣʠ ʚ 30 ʤʣ ʵʪʘʥʦʣʘ, ʧʨʠʣʠʣʠ 

ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ 15 ʤʣ ʛʦʨʷʯʝʛʦ ʘʮʝʪʦʥʠʪʨʠʣʘ (70 ʉ). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 

ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʯʝʨʝʟ 60 ʯ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t 

= -18 ʉ) ʵʪʘʥʦʣʦʤ.

ɺʳʭʦʜ 30 ʤʛ (24%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C54H60CdN2O5: C, 69.78%; H 6.51%; N 3.01%. 

ʅʘʡʜʝʥʦ: C, 70.1%; H 6.3%; N 2.8%. ʀʂ (ʩʤ-1): 3392 ʩʣ, 3063 ʩʣ, 2960 ʩ, 2902 ʩʨ, 2866 ʩʣ, 

2179 ʩʣ, 2160 ʩʣ, 2126 ʩʣ, 2048 ʩʣ, 2021 ʩʣ, 1971 ʩʣ, 1946 ʩʣ, 1801 ʩʣ, 1665 ʩʣ, 1608 ʩʣ, 1567 

ʩ, 1543 ʦ. ʩ, 1520 ʩʨ, 1491 ʩʨ, 1477 ʩʨ, 1459 ʩʨ, 1430 ʩ, 1389 ʦ. ʩ, 1360 ʩ, 1285 ʩ, 1261 ʩʨ, 1247 

ʩʨ, 1235 ʩʨ, 1201 ʩʣ, 1179 ʩʣ, 1159 ʩʣ, 1090 ʩʨ, 1074 ʩʨ, 1018 ʩʨ, 926 ʩʣ, 898 ʩʣ, 890 ʩʨ, 871 

ʩʨ, 863 ʩʨ, 849 ʩʨ, 834 ʩʨ, 823 ʩ, 806 ʩʨ, 794 ʦ. ʩ, 772 ʩʨ,762 ʩʨ, 745 ʦ. ʩ, 699 ʦ. ʩ, 665 ʩʨ, 627 

ʩʨ, 595 ʩʨ, 574 ʩʨ, 549 ʩʨ, 531 ʩʣ, 499 ʩʣ, 471 ʩ, 443 ʩʣ, 429 ʩʣ, 423ʩʣ.

[Zn2Ln(4-phbz)6(NO3)(py)2]ĿxMeCN (x = 0 ʜʣʷ 99ĿEu ʠ x = 2 ʜʣʷ 99*ĿLn) ʠ [Zn(4-

phbz)2(H2O)2]n (100)

ʄʝʪʦʜ ɸ (ʜʣʷ x=0: Ln = Eu).

ʂ ʩʫʩʧʝʥʟʠʠ [Zn2Eu(NO3)(piv)6(MeʉN)] (103 ʤʛ, 0.10 ʤʤʦʣʴ) ʠ ʧʠʨʠʜʠʥʘ (63 ʤʛ, 0.8 

ʤʤʦʣʴ) ʚ 40 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 75 ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ 

ʥʘʚʝʩʢʫ (199 ʤʛ, 1.00 ʤʤʦʣʴ) 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʨʦʟʨʘʯʥʳʡ 

ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ t = 75 ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 45 ʤʠʥ. ɻʦʨʷʯʠʡ ʨʘʩʪʚʦʨ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʬʠʣʴʪʨʘʪ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɹʝʩʮʚʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʯʝʨʝʟ 48 ʯ, ʙʳʣʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ. 

ɺʳʭʦʜ 57 ʤʛ (32 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷC88H64EuN3O15Zn2: C, 62.68%; H 3.83%; N 2.49%. 

ʅʘʡʜʝʥʦ: C, 62.6%; H 4.0%; N 2.2%. ʀʂ (ʩʤ-1): 3028 ʩʣ, 1678 ʩʣ, 1638 ʩʨ, 1608 ʩʨ, 1590 ʩ, 

1575 ʩ, 1543 ʩ, 1488 ʩʨ, 1473 ʩʨ, 1449 ʩʨ, 1404ʦ. ʩ, 1299 ʩ, 1218 ʩʣ, 1186 ʩʨ, 1158 ʩʣ, 1105 ʩʣ, 

1073 ʩʨ, 1047 ʩʨ, 1032 ʩʣ, 1018 ʩʣ, 1008 ʩʨ, 919 ʩʣ, 864 ʩʨ, 817 ʩʣ, 793 ʩʨ, 746 ʦ. ʩ, 696 ʦ. ʩ, 

653 ʩʨ, 642 ʩʨ, 578 ʩʣ, 542 ʩʣ, 475 ʩ, 422ʩʣ.

ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʯʝʨʝʟ 36-48 ʯ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʙʨʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) 

ʘʮʝʪʦʥʠʪʨʠʣʦʤ. ʇʦʣʫʯʝʥʥʫʶ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ ʫʜʘʣʦʩʴ 

ʨʘʟʜʝʣʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠ ʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʦʤʠʤʦ 99*ĿLn

ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʩʦʝʜʠʥʝʥʠʝ [Zn(4-phbz)2(H2O)2]n (100) (ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ).

ɺʝʱʝʩʪʚʦ 100ʧʦʣʫʯʝʥʦ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʀʂ (ʩʤ-1): 3064cʣ. ʰ, 1642cʣ, 1595c, 

1576c, 1541c, 1491cʨ, 1470cʨ, 1450cʨ, 1399o. c, 1293c, 1221cʨ, 1180cʨ,1169cʣ, 1105cʣ, 
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1073cʣ, 1046cʣ, 1008cʨ, 916cʣ, 862cʨ, 817cʣ, 792cʨ, 747o. c, 695o. c, 653cʨ, 641cʣ, 582cʣ, 

543cʣ, 483c, 449cʣ, 430cʣ, 418cʨ.

ʄʝʪʦʜ ɹ (ʜʣʷ x=0: Ln = Eu; ʜʣʷ x = 2: Ln = Eu, Gd, Tb). 

ʂ ʛʦʨʷʯʝʤʫ (t = 75 oC) ʨʘʩʪʚʦʨʫ ʧʠʨʠʜʠʥʘ (356 ʤʛ, 4.5 ʤʤʦʣʴ) ʚ 50 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ 

ʧʨʠ ʘʢʪʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦʦʯʝʨʝʜʥʦ ʧʨʠʙʘʚʣʷʣʠ ʥʘʚʝʩʢʠ Zn(NO3)2Ā6H2O(298 ʤʛ, 1.0 

ʤʤʦʣʴ), Ln(NO3)3Ā6H2O(0.5 ʤʤʦʣʴ) ʠ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (595 ʤʛ, 3.0 ʤʤʦʣʴ), 

ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʨʦʜʦʣʞʘʣʠʧʝʨʝʤʝʰʠʚʘʪʴ 45 ʤʠʥʫʪ, ʟʘʪʝʤ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, 

ʨʘʩʪʚʦʨ ʦʭʣʘʜʠʣʠ ʠ ʯʝʨʝʟ 2-3 ʯ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ, ʤʘʪʦʯʥʳʡ 

ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʯʝʨʝʟ 36-48 ʯ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʙʨʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ. 

ɺʳʭʦʜʳ ʧʦ Ln: 494 ʤʛ (Eu, 56%), 351 ʤʛ (Gd, 40%), 539 ʤʛ (Tb, 61%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ

C92H70EuN5O15Zn2: C, 62.49%; H 3.99%; N 3.96%. ʅʘʡʜʝʥʦ: C, 62.6%; H 3.9%; N 3.5%. 

ɺʳʯʠʩʣʝʥʦ ʜʣʷC92H70GdN5O15Zn2: C, 62.30%; H 3.98%; N 3.95%. ʅʘʡʜʝʥʦ: C, 62.2%; H

3.8%; N3.5%. ɺʳʯʠʩʣʝʥʦ ʜʣʷC92H70TbN5O15Zn2: C, 62.24%; H 3.98%; N3.95%. ʅʘʡʜʝʥʦ: C, 

62.3%; H 3.9%; N 3.6%.

[Zn2Ln(4-phbz)6(NO3)(2,3-Lut )2]Ŀ2.75MeCNĿH2O (101ĿEu).

ʂ ʛʦʨʷʯʝʤʫ (t = 75 oC) ʨʘʩʪʚʦʨʫ 2,3-ʣʫʪʠʜʠʥʘ (215 ʤʛ, 2 ʤʤʦʣʴ) ʚ 50 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ 

ʧʨʠ ʘʢʪʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʦʦʯʝʨʝʜʥʦ ʧʨʠʙʘʚʣʷʣʠ ʥʘʚʝʩʢʠ Zn(NO3)2Ā6H2O (149 ʤʛ, 

0.50 ʤʤʦʣʴ), Ln(NO3)3Ā6H2O(113, 0.25 ʤʤʦʣʴ) ʠ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (298 ʤʛ, 

1.5 ʤʤʦʣʴ), ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʧʨʦʜʦʣʞʘʣʠ ʧʝʨʝʤʝʰʠʚʘʪʴ 45 ʤʠʥʫʪ, ʟʘʪʝʤ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʨʘʩʪʚʦʨ ʦʭʣʘʜʠʣʠ ʠ ʯʝʨʝʟ 2-3 ʯ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ(t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ. 

ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʬʠʣʴʪʨʘʪ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳʦʩʪʘʚʠʣʠ ʥʘ 36-48 ʯ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ. 

ɺʳʭʦʜ: 191 ʛ (41 %).ɺʳʯʠʩʣʝʥʦ ʜʣʷ C97.50H82.25EuN5.75O16Zn2: C, 62.52%; H 4.43%; N

4.30%. ʅʘʡʜʝʥʦ: C, 62.7%; H 4.3%; N 4.8%. ʀʂ (ʩʤ-1): 3058 ʩʣ, 1641 ʩʣ, 1598 ʩ, 1576 ʩ, 1539 

ʩ, 1462 ʩʨ, 1448 ʩʨ, 1396 ʦ. ʩ, 1301 ʩʨ, 1242 ʩʣ, 1194 ʩʣ, 1181 ʩʣ, 1139 ʩʣ, 1104 ʩʣ, 1075 ʩʣ, 

1031 ʩʣ, 1008 ʩʨ, 914 ʩʣ, 862 ʩʨ, 817 ʩʣ, 791 ʩ, 745 ʦ. ʩ, 722 ʩʨ, 694 ʦ. ʩ, 652 ʩʨ, 638 ʩʣ, 605 

ʩʣ, 583 ʩʣ, 542 ʩʣ, 477 ʩ, 446 ʩʨ, 438 ʩʨ, 420 ʩʨ.

[Zn 2Ln(4-phbz)6(NO3)(bpy)2] (102ĿLn, Ln = Eu, Gd, Tb) ʠ [Zn(4-phbz)2(bpy)] (103)

ʂ ʩʫʩʧʝʥʟʠʠ [Zn2Ln(NO3)(piv)6(MeʉN)] (Ln = Eu: 155 ʤʛ; Ln = Gd: 156 ʤʛ; Ln = Tb: 

156 ʤʛ, 0.15 ʤʤʦʣʴ) ʠ 2,2-ʙʠʧʠʨʠʜʠʣʘ (60 ʤʛ, 0.375 ʤʤʦʣʴ) ʚ 40 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ t = 75 
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ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (299 ʤʛ, 1.5 ʤʤʦʣʴ) 4-

ʬʝʥʠʣʙʝʥʟʦʬʥʦʡ ʢʠʩʣʦʪʳ. ʂʠʧʷʱʠʡ ʨʘʩʪʚʦʨ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ, ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 

3-5 ʤʠʥ ʥʘʙʣʶʜʘʣʠʧʦʣʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʚʩʝʭ ʨʝʘʛʝʥʪʦʚ, ʟʘʪʝʤ ʧʦ ʤʝʨʝ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʦ ʦʙʲʸʤʘ ʚ 25 ʤʣ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʙʝʩʮʚʝʪʥʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʦʪ ʛʦʨʷʯʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠ 

ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ. ʌʠʣʴʪʨʘʪ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 24 ʯʘʩʘ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺr ʭʦʜ 178 -195 ʤʛ (65 -71%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C98H70EuN5O15Zn2: C, 63.96%; H 3.83%; 

N3.81%. ʅʘʡʜʝʥʦ: C, 64.2%; H 3.5%; N3.7%. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C98H70TbN5O15Zn2: C, 63.72%; 

H 3.81%; N 3.79%. ʅʘʡʜʝʥʦ: C, 64.0%; H 3.6%; N 3.9%. ʀʂ (ʩʤ-1): 3028 ʩʣ, 1597 ʩ, 1576 ʩ, 

1549 ʩ, 1492 ʩʣ, 1476 ʩʣ, 1443 ʩʨ, 1396 ʦ. ʩ, 1332 ʩ, 1317 ʩ, 1249 ʩʣ, 1179 ʩʣ, 1157 ʩʣ, 1104 ʩʣ, 

1076 ʩʣ, 1060 ʩʣ, 1041 ʩʣ, 1025 ʩʣ, 1008 ʩʨ, 974 ʩʣ, 914 ʩʣ, 865 ʩʨ, 820 ʩʣ, 794 ʩʨ, 750 ʦ. ʩ, 

736 ʩ, 694 ʩ, 651 ʩʨ, 633 ʩʣ, 576 ʩʣ, 544 ʩʣ, 471 ʩ, 435 ʩʣ, 412 ʩʨ.

ʄʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ 102ĿTbʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʯʝʨʝʟ 36-48 ʯ ʥʘʙʣʶʜʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʠ ʦʪ ʨʘʩʪʚʦʨʘ ʠ ʧʨʠʣʠʣʠ ʢ ʥʝʤʫ 10 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʧʦʤʝʩʪʠʣʠ ʚ ʪʝʬʣʦʥʦʚʳʡ ʛʝʨʤʝʪʠʯʥʳʡ ʩʦʩʫʜ ʠ 

ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ t = 100 ʉ ʚ ʪʝʯʝʥʠʝ 48 ʯ, ʤʝʜʣʝʥʥʦ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 24 ʯ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [Zn(4-phbz)2(bpy)] 

(103), ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ.

ɺʳʭʦʜ 5 ʤʛ (6%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C36H26N2O4.75Zn: C, 68.85%; H 4.17%; N 4.46%. 

ʅʘʡʜʝʥʦ: C, 69.0 %; H 4.5 %; N4.4 %. ʀʂ (ʩʤ-1): 3110cʣ, 3056cʣ, 3034cʣ, 1607c, 1589c, 1576c, 

1533c, 1489cʨ, 1475cʨ, 1440c, 1401o. c, 1317c, 1251cʨ, 1223cʣ, 1203cʣ, 1180cʨ, 1151cʨ, 

1098cʣ, 1073cʣ, 1058cʣ, 1041cʣ, 1026cʨ, 1007cʨ, 986cʣ, 913cʣ, 861c, 816cʣ, 794cʨ, 775c, 745o. 

c, 736o. c, 707cʨ, 692o. c, 650c, 634cʨ, 556cʣ, 542cʣ, 528cʣ, 479c, 459c, 448cʨ, 437cʣ, 419c.

[Gd(piv)3(H2O)3]Ŀ2Hpiv (104)

ʂ ʩʫʩʧʝʥʟʠʠʧʠʚʘʣʘʪʘ ʢʘʜʤʠʷ (46 ʤʛ, 0.20 ʤʤʦʣʴ) ʚ 20 ʤʣ ʵʪʘʥʦʣʘ ʧʨʠ t = 60 ʉ ʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ (18 ʤʛ, 0.10 ʤʤʦʣʴ), 

Gd(NO3)3Ŀ6H2O(90 ʤʛ, 0.2 ʤʤʦʣʴ)ʠ ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (40 ʤʛ, 0.40 ʤʤʦʣʴ). ʏʝʨʝʟ 20 ʤʠʥ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʬʠʣʴʪʨʘʪ ʦʭʣʘʜʠʣʠ ʜʦ 5 ʉ ʠ ʦʩʪʘʚʠʣʠ ʥʘ 60 ʯʘʩʦʚ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (-18 ʉ) ʵʪʘʥʦʣʦʤ.

ɺʳʭʦʜ 46 ʤʛ (32%). ɺʳʯʠʩʣʝʥʦʜʣʷ C25H53GdO13: C, 41.77%; H 7.43%. ʅʘʡʜʝʥʦ: C, 

41.9%; H 7.2%. ʀʂ (ʩʤ-1): 3389 ʩ, 2964 ʩ, 2932 ʩʨ, 2874 ʩʨ, 2559 ʩʣ, 2427 ʩʣ, 1686 ʩ, 1602 ʩ, 

1574 ʩʨ, 1543 ʦ. ʩ, 1485 ʦ. ʩ, 1462 ʩ, 1419 ʦ. ʩ, 1384 ʦ. ʩ, 1365 ʦ. ʩ, 1305 ʩʨ, 1228 ʩ, 1201 ʩ, 
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1032 ʩʣ, 938 ʩʣ, 905 ʩʨ, 869 ʩʣ, 814 ʩʣ, 792 ʩʣ, 764 ʩʣ, 669 ʩʣ, 611 ʩʣ, 589 ʩʣ, 563 ʩʣ, 538 ʩʣ, 

404ʩʣ.

[LnCd 2(piv)7(H2O)2]nĿMeCN (105ĿLn, Ln = Eu, Gd, Tb)

ʅʘʚʝʩʢʠ {Cd(piv)2} (450 ʤʛ, 1.43 ʤʤʦʣʴ) ʠ [Ln2(piv)6(Hpiv)7] (0.33 ʤʤʦʣʴ, Ln = Eu, 

Gd, Tb) ʨʘʩʪʚʦʨʷʣʠ ʚ 25 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ (75 ÁC) ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥ, ʟʘʪʝʤ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʬʠʣʴʪʨʘʪ ʦʩʪʘʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 48 ʯʘʩʦʚ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. 

ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 

ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ. 

ɺʳʭʦʜ 545-660 ʤʛ (71-86% ʧʦ Ln). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C35H67Cd2EuO16: C, 37.51%; H

6.03%. ʅʘʡʜʝʥʦ: C, 37.9%; H 6.0%. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C35H67Cd2GdO16: C, 37.34%; H 6.00%. 

ʅʘʡʜʝʥʦ: C, 37.8%; H 6.1%. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C35H67Cd2TbO16: C, 37.28%; H 5.99%. ʅʘʡʜʝʥʦ: 

C, 37.5%; H 5.9%.

ʀʂ (ʩʤ-1): 3352 ʩʣ, 2961 ʩʣ, 1594 ʩʨ, 1534 ʩ, 1511 ʩ, 1480 ʩ, 1460 ʩʨ, 1416 ʩ, 1362 ʩ, 

1224 ʩʨ, 1031 ʩʣ, 900 ʩʣ, 805 ʩʣ, 789 ʩʣ, 602 ʩʨ, 562 ʩʣ, 540 ʩʨ, 414ʩʣ.

[Ln(4-phbz)3]n (106ĿLn)

ʄʝʪʦʜA (ʜʣL̫n = Sm, Eu, Gd, Tb, Dy, Ho). 

ʉʫʩʧʝʥʟʠʶ Ln(NO3)3ĀxH2O (yʤʛ, 0.4 ʤʤʦʣʴ), 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (238 

ʤʛ, 1.2 ʤʤʦʣʴ) ʠ ʩʫʭʦʛʦ KOH(67 ʤʛ, 1.2 ʤʤʦʣʴ) ʚ MeCN(40 ʤʣ) ʥʘʛʨʝʚʘʣʠ ʜʦ ʢʠʧʝʥʠʷ 

ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 4 ʯ. ʈʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʢ ʙʝʣʦʤʫ ʦʩʘʜʢʫ 

ʧʨʠʣʠʣʠ EtOH(50 ʤʣ), ʥʘʛʨʝʚʘʣʠ ʜʦ ʢʠʧʝʥʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʯ. ɹʝʣʳʡ 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʩʥʦʚʘ ʧʨʠʣʠʣʠ ʢ ʦʩʘʜʢʫ 60 ʤʣ EtOH, ʥʘʛʨʝʚʘʣʠ ʜʦ 75 ÁC ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯ. ɹʝʣʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʚʳʩʫʰʠʣʠ ʧʨʠ 100 ÁC. 

ɼʣʷ [Sm(4-phbz)3]n Ln = Sm, x = 6, y= 178 ʤʛ. ɺʳʭʦʜ: 142 ʤʛ (48%). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C39H27O6Sm (%): C, 63.13%; H, 3.67%. ʅʘʡʜʝʥʦ: C, 62.7; H, 3.9. ʀʂ (ʩʤ-1): 3028 

ʩʣ, 1606 ʩʨ, 1584 ʩʨ, 1570 ʩʨ, 1541 ʩʨ, 1524 ʩ, 1510 ʩ, 1485 ʩʨ, 1448 ʩʨ, 1404 ʩ, 1366 ʦ. 

ʩ, 1304 ʩ, 1292 ʩʨ, 1193 ʩʨ, 1175 ʩʨ, 1159 ʩʨ, 1143 ʩʨ, 1106 ʩʨ, 1075 ʩʣ, 1018 ʩʣ, 1007 

ʩʨ, 966 ʩʣ, 915 ʩʣ, 857 ʩ, 790 ʩ, 745 ʦ. ʩ, 708 ʩʨ, 695 ʦ. ʩ, 652 ʩ, 615 ʩʣ, 552 ʩ, 543 ʩʨ, 

528 ʩʨ, 473 ʦ. ʩ, 411m.

ɼʣʷ [Eu(4-phbz)3]n Ln = Eu, x = 6, y= 178 ʤʛ. ɺʳʭʦʜ: 151 ʤʛ (51%). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C39H27EuO6 (%) C, 62.99; H, 3.66. ʅʘʡʜʝʥʦ (%): C, 62.1; H, 3.3. ʀʂ (ʩʤ-1): 3028 ʩʣ, 

1606 ʩʨ, 1585 ʩʨ, 1570 ʩʨ, 1542 ʩʨ, 1525 ʩ, 1510 ʩ, 1485ʩʨ, 1448 ʩʨ, 1404 ʩ, 1366 ʦ. ʩ, 

1305 ʩ, 1293 ʩʨ, 1192 ʩʨ, 1176 ʩʨ, 1159 ʩʨ, 1143 ʩʨ, 1106 ʩʨ, 1075 ʩʣ, 1018 ʩʣ, 1007 ʩʨ, 

966 ʩʣ, 915 ʩʣ, 857 ʩ, 790 ʩ, 745 ʦ. ʩ, 708 ʩʨ, 695 ʦ. ʩ, 652 ʩ, 552 ʩ, 543 ʩʨ, 528 ʩʨ, 472 

ʦ. ʩ, 428m.
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ɼʣʷ [Gd(4-phbz)3]n Ln = Gd, x = 6, y= 181 ʤʛ. ɺʳʭʦʜ: 190 ʤʛ (63%). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C39H27GdO6(%): C, 62.54; H, 3.63. ʅʘʡʜʝʥʦ (%): C, 62.8; H 3.4. ʀʂ (ʩʤ
-1): 3028 ʩʣ, 

1606 ʩʨ, 1585 ʩʨ, 1570 ʩʨ, 1545 ʩʨ, 1525 ʩ, 1518 ʩ, 1513 ʩ, 1485 ʩʨ, 1448 ʩʨ, 1404 ʩ, 

1369 ʦ. ʩ, 1304 ʩ, 1292 ʩʨ, 1192 ʩʨ, 1176 ʩʨ, 1143 ʩʨ, 1105 ʩʨ, 1075 ʩʣ, 1038 ʩʣ, 1018 

ʩʣ, 1006 ʩʨ, 966 ʩʣ, 915 ʩʣ, 861 ʩ, 790 ʩ, 745 ʦ. ʩ, 708 ʩʨ, 693 ʦ. ʩ, 652 ʩ, 544 ʩʨ, 527 ʩʨ, 

472 ʦ. ʩ, 423 ʩʨ, 412m.

ɼʣ[̫Tb(4-phbz)3]n Ln = Tb, x = 6, y= 181 ʤʛ. ɺʳʭʦʜ: 168 ʤʛ (56%). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C39H27O6Tb (%): C, 62.41; H, 3.63. ʅʘʡʜʝʥʦ (%): C, 62.0; H, 3.4. ʀʂ (ʩʤ-1): 3028 ʩʣ, 

1606 ʩʨ, 1586 ʩʨ, 1571 ʩʨ, 1511 ʩ, 1448 ʩʨ, 1404 ʩ, 1379 ʦ. ʩ, 1176 ʩʨ, 1144 ʩʨ, 1106 ʩʨ, 

1075 ʩʣ, 1007 ʩʨ, 915 ʩʣ, 861 ʩ, 790 ʩ, 745 ʦ. ʩ, 694 ʦ. ʩ, 653 ʩ, 543 ʦ. ʩ, 473 ʦ. ʩ, 429m.

ɼʣʷ [Dy(4-phbz)3]n Ln = Dy, x = 5, y= 183 ʤʛ. ɺʳʭʦʜ: 156 ʤʛ (52%). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C39H27DyO6 (%): C, 62.11; H, 3.61. ʅʘʡʜʝʥʦ (%): C, 61.8; H, 3.5. ʀʂ (ʩʤ-1): 3027 

ʩʣ, 1606 ʩʨ, 1585 ʩʨ, 1570 ʩʨ, 1544 ʩʨ, 1527 ʩ, 1512 ʩ, 1485, 1448 ʩʨ, 1405 ʩ, 1376 ʦ. ʩ, 

1304 ʩ, 1192 ʩʨ, 1175 ʩʨ, 1143 ʩʨ, 1105 ʩʨ, 1075 ʩʣ, 1018 ʩʣ, 1006 ʩʨ, 966 ʩʣ, 915 ʩʣ, 

863 ʩʣ, 790 ʩ, 745 ʦ. ʩ, 708 ʩʨ, 694 ʦ. ʩ, 653 ʩ, 546 ʩʨ, 528 ʩʨ, 472 ʦ. ʩ, 424 ʩʨ, 414m.

ɼʣ[̫Ho(4-phbz)3]n Ln = Ho, x = 5, y = 176 ʤʛ. ɺʳʭʦʜ: 195 ʤʛ (64%). ɺʳʯʠʩʣʝʥʦ 

ʜʣʷ C39H27HoO6 (%): C, 61.91; H, 3.60. ʅʘʡʜʝʥʦ (%): C, 61.6; H, 3.3. ʀʂ (ʩʤ-1): 3027 

ʩʣ, 1606 ʩʨ, 1584 ʩʨ, 1569 ʩʨ, 1545 ʩʨ, 1528 ʩ, 1518 ʩ, 1513 ʩ, 1485 ʩʨ, 1449 ʩʨ, 1406 ʩ, 

1381 ʦ. ʩ, 1304 ʩ, 1292 ʩʨ, 1192 ʩʨ, 1144 ʩʨ, 1108 ʩʨ, 1075 ʩʣ, 1007 ʩʨ, 916ʩʣ, 864 ʩ, 

791 ʩ, 747 ʦ. ʩ, 708 ʩʨ, 695 ʦ. ʩ, 654 ʩ, 547 ʩʨ, 527 ʩʨ, 473 ʦ. ʩ, 427 ʩʨ, 416m.

ʄʝʪʦʜ ɹ (ʜʣʷ Ln = Eu). 

ʉʫʩʧʝʥʟʠʶ {[EuCd2(piv)7(H2O)2] MeCN} n (11.0 ʤʛ, 0.0095ʤʤʦʣʴ) ʠ4-ʬʝʥʠʣ-

ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (10.0 ʤʛ, 0.0505 ʤʤʦʣʴ) ʚ 5 ʤʣ MeCNʧʦʤʝʩʪʠʣʠ ʚ ʪʝʬʣʦʥʦʚʳʡ 

ʨʝʘʢʪʦʨ ʠ ʥʘʛʨʝʚʘʣʠ ʧʨʠ 120 ÁCʚ ʪʝʯʝʥʠʝ 14 ʯ, ʟʘʪʝʤ ʦʩʪʘʚʠʣʠ ʤʝʜʣʝʥʥʦ ʦʩʪʳʚʘʪʴ ʚ 

ʨʝʘʢʪʦʨʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʙʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ ʦʩʪʘʚʣʷʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʤʝʩʷʮ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ.

ɺʳʭʦʜ: 1.7 ʤʛ (24%). ʀʂ (ʩʤ-1): 3028 ʩʣ, 1605 ʩʨ, 1585 ʩʨ, 1570 ʩʨ, 1545 ʩʨ, 1525 

ʩ, 1510 ʩ, 1485 ʩʨ, 1448 ʩʨ, 1404 ʩ, 1364 ʦ. ʩ, 1304 ʩ, 1292 ʩʨ, 1192 ʩʨ, 1175 ʩʨ, 1160 

ʩʨ, 1143 ʩʨ, 1038 ʩʣ, 1019 ʩʣ, 1105 ʩʨ, 1075 ʩʣ, 1006 ʩʨ, 966 ʩʣ, 915 ʩʣ, 857 ʩ, 790 ʩ, 

745 ʦ. ʩ, 707 ʩʨ, 693 ʦ. ʩ, 652 ʩ, 639 ʩʣ, 616 ʩʣ, 568 ʩʣ, 543 ʩʨ, 527 ʩʨ, 471 ʦ. ʩ, 420 ʩʨ, 

409m.

[Cu2Ln2(OH)2(piv)8(H2O)4]Ŀ4EtOH (107ĿLn, Ln = Gd, Eu, Tb, Dy)

ʄʝʪʦʜɸ(Ln = Eu, Gd, Tb, Dy).

ʉʤʝʩʴ [Ln2(piv)6(Hpiv)7] (x ʤʛ, 0.1 ʤʤʦʣʴ) ʠ [Cu2(piv)4(Hpiv)2] (147 ʤʛ, 0.2 ʤʤʦʣʴ) 

ʨʘʩʪʠʨʘʣʠ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʩʤʝʩʠ ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5-7 
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ʤʠʥʫʪ ʧʨʠ 165 ÁC, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʜʳʤʦʚʳʜʝʣʝʥʠʝ. ʂ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠʣʠʚʘʣʠ 

o-ʢʩʠʣʦʣ (2 ʤʣ), ʘ ʟʘʪʝʤ ʥʘʛʨʝʚʘʣʠ ʜʦ 165 ÁC ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʦ-

ʢʩʠʣʦʣʘ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʙʠʨʶʟʦʚʳʡ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ ʢʠʧʷʱʝʤ ʵʪʘʥʦʣʝ (40 ʤʣ), 

ʙʠʨʶʟʦʚʳʡ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠ ʜʦ 20-25 ʤʣ ʠ ʦʩʪʘʚʣʷʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 60 ʯ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. 

ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʦʪ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʚ ʭʦʣʦʜʥʦʤ MeCN

(5-8 ʤʣ, 2 ÁC). 

ɼʣʷ {Cu2Eu2} x = 178 ʤʛ. ɺʳʭʦʜ: 76 ʤʛ (50%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C48H106Cu2Eu2O26 (%): 

C, 37.67; H, 6.98. ʅʘʡʜʝʥʦ(%): C, 37.3; H, 7.1. 

ɼʣʷ {Cu2Gd2} x = 162 ʤʛ. ɺʳʭʦʜ: 83 ʤʛ (54%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C48H106Cu2Gd2O26 (%): 

C, 37.41; H, 6.93. ʅʘʡʜʝʥʦ(%): C, 37.1; H, 7.0. 

ɼʣʷ {Cu2Tb2} x = 178 ʤʛ. ɺʳʭʦʜ: 80 ʤʛ (52%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C48H106Cu2Tb2O26 (%): 

C, 37.33; H, 6.92. ʅʘʡʜʝʥʦ(%): C, 37.0; H, 6.9. 

ɼʣʷ {Cu2Dy2} x = 178 ʤʛ. ɺʳʭʦʜ: 75 ʤʛ (48%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C48H106Cu2Dy2O26 (%): 

C, 37.16; H, 6.89. ʅʘʡʜʝʥʦ(%): C, 37.3; H, 6.8. 

ʀʂ (ʩʤ-1): 2961 ʩʨ, 2929 ʩʣ, 2868 ʩʣ, 1528 ʦ. ʩ, 1482 ʦ. ʩ, 1458 ʩʨ, 1419 ʦ. ʩ, 1376 ʩ, 

1359 ʩ, 1225 ʩ, 1089 ʩʣ, 1046 ʩʨ, 938 ʩʣ, 897 ʩʨ, 806 ʩʨ, 788 ʩʨ, 702 ʩʨ, 602 ʩ, 575 ʩʨ, 537 ʩʨ, 

442 ʩ, 430 ʩʨ, 419 ʩʨ.

ʄʝʪʦʜɹ(Ln = Gd).

ʂʨʘʩʪʚʦʨʫGd(NO3)3Ā6H2O (180 ʤʛ, 0.4 ʤʤʦʣʴ), Cu(NO3)2Ā3H2O (193 ʤʛ, 0.8 ʤʤʦʣʴ) ʠ

ʧʠʚʘʣʠʥʦʚʦʡʢʠʩʣʦʪʳ(286 ʤʛ, 2.8 ʤʤʦʣʴ) ʚʛʦʨʷʯʝʤMeCN (75ÁC) ʧʨʠʣʠʚʘʣʠʨʘʩʪʚʦʨNaOH 

(112 ʤʛ, 2.8 ʤʤʦʣʴ) ʚʛʦʨʷʯʝʤEtOH (15 ʤʣ, 75 ÁC). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʠʧʷʪʠʣʠ ʠ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʆʙʨʘʟʦʚʘʣʩʷ ʛʦʣʫʙʦʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʠ, ʨʘʩʪʚʦʨʷʣʠ ʚ ʛʦʨʷʯʝʤ EtOH(30 ʤʣ, 75 ÁC), 

ʧʦʣʫʯʝʥʥʳʡ ʵʪʘʥʦʣʴʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʬʠʣʴʪʨʘʪ ʦʩʪʘʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 60 ʯ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. 

ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ MeCN(5-8 ʤʣ, 2 ÁC). 

ɺʳʭʦʜ: 82 ʤʛ (26%). ɺʳʯʠʩʣʝʥʦ ʜʣʷC48H106Cu2Gd2O26 (%): C, 37.41; H, 6.93. 

ʅʘʡʜʝʥʦ(%): C, 37.1; H, 7.0. ʀʂ (ʩʤ-1): 2961 ʩʨ, 2929 ʩʣ, 2868 ʩʣ, 1528 ʦ. ʩ, 1482 ʦ. ʩ, 1458 

ʩʨ, 1419 ʦ. ʩ, 1376 ʩ, 1359 ʩ, 1225 ʩ, 1089 ʩʣ, 1046 ʩʨ, 938 ʩʣ, 897 ʩʨ, 806 ʩʨ, 788 ʩʨ, 702 ʩʨ, 

602 ʩ, 575 ʩʨ, 537 ʩʨ, 442 ʩ, 430 ʩʨ, 419 ʩʨ.

[Cu9Ln9(piv)21(ɛ3-OH)21(OH)(EtOH) 5]2+Ŀ2(NO3
-) (108ĿLn, Ln = Eu, Gd, Dy, Tb)

ʄʝʪʦʜɸ(Ln = Eu, Gd, Dy, Tb).

ʂʠʧʷʱʠʡʵʪʘʥʦʣʴʥʳʡʨʘʩʪʚʦʨNaOH (120 ʤʛ, 3.0 ʤʤʦʣʴ) ʧʨʠʣʠʚʘʣʠʢʨʘʩʪʚʦʨʫ

[Cu2(piv)4(Hpiv)2] (396 ʤʛ, 0.54 ʤʤʦʣʴ) ʠLn(NO3)3ĀxH2O (x = 5: Ln = Dy; x = 6: Ln = Eu, Gd,

Tb; 1.08 ʤʤʦʣʴ) ʚʛʦʨʷʯʝʤʘʮʝʪʦʥʠʪʨʠʣʝ(50 ʤʣ, ~78 ÁC). ʆʙʨʘʟʦʚʘʚʰʫʶʩʷ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ 
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ʜʦ ʢʠʧʝʥʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʦʭʣʘʞʜʘʣʠ ʜʦ 40-50 ÁC, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ. ʀʟ ʛʦʣʫʙʦʛʦ ʧʨʦʟʨʘʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ 1-2 ʩʫʪ 

ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t 

= -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.ɺʳʭʦʜ: 320-370 ʤʛ (ʦʢʦʣʦ 50-60%). 

ɺʳʯʠʩʣʝʥʦ ʜʣʷ C123H259Cu9Eu9N4O77: C, 29.75; H, 5.26; N, 1.13 ʅʘʡʜʝʥʦ: C, 29.9; H, 

5.4; N, 1.2. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C123H259Cu9Gd9N4O77: C, 29.47; H, 5.21; N, 1.12 ʅʘʡʜʝʥʦ: C, 29.4; 

H, 5.0; N, 1.3.ɺʳʯʠʩʣʝʥʦ ʜʣʷ C123H259Cu9Dy9N4O77: C, 29.19; H, 5.16; N, 1.11ʅʘʡʜʝʥʦ: C, 

29.0; H, 5.3; N, 1.0. ɺʳʯʠʩʣʝʥʦ ʜʣʷ C123H259Cu9Tb9N4O77: C, 29.38; H, 5.19; N, 1.11 ʅʘʡʜʝʥʦ: 

C, 29.1; H, 5.1; N, 1.0. ʀʂ (ʩʤī1): 3612 ʩʣ, 3468ʩʣ. ʰ, 3371ʩʣ. ʰ, 2962 ʩʨ, 2930 ʩʣ, 2871 ʩʣ, 

1688 ʩʣ, 1597 ʩ, 1548 ʦ. ʩ, 1484 ʦ. ʩ, 1460 ʩʨ, 1423 ʦ. ʩ, 1360 ʦ. ʩ, 1227 ʩ, 1071 ʩʣ, 1050 ʩʣ, 

1031 ʩʣ, 896 ʩʨ, 823 ʩʣ, 785 ʩʣ, 738 ʩʣ, 707ʩʨ, 612 ʩʨ, 595 ʩʨ, 566 ʩʨ, 492 ʩʣ, 476 ʩʣ, 435ʩʣ.

ʄʝʪʦʜ ɹ (Ln = Gd).

ʂʨʘʩʪʚʦʨʫGd(NO3)3Ā6H2O (226ʤʛ, 0.50ʤʤʦʣʴ), Cu(NO3)2Ā3H2O (122ʤʛ, 0.50ʤʤʦʣʴ) 

ʠʧʠʚʘʣʠʥʦʚʦʡʢʠʩʣʦʪʳ(119ʤʛ, 1.17 ʤʤʦʣʴ) ʚʛʦʨʷʯʝʤMeCN (75ÁC) ʧʨʠʣʠʚʘʣʠʨʘʩʪʚʦʨ

NaOH (96 ʤʛ, 2.39 ʤʤʦʣʴ) ʚʛʦʨʷʯʝʤEtOH (15 ʤʣ, 75 ÁC). ʇʦʣʫʯʝʥʥʳʡ ʛʦʣʫʙʦʡ ʨʘʩʪʚʦʨ 

ʢʠʧʷʪʠʣʠ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 45 ʤʠʥʫʪ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ. ʀʟ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ 24 ʯ ʥʘʙʣʶʜʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʠ ʧʨʦʤʳʚʘʣʠ 

ʭʦʣʦʜʥʳʤ MeCN(5-8 ʤʣ, 2 ÁC).

ɺʳʭʦʜ: 95 ʤʛ (34%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C123H259Cu9Gd9N4O77: C, 29.47; H, 5.21; N, 1.12 

ʅʘʡʜʝʥʦ: C, 29.2; H, 5.6; N, 1.0. ʀʂ (ʩʤī1): 3612 ʩʣ, 3468ʩʣ. ʰ, 3371ʩʣ. ʰ, 2962 ʩʨ,2930 ʩʣ, 

2871 ʩʣ, 1688 ʩʣ, 1597 ʩ, 1548 ʦ. ʩ, 1484 ʦ. ʩ, 1460 ʩʨ, 1423 ʦ. ʩ, 1360 ʦ. ʩ, 1227 ʩ, 1071 ʩʣ, 

1050 ʩʣ, 1031 ʩʣ, 896 ʩʨ, 823 ʩʣ, 785 ʩʣ, 738 ʩʣ, 707 ʩʨ, 612 ʩʨ, 595 ʩʨ, 566 ʩʨ, 492 ʩʣ, 476 ʩʣ, 

435ʩʣ.

[Cu10Ho9(piv)23(m3-OH)22(H2O)4]2+Ŀ2(NO3
-)Ŀ3Me2COĿEtOH (109)

ʅʘʚʝʩʢʠ [Cu2(piv)4(Hpiv)2] (132 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ Ho(NO3)3Ŀ5H2O(159 ʤʛ, 0.36 ʤʤʦʣʴ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ MeCN ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (75 ÁC) ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ 

ʨʘʩʪʚʦʨʫ ʧʨʠʣʠʚʘʣʠ ʨʘʩʪʚʦʨ NaOH(40 ʤʛ, 1 ʤʤʦʣʴ) ʚ ʛʦʨʷʯʝʤ (75 ÁC) EtOH. ʈʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʫʧʘʨʠʣʠ ʜʦ 5 ʤʣ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʛʦʣʫʙʦʛʦ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ 24 ʯ ʥʘʙʣʶʜʘʣʠ ʚʳʧʘʜʝʥʠʝ 

ʛʦʣʫʙʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʠ ʨʘʩʪʚʦʨʠʣʠ ʚ 25 ʤʣ ʘʮʝʪʦʥʘ. ʇʦʣʫʯʝʥʥʳʡ ʛʦʣʫʙʦʡ 

ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʫʧʘʨʠʚʘʣʠ ʜʦ 10 ʤʣ ʠ ʯʝʨʝʟ 60 ʯ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) 

ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ: 6 ʤʛ (3 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C126H261Cu10Ho9N2O83 (%): C, 28,81; H, 5,01; N, 

0.53. ʅʘʡʜʝʥʦ(%): C,28.9; H, 4.8; N 0.9. ʀʂ (ʩʤ-1): 3365ʩʨ.h, 2962ʩʨ, 2930ʩʨ, 2871ʩʨ, 1600
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ʩ,1553ʦ. ʩ,1484ʦ. ʩ,1460ʩ,1423ʦ. ʩ,1361ʦ. ʩ,1228ʦ. ʩ,1031ʩʨ, 937ʩʨ, 897ʩʨ, 836ʩʣ,

790ʩʨ, 744ʩʨ, 709ʩʨ, 597ʩ,569ʩʨ, 501ʩʨ.

[Cu9Ln9(piv)21(OH)21(H2O)(EtOH)5Cl]2+Ŀ2(NO3
-) (110ĿLn, Ln = Gd, Tb)

ʄʝʪʦʜɸ (Ln = Gd, Tb). 

ʂʨʘʩʪʚʦʨʫ[Cu9Gd9(piv)21(ɛ3-OH)21(OH)(EtOH)5]
2+Ŀ2(NO3)

- (100.0 ʤʛ, 0.02 ʤʤʦʣʴ) ʚ

ʩʤʝʩʠMeCN (15 ʤʣ) ʠEtOH (10 ʤʣ) ʧʨʠʥʘʛʨʝʚʘʥʠʠ(50 ÁC) ʠʧʝʨʝʤʝʰʠʚʘʥʠʠʧʨʠʙʘʚʣʷʣʠ

ʨʘʩʪʚʦʨZnCl2 (8.2 ʤʛ, 0.06 ʤʤʦʣʴ) ʚʩʤʝʩʠMeCN (5 ʤʣ) ʠEtOH (5 ʤʣ). ʆʙʨʘʟʫʶʱʫʶʩʷ 

ʩʫʩʧʝʥʟʠʶʧʝʨʝʤʝʰʠʚʘʣʠ ʝʱʝ 15 ʤʠʥ, ʘ ʟʘʪʝʤ ʦʩʪʘʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 1 ʯ. 

ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʠ ʠ ʨʘʩʪʚʦʨʠʣʠ ʚ 25 ʤʣ ʵʪʘʥʦʣʘ. 

ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʠʣʠ 10 ʤʣ ʙʝʥʟʦʣʘ, ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʨʘʩʪʚʦʨ, ʫʧʘʨʠʣʠ 

ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʜʦ 20 ʤʣ ʠ ʦʩʪʘʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 48ʯ. ʅʘʙʣʶʜʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t 

= -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ:40ʤʛ (41%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C115H235ClCu9Gd9N2O75 (%): C, 28.37; H, 4.87; N, 

0.58. ʅʘʡʜʝʥʦ(%): C, 28.0; H, 4.9; N 0.3. ʀʂ (ʩʤ-1): 3620ʩʣ, 3451ʩʣ. h , 2961ʩʨ, 2930ʩʣ, 2904

ʩ,2870ʩʣ, 1696ʩʣ, 1599ʩ,1552ʦ. ʩ,1484ʦ. ʩ,1459ʩʨ, 1423ʦ. ʩ,1360ʦ. ʩ,1227ʩ,1052ʩʣ,

1031ʩʣ, 936ʩʣ, 895ʩʨ, 784ʩʣ, 759ʩʣ, 710ʩʣ, 611ʩʣ, 592ʩʨ, 566ʩʨ, 508ʩʣ, 463ʩʣ, 450ʩʣ,

437ʩʣ, 423ʩʣ.

ɼʣʷ Ln = Tb ʧʨʠʤʝʥʷʣʘʩʴ ʤʝʪʦʜʠʢʘ, ʘʥʘʣʦʛʠʯʥʘʷ ʚʳʰʝʦʧʠʩʘʥʥʦʡ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʥʘʚʝʩʢʠ 200 ʤʛ (0.04 ʤʤʦʣʴ) [Cu9Tb9(piv)21(ɛ3-OH)21(OH)(EtOH)5]
2+Ŀ2(NO3)

- ʠ 16 ʤʛ (0.12 

ʤʤʦʣʴ) ZnCl2ʠ ʜʚʫʢʨʘʪʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝʡ.

ɺʳʭʦʜ:52ʤʛ (54%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C115H235ClCu9Tb9N2O75 (%): C, 28.28; H, 4.85; N, 

0.57. ʅʘʡʜʝʥʦ(%): C, 28.2; H, 5.1; N 0.4. 

ʄʝʪʦʜɹ(Ln = Gd).

ʂʨʘʩʪʚʦʨʫ[Cu9Gd9(piv)21(ɛ3-OH)21(OH)(EtOH)5]
2+Ŀ2(NO3)

- (100.0 ʤʛ, 0.02 ʤʤʦʣʴ) ʚ

ʩʤʝʩʠMeCN (15 ʤʣ) ʠEtOH (10 ʤʣ) ʧʨʠʥʘʛʨʝʚʘʥʠʠ(50 ÁC) ʠʧʝʨʝʤʝʰʠʚʘʥʠʠʧʨʠʙʘʚʣʷʣʠ

ʨʘʩʪʚʦʨCoCl2Ŀ6H2O (14.3 ʤʛ, 0.06 ʤʤʦʣʴ) ʚʩʤʝʩʠMeCN (5 ʤʣ) ʠEtOH (5 ʤʣ). 

ʆʙʨʘʟʫʶʱʫʶʩʷ ʩʫʩʧʝʥʟʠʶ ʧʝʨʝʤʝʰʠʚʘʣʠ ʝʱʝ 15 ʤʠʥ, ʘ ʟʘʪʝʤ ʦʩʪʘʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 1 ʯ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʠ ʠ 

ʨʘʩʪʚʦʨʠʣʠ ʚ 25 ʤʣ ʵʪʘʥʦʣʘ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʠʣʠ 10 ʤʣ ʙʝʥʟʦʣʘ ʠ 5 ʤʣ 

CH2Cl2, ʟʘʪʝʤ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ, ʫʧʘʨʠʣʠ ʜʦ 20 ʤʣ ʠ ʦʩʪʘʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 48 ʯ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ 

ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʵʪʘʥʦʣʦʤ.

ɺʳʭʦʜ: 5 ʤʛ (5%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C115H235ClCu9Gd9N2O75 (%): C, 28.37; H, 4.87; N, 

0.58. ʅʘʡʜʝʥʦ(%): C, 28.1; H, 4.4; N 0.3. 
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[Cu9Gd9(2-naph)21(H2O)6(OH)21Cl]2+Ŀ2(NO3
-)Ŀ18H2O (111)

ʅʘʚʝʩʢʠCuCl2Ŀ2H2O (51 ʤʛ, 0.3 ʤʤʦʣʴ) ʠ Gd(NO3)3Ŀ6H2O (136 ʤʛ, 0.3 ʤʤʦʣʴ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ 30 ʤʣ MeCNʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (75 ÁC) ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʤʥʦ-

ʞʝʣʪʦʛʦ ʨʘʩʪʚʦʨʘ. ʅʘʚʝʩʢʠ 2-ʥʘʬʪʦʡʥʦʡ ʢʠʩʣʦʪʳ (103 ʤʛ, 0.6 ʤʤʦʣʴ) ʠ NaOH(60 ʤʛ, 1.5 

ʤʤʦʣʴ) ʨʘʩʪʚʦʨʷʣʠ ʚ 30 ʤʣ EtOHʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (75 ÁC) ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɼʚʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʪʚʦʨʘ ʩʤʝʰʠʚʘʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʘʢʪʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʙʣʝʜʥʦ-ʛʦʣʫʙʦʛʦ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʢʠʧʷʪʠʣʠ 

ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ 40 ÁCʠ ʬʠʣʴʪʨʦʚʘʣʠ. ʀʟ ʛʦʣʫʙʦʛʦ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ 48 ʯ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ 

ʦʪʜʝʣʷʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ. 

ɺʳʭʦʜ:18ʤʛ (8%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C231H216ClCu9Gd9N2O93 (%): C, 42.48; H, 3.33; N, 

0.43. ʅʘʡʜʝʥʦ(%): C, 42.1; H, 3.6; N 0.6. ʀʂ (ʩʤ-1): 3428ʩʣ. h , 3055 ʩʣ, 1632 ʩʣ, 1600 ʩʨ, 1585 

ʩʨ, 1546 ʩ, 1503 ʩʨ, 1467 ʩ, 1398 ʦ. ʩ, 1355 ʦ. ʩ, 1269 ʩʨ, 1240 ʩʨ, 1205 ʩʨ, 1137 ʩʨ, 1105 ʩʣ, 

1043 ʩʣ, 1017 ʩʣ, 955 ʩʣ, 915 ʩʣ, 895 ʩʣ, 866 ʩʨ, 834 ʩʣ, 785 ʦ. ʩ, 762 ʩ, 736 ʩʨ, 709 ʩʨ, 637 ʩʣ, 

595 ʩʨ, 562 ʩʨ, 516 ʩʣ, 506 ʩʣ, 487 ʩʨ, 471 ʩʨ, 443ʩʣ.

[Cu3Gd2(piv)8(NO3)4(Pyz)3]n (112)

ʂ ʨʘʩʪʚʦʨʫ [Cu2(piv)2(Hpiv)4] (100 ʤʛ, 0.135 ʤʤʦʣʴ) ʚ 25 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠʙʘʚʣʷʣʠ 

ʥʘʚʝʩʢʫ (60 ʤʛ, 0.75 ʤʤʦʣʴ) ʧʠʨʘʟʠʥʘ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. ʂ 

ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʨʠʙʘʚʠʣʠ ʥʘʚʝʩʢʫ (122 ʤʛ, 0.27 ʤʤʦʣʴ) Gd(NO3)3Ā6H2O. ʈʘʩʪʚʦʨ 

ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ ʥʘʙʣʶʜʘʣʠ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʦʪ ʟʝʣʝʥʦ-ʩʠʥʝʡ ʠ 

ʛʦʣʫʙʦʡ ʜʦ ʪʝʤʥʦ-ʩʠʥʝʡ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʬʠʦʣʝʪʦʚʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʠʟ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ 24 ʯ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ. 

ɺʳʭʦʜ: 25 ʤʛ (16%ʧʦ Cu). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C52H84Cu3Gd2N10O28 (%): C,34,65; H, 4,70; 

N, 7,77. ʅʘʡʜʝʥʦ(%): C, 34,2; H, 5,0; N 7,80. ʀʂ (ʩʤ-1): 2959 ʩʨ, 2926 ʩʣ, 1603 ʦ. ʩ, 1481 ʦ. ʩ, 

1456 ʩʨ, 1416 ʦ. ʩ, 1376 ʩ, 1360 ʩ, 1291 ʩʣ, 1224 ʦ. ʩ, 1160 ʩʣ, 1135 ʩʣ, 1071 ʩʣ, 1046 ʩ, 937 ʩʣ, 

895 ʩʨ, 798 ʩʨ, 789 ʩ, 746 ʩʣ, 618 ʩ, 443ʦʩ.

[EuCu2(piv)7(H2O)2]nĿ1.5nC2H5OH (113)

ʅʘʚʝʩʢʠ [Cu2(piv)4(Hpiv)2] (132 ʤʛ, 0.18 ʤʤʦʣʴ) ʠ Gd(OTf)3 (216 ʤʛ, 0.36 ʤʤʦʣʴ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ 40 ʤʣ MeCN ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (75 ÁC) ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʂ ʧʦʣʫʯʝʥʥʦʡ 

ʩʫʩʧʝʥʟʠʠ ʧʨʠʣʠʚʘʣʠ ʨʘʩʪʚʦʨ NaOH (40 ʤʛ, 1.0 ʤʤʦʣʴ) ʚ ʛʦʨʷʯʝʤ (75 ÁC) EtOH. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ (75 ÁC) ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʈʘʩʪʚʦʨ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʠ ʫʧʘʨʠʚʘʣʠ ʜʦ 20 ʤʣ. ʀʟ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ 24 ʯ ʥʘʙʣʶʜʘʣʠ ʚʳʧʘʜʝʥʠʝ 

ʛʦʣʫʙʦʛʦ ʦʩʘʜʢʘ, ʢʦʪʦʨʳʡ ʦʪʜʝʣʷʣʠ ʠ ʨʘʩʪʚʦʨʠʣʠ ʚ 35 ʤʣ ʵʪʘʥʦʣʘ. ʈʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, 

ʫʧʘʨʠʣʠ ʜʦ 20 ʤʣ. ʏʝʨʝʟ 12 ʯ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ)ɻ ʪʘʥʦʣʦʤ.
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ɺʳʭʦʜ:35 ʤʛ (31 %). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C38H76Cu2EuO17.5 (%): C, 41.79; H, 7.01. 

ʅʘʡʜʝʥʦ(%): C, 41.4; H, 7.3. ʀʂ (ʩʤ-1): 3334ʩʣ. ,h 2960ʩʨ, 2930ʩʣ, 2871ʩʣ, 1562ʦ. ʩ,1544

ʦ. ʩ,1482ʦ. ʩ,1460ʩʨ, 1414ʦ. ʩ,1377ʩ,1359ʩ,1260ʩʨ, 1226ʦ. ʩ,1195ʩʨ, 1173ʩʨ, 1092ʩʣ,

1037ʩʨ, 937ʩʣ, 899ʩʨ, 806ʩʣ, 788ʩʨ, 766ʩʣ, 616ʩʨ, 567ʩʨ, 552ʩʣ, 535ʩʣ, 517ʩʣ, 480ʩʣ,

470ʩʣ, 438ʩʨ.

[Cu12Gd6(piv)10(OH)28(H2O)14]4+Ŀ(ʉO3
2-)(piv-)(OTf -)(Hpiv)ȚxH2OȚyEtOH (114)

(ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʵʪʘʥʦʣʘ ʠʟ ʜʘʥʥʳʭ ʈʉɸ ʫʪʦʯʥʠʪʴ ʥʝ ʫʜʘʣʦʩʴ ʚʩʣʝʜʩʪʚʠʝ ʠʭ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ)

ʂʨʘʩʪʚʦʨʫGd(OTf)3 (216 ʤʛ, 0.36 ʤʤʦʣʴ) ʠ[Cu2(piv)4(Hpiv)2] (132 ʤʛ, 0.18 ʤʤʦʣʴ) ʚ

ʛʦʨʷʯʝʤEtOH (75ÁC) ʧʨʠʣʠʚʘʣʠʨʘʩʪʚʦʨNaOH (40 ʤʛ, 1.0 ʤʤʦʣʴ) ʚʛʦʨʷʯʝʤEtOH (15 ʤʣ, 

75 ÁC). ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʠʧʷʪʠʣʠ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ, ʟʘʪʝʤ 

ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ. ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ 60 

ʯ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ 

ʜʝʢʘʥʪʘʮʠʝʡ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ MeCN(5-8 ʤʣ, 2 ÁC). 

ɺʳʭʦʜ: 8 ʤʛ (3 %). ʅʘʡʜʝʥʦ(%): C, 22.5; H, 4.7. ʀʂ (ʩʤ-1): 3582ʩʣ, 3390ʩʣ. h , 2963ʩʨ,

2928ʩʣ, 2873ʩʣ, 1570ʩ,1538ʦ. ʩ,1482ʦ. ʩ,1458ʩʨ, 1416ʦ. ʩ,1377ʩ,1360ʦ. ʩ,1262ʩʣ,

1225ʩ,1175ʩʣ, 1088ʩʣ, 1047ʩʨ, 938ʩʣ, 897ʩʨ, 806ʩʨ, 789ʩʣ, 696ʩʨ, 616ʩʨ, 602ʩ,574ʩʨ,

535ʩʨ, 447ʩʨ.

[Cu2(fur )4(MeCN)2]Ŀ2MeCN (115)

ʅʘʚʝʩʢʠ Cu(NO3)2Ŀ3H2O (121 ʤʛ, 0.5 ʤʤʦʣʴ) ʠ Gd(NO3)3Ŀ6H2O (226 ʤʛ, 0.5 ʤʤʦʣʴ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ MeCN(10 ʤʣ)/EtOH(20ʤʣ) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (75 ÁC) ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʛʦʣʫʙʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʣʠʚʘʣʠ ʤʘʣʳʤʠ ʧʦʨʮʠʷʤʠ ʛʦʨʷʯʠʡ (75 ÁC) ʨʘʩʪʚʦʨ 

NaOH (86 ʤʛ, 2.15 ʤʤʦʣʴ) ʚ 20 ʤʣ EtOH. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʢ ʥʝʤʫ ʧʨʠʣʠʣʠ 40 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʢ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʨʠʙʘʚʠʣʠ 

ʥʘʚʝʩʢʫ (131 ʤʛ, 1.17 ʤʤʦʣʴ) 2-ʬʫʨʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʠʧʷʪʠʣʠ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 3 ʯ, ʦʭʣʘʜʠʣʠ ʜʦ 40-50 ÁC. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʙʝʩʮʚʝʪʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʠʟ ʙʠʨʶʟʦʚʦʛʦ ʬʠʣʴʪʨʘʪʘ ʯʝʨʝʟ 16 ʯ ʥʘʙʣʶʜʘʣʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ ʛʦʣʫʙʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʠ ʧʨʦʤʳʚʘʣʠ 

ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ11 ʤʛ(11%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C28H24Cu2N4O12 (%): C, 45.72; H,3.29; N, 7.62. 

ʅʘʡʜʝʥʦ(%): C, 45.4; H, 3.6; N 7.2.

[Cu2(NaphAc)4(MeCN)2]Ŀ2MeCN (116)

ʅʘʚʝʩʢʠCu(NO3)2Ŀ3H2O (121 ʤʛ, 0.5 ʤʤʦʣʴ) ʠGd(NO3)3Ŀ6H2O (226 ʤʛ, 0.5 ʤʤʦʣʴ) 

ʨʘʩʪʚʦʨʷʣʠʚʩʤʝʩʠMeCN (10 ʤʣ)/EtOH (20ʤʣ) ʧʨʠʥʘʛʨʝʚʘʥʠʠ(75 ÁC) ʠʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʛʦʣʫʙʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʣʠʚʘʣʠ ʤʘʣʳʤʠ ʧʦʨʮʠʷʤʠ ʛʦʨʷʯʠʡ (75 ÁC) ʨʘʩʪʚʦʨ 

NaOH (86 ʤʛ, 2.15 ʤʤʦʣʴ) ʚ 20 ʤʣ EtOH. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ 
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ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʢ ʥʝʤʫ ʧʨʠʣʠʣʠ 40 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʢ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʨʠʙʘʚʠʣʠ 

ʥʘʚʝʩʢʫ (219 ʤʛ, 1.17 ʤʤʦʣʴ) 1-ʥʘʬʪʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʠʧʷʪʠʣʠ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʦʭʣʘʜʠʣʠ ʜʦ 30 ÁC. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʙʝʩʮʚʝʪʥʳʡ ʠ ʙʠʨʶʟʦʚʳʡ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʦʩʘʜʢʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʟʝʣʝʥʳʡ ʬʠʣʴʪʨʘʪ 

ʦʩʪʘʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 24 ʯ ʠ ʥʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ 

ʟʝʣʝʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ.

ɺʳʭʦʜ: 62ʤʛ(24%). ɺʳʯʠʩʣʝʥʦ ʜʣʷ C56H48Cu2N4O8 (%): C, 65.17; H, 4.69; N, 5.43. 

ʅʘʡʜʝʥʦ(%): C, 65.3; H, 4.4; N 5.2. ʀʂ (ʩʤ-1): 3054ʩʣ, 3009ʩʣ, 2937ʩʣ, 2302ʩʣ, 2275ʩʣ,

2251ʩʣ, 1617ʦ. ʩ,1598ʩ,1511ʩʨ, 1394ʦ. ʩ,1296ʩʨ, 1260ʩʨ, 1238ʩʨ, 1186ʩʣ, 1168ʩʣ, 1142

ʩʣ, 1077ʩʣ, 1020ʩʣ, 931ʩʣ, 882ʩʣ, 862ʩʣ, 835ʩʣ, 805ʩʨ, 793ʩ,782ʦ. ʩ,715ʩ,639ʩ,590

ʩʨ, 578ʩʨ, 544ʩ,473ʩʣ, 463ʩʣ, 438ʩʨ, 431ʩʨ, 419ʩʣ.

[Cu36Gd24(OH)72(PhCO2)60(NO3)6(MeCN)2(H2O)10]Ŀ6(NO3
-)Ŀ7MeCN (117)

ʅʘʚʝʩʢʠ Cu(NO3)2Ŀ3H2O (121 ʤʛ, 0.5 ʤʤʦʣʴ) ʠ Gd(NO3)3Ŀ6H2O (226 ʤʛ, 0.5 ʤʤʦʣʴ) 

ʨʘʩʪʚʦʨʷʣʠ ʚ ʩʤʝʩʠ MeCN(10 ʤʣ)/EtOH(20ʤʣ) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (75 ÁC) ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʛʦʣʫʙʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʣʠʚʘʣʠ ʤʘʣʳʤʠ ʧʦʨʮʠʷʤʠ ʛʦʨʷʯʠʡ (75 ÁC) ʨʘʩʪʚʦʨ 

NaOH (86 ʤʛ, 2.15 ʤʤʦʣʴ) ʚ 20 ʤʣ EtOH. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʢ ʥʝʤʫ ʧʨʠʣʠʣʠ 40 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʢ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʧʨʠʙʘʚʠʣʠ 

ʥʘʚʝʩʢʫ (143 ʤʛ, 1.17 ʤʤʦʣʴ) ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʢʠʧʷʪʠʣʠ ʧʨʠ 

ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 1 ʯ, ʟʘʪʝʤ ʦʩʪʘʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 

2 ʯ. ʅʘʙʣʶʜʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʦʛʦ ʦʩʘʜʢʘ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʬʠʣʴʪʨʘʪ 

ʦʩʪʘʚʠʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 5 ʩʫʪ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʢʨʫʧʥʳʝ ʛʦʣʫʙʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʈʉɸ. ʂʨʠʩʪʘʣʣʳ ʦʪʜʝʣʷʣʠ ʜʝʢʘʥʪʘʮʠʝʡ ʠ 

ʧʨʦʤʳʚʘʣʠ ʭʦʣʦʜʥʳʤ (t = -18 ʉ) ʘʮʝʪʦʥʠʪʨʠʣʦʤ. 

ɺʳʭʦʜ: 37 ʤʛ(18% ʧʦ Cu). ʅʘʡʜʝʥʦ(%): C, 33.2; H, 2.1; N 1.1. ʀʂ (ʩʤ-1): 3478ʩʣ. ,h 

1594ʩ,1544ʦ. ʩ,1493ʩʨ, 1402ʦ. ʩ,1302ʩ,1177ʩʣ, 1070ʩʣ, 1025ʩʨ, 846ʩʣ, 818ʩʣ, 716ʦ. 

ʩ,685ʩʨ, 670ʩʨ, 562ʩʣ, 512ʩʣ, 466ʩʣ.



63

ɻʣʘʚʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ

ɼʣʷ ʩʠʥʪʝʟʘ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʤʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳʩʣʝʜʫʶʱʠʝʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ: 1) ʦʙʤʝʥʥʳʝ ʨʝʘʢʮʠʠʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʣʝʡʤʝʪʘʣʣʦʚ ʩʩʦʣʷʤʠʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ; 2) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭʩʦʣʝʡʤʝʪʘʣʣʦʚ ʩʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ; 3) ʟʘʤʝʱʝʥʠʝ ʧʠʚʘʣʘʪ-

ʘʥʠʦʥʦʚʚ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭʥʘ ʘʥʠʦʥʳ ʜʨʫʛʦʡʢʘʨʙʦʥʦʚʦʡʢʠʩʣʦʪ.r

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʝ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʤʳ ʨʘʟʜʝʣʠʣʠ ʥʘ 

ʧʷʪʴ ʯʘʩʪʝʡ: 3.1. ʇʝʨʚʘʷ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Zn ʠ Cdʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 3.2. ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʦʙʩʫʞʜʘʶʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠ 

ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ln(III) ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ZnII-LnIII ʠ CdII-LnIII. 3.3. ɺ ʪʨʝʪʝʡ ʯʘʩʪʠ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʷʭ Cu-Ln. 3.4. ɺ ʯʝʪʚʝʨʪʦʡ ʯʘʩʪʠ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʪʠʯʝʩʢʠʭ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ Zn(II), Cd(II) ʠ Ln(III), ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥ ʚ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʯʘʩʪʷʭ. 3.5. ɺ 

ʧʷʪʦʡ ʯʘʩʪʠ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʛʦʤʦ- ʠ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ,ʧʦʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʦ ʚ ʯʘʩʪʷʭ ʜʚʘ ʠ ʪʨʠ.

3.1. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ(II ) ʠ ʢʘʜʤʠʷ(II ).

ʇʨʷʤʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʠʚʘʣʘʪʦʚ Zn(II) ʠ Cd(II) ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ {M(piv)2} [52, 

55] ʠʣʠ 3,5-ʜʠʪʨʝʪʙʫʪʠʣʙʝʥʟʦʘʪʘ Zn(II) ʩʦʩʪʘʚʘ [Zn3(bzo)6(EtOH)2] [141] ʩʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʠʜʝʥʪʘʪʥʳʭ ʭʝʣʘʪʠʨʫʶʱʠʭ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ï2.2ǋ-

ʙʠʧʠʨʠʜʠʥʦʤ (bpy), 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ (phen), 2.9-ʜʠʤʝʪʠʣ-1.10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ 

(neocup), 4.7-ʜʠʬʝʥʠʣ-1.10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ (batho), 2.9-ʜʠʤʝʪʠʣ-4.7-ʜʠʬʝʥʠʣ-1.10-

ʬʝʥʘʥʪʨʦʣʠʥʦʤ (bathocup) ʠ 2,2ǋ;6ǋ,2"-ʪʝʨʧʠʨʠʜʠʥʦʤ (terpy) ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ 

ʩʝʨʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: [Zn(piv)2(bpy)] (84 ʠ 84* ), [Cd2(piv)4(bpy)2] (85), 

[Zn2(piv)4(phen)2] (86), [Cd2(piv)4(phen)2] (87), [M(piv)2(neocup)] (M = Zn (88), Cd (89)), 

[M(piv)2(bathocup)]Ā0.5MeCN(M = Zn (90), Cd(91)), [Zn(piv)2(batho)] (92), [Cd2(piv)4(batho)2] 

(93), [Zn(piv)2(terpy)]ĀMeCN (94), [Cd(piv)2(terpy)] (95), [Zn(bzo)2(phen)Ö2H2O] (96),

[Zn(bzo)2(batho)(H2O)] (97).

ʉʦʝʜʠʥʝʥʠʝ [Cd(bzo)2(batho)(H2O)] (98) ʧʦʣʫʯʘʣʠ ʚ ʜʚʝ ʩʪʘʜʠʠ ʠʟ ʥʠʪʨʘʪʘ ʢʘʜʤʠʷ(II). 

ʇʨʦʜʫʢʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʠʪʨʘʪʘ ʢʘʜʤʠʷ(II) ʠ 3,5-ʜʠʪʨʝʪʙʫʪʠʣʙʝʥʟʦʘʪʘ ʢʘʣʠʷ (ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʦ ʘʥʘʣʦʛʠʠ ʩ [Zn3(bzo)6(EtOH)2]) ʚ ʵʪʘʥʦʣʝ ʚʳʜʝʣʠʣʠ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʘʩʪʚʦʨʠʣʠ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʠ ʧʨʠʙʘʚʠʣʠ 4,7-ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ.
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ʂʨʠʩʪʘʣʣʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʪʦʯʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʪʚʸʨʜʳʭ ʦʩʘʜʢʦʚ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

(EtOH, MeCN). 

ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 12.

3.1.1. ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ {M II (RCOO)2(L)}x (M II = Zn, Cd ; x = 1 ʠʣʠ 2)

ʄʦʣʝʢʫʣʷʨʥʘʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Zn(piv)2(bpy)] (84 ʠ 84*) ʠ 

[Cd2(piv)4(bpy)2] (85). ʄʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 84 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ C2/c, ʦʩʴ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʉ2 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʘʪʦʤ Zn1 ʠ ʮʝʥʪʨ 

ʩʚʷʟʠ C6 C6Aʚ ʤʦʣʝʢʫʣʝ bpy (ʨʠʩ. 17). ɻʝʦʤʝʪʨʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ZnN2O2, 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Nʭʝʣʘʪʥʦʡ ʤʦʣʝʢʫʣʳ bpyʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Oʤʦʥʦʜʝʥʪʘʪʥʦ 

ʩʚʷʟʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʘʞʸʥʥʦʤʫ ʪʝʪʨʘʵʜʨʫ. 

ʅʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʘʪʦʤʳ O ʧʠʚʘʣʘʪ-ʘʥʠʦʥʘ ʠ ʘʪʦʤ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʶʪ ʢʦʨʦʪʢʠʝ 

ʢʦʥʪʘʢʪʳ (ʨʘʩʩʪʦʷʥʠʝ Zn1-O2 ʩʦʩʪʘʚʣʷʝʪ 2.496(1) ¡). ɺ ʢʨʠʩʪʘʣʣʝ ʤʝʞʜʫ ʧʠʨʠʜʠʣʴʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ bpy ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʶʪʩʷ ˊ-ʩʪʵʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ C ʬʨʘʛʤʝʥʪʦʚ ï3.404 ¡), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʦʯʢʠ (ʨʠʩ. 17ʙ). 

ʊʘʢ ʞʝ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʚʪʦʨʘʷ ʤʦʜʠʬʠʢʘʮʠʷʢʦʤʧʣʝʢʩʘ 84*, ʢʦʪʦʨʘʷ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʧʨʦʜʫʢʪʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 84. ɻʝʦʤʝʪʨʠʷ ʢʨʠʩʪʘʣʣʦʚ 84*

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʥʦʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/n. ɺ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʘʪʦʤ 

ʮʠʥʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʝʥʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ (ZnN2O4), ʢʦʪʦʨʦʝ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʭʝʣʘʪʥʦʡ ʤʦʣʝʢʫʣʳ bpyʠ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʆ ʜʚʫʭ 

ʭʝʣʘʪʥʦ ʢʦʦʜʠʥʠʨʦʚʘʥʥʳʭ piv (ʪʘʙʣʠʮʘ 12). ɺ ʢʨʠʩʪʘʣʣʝ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ 84*

ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ɹʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 85ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P21/c (CdéCd3.762 ¡), ʮʝʥʪʨ ʩʠʤʤʝʪʨʠʠ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ (ʨʠʩ. 17ʚ). 

ɼʚʘ ʘʪʦʤʘ Cd, ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʫʤʷ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ ʘʥʠʦʥʘʤʠ 

ʪʨʠʤʝʪʠʣʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʜʦʩʪʨʘʠʚʘʶʪ ʩʚʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʜʦ 

ʠʩʢʘʞʝʥʥʦʛʦ ʦʜʥʦʰʘʧʦʯʥʦʛʦ ʦʢʪʘʵʜʨʘ ʩʚʷʟʳʚʘʥʠʝʤ ʜʚʫʭ ʘʪʦʤʦʚ ʆ ʭʝʣʢʘʪʠʨʫʶʱʝʛʦ ʘʥʠʦʥʘ 

piv ʠ ʜʚʫʭ ʘʪʦʤʦʚ N ʤʦʣʝʢʫʣʳ bpy, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣʠʮʘ 12). ɻʝʦʤʝʪʨʠʷ ʧʦʣʠʵʜʨʘ 

CdN2O5 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʘʞʝʥʥʦʤʫ ʦʜʥʦʰʘʧʦʯʥʦʤʫ ʦʢʪʘʵʜʨʫ. ɺ ʢʨʠʩʪʘʣʣʝ ʤʝʞʜʫ 

ʧʠʨʠʜʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ˊ-ʩʪʵʢʠʥʛ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ C ʬʨʘʛʤʝʥʪʦʚ ï3.448 ¡), ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʦʯʢʠ (ʨʠʩ. 17ʛ).
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ʈʠʩʫʥʦʢ 17. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʘ) ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ (ʙ), ʧʦʢʘʟʘʥʥʘʷ 

ʩ ʜʚʫʭ ʨʘʢʫʨʩʦʚ, ʜʣʷ ʢʦʤʧʣʝʢʩʘ[Zn(piv)2(bpy)] (84). ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʚ) ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ (ʛ), ʧʦʢʘʟʘʥʥʘʷ ʩ ʜʚʫʭ ʨʘʢʫʨʩʦʚ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

[Cd2(piv)4(bpy)2] (85). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ.

ʄʦʣʝʢʫʣʷʨʥʘʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Zn2(piv)4(phen)2] (86) ʠ 

[Cd2(piv)4(phen)2] (87).ʂʦʤʧʣʝʢʩ 86ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ Pccnʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʷʜʝʨʥʫʶ ʤʦʣʝʢʫʣʫ, ʚ ʢʦʪʦʨʦʡ ʜʚʘ ʘʪʦʤʘ Zn1 ʠ Zn1A 

(ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʮʠʥʢʘ ʧʨʦʭʦʜʠʪ ʦʩʴ ʩʠʤʤʝʪʨʠʠ C2) ʩʚʷʟʘʥʳ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ piv (Zn1-O 2.000(2), 2.085(2) ¡) (ʨʠʩ. 18a). ʂʘʞʜʳʡ ʘʪʦʤ ʤʝʪʘʣʣʘ 

ʜʦʩʪʨʘʠʚʘʝʪ ʩʚʦʝ ʦʢʨʫʞʝʥʠʝ ʜʦ ʠʩʢʘʞʝʥʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʙʠʧʠʨʘʤʠʜʳ (Ű = 0.39 [1] ʟʘ ʩʯʝʪ 

ʢʦʦʨʜʠʥʘʮʠʠ ʤʦʥʦʜʝʥʪʘʪʥʦ ʩʚʷʟʘʥʥʦʡ ʧʠʚʘʣʘʪʥʦʡ ʛʨʫʧʧʳ (Zn1-O 1.929(2) ¡) ʠ ʭʝʣʘʪʥʦ 
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ʩʚʟ̫ʘʥʥʦʡ ʤʦʣʝʢʫʣʳ 1,10-phen (Zn1-N 2.112(3), 2.200(3) ¡). ʄʝʞʜʫ ʧʠʨʠʜʠʣʴʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ 1,10-phen ʚ ʤʦʣʝʢʫʣʝ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʤʝʩʪʦ ˊ-ˊ ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʢʦʣʝʮ N2C16-C20 ʠ N2AC16A-C20A ʩʦʩʪʘʚʣʷʝʪ 3.67 ¡. 

ɸʥʘʣʠʟ ʫʧʘʢʦʚʢʠ ʚ ʢʨʠʩʪʘʣʣʝ ʪʘʢ ʞʝ ʚʳʷʚʠʣ ʥʘʣʠʯʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʢʨʳʚʘʥʠʡ 

ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 1,10-phen ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ: ʜʚʘ ʧʠʨʠʜʠʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʘ ʦʜʥʦʛʦ 1,10-phen ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʪʨʝʤʷ ʧʠʨʠʜʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʪʨʝʭ 

ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ (ʨʘʩʩʪʦʷʥʠʝʤʝʞʜʫ ʮʝʥʪʨʦʠʜʘʤʠ ʢʦʣʝʮ ʩʦʩʪʘʚʣʷʝʪ 3.59, 3.99, 

3.99 ¡) ʬʦʨʤʠʨʫʷ ʩʣʦʡ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʣʦʩʢʦʩʪʠ ab ʚ ʢʨʠʩʪʘʣʣʝ (ʨʠʩ. 18ʙ). ɺ 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʤʩʷ ʩʣʦʝ ʤʦʣʝʢʫʣʳ 1,10-phen ʥʘʧʨʘʚʣʝʥʳ ʚʥʫʪʨʴ, ʘ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʥʘʨʫʞʫ (ʨʠʩ. 18ʙ).

ɹʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 87 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʉ2/c. ʆʩʴ 

ʩʠʤʤʝʪʨʠʠ ʉ2 ʧʨʦʭʦʜʠʪ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʢʘʜʤʠʷ Cd1 ʠ Cd1A, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʜʚʫʤʷ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (Cd-O 2.273(4)ð2.563(7) ¡) 

(ʨʠʩ. 18ʚ). ʂʘʞʜʳʡ ʘʪʦʤ ʢʘʜʤʠʷ ʜʦʩʪʨʘʠʚʘʝʪ ʩʚʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʜʦ 

ʦʜʥʦʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ (C2v, ʧʘʨʘʤʝʪʨ SQ(P) =5.793 (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʛʝʦʤʝʪʨʠʷ 

ʧʦʣʠʵʜʨʦʚ Cd ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Shapev2.1 [5ï7, 21, 22, 36, 97], ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʤ. ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ)) ʟʘ ʩʯʝʪ ʜʚʫʭ ʘʪʦʤʦʚ ʆ ʭʝʣʘʪʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʠʚʘʣʘʪʥʦʡ ʛʨʫʧʧʳ (Cd-O 2.268(3)ð2.474(3) ¡) ʠ ʘʪʦʤʦʚ N ʤʦʣʝʢʫʣʳ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ (Cd-N 2.342(3)ð2.409(3) ¡). ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʢʦʣʴʮʘ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʚ 

ʤʦʣʝʢʫʣʝ 87 ʦʙʨʘʟʫʶʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ˊ-ˊ ʩʪʝʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʢʨʘʪʯʘʡʰʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 3.356(5) ¡ 

(C...N); ʫʛʦʣ ʤʝʞʜʫ ʠʭ ʧʣʦʩʢʦʩʪʷʤʠ - 8.79(5)ʦ). ɺ ʢʨʠʩʪʘʣʣʝ ʤʝʞʜʫ ʧʠʨʠʜʠʣʴʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ˊ-ʩʪʵʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʉ ʬʨʘʛʤʝʥʪʦʚï3.391(6) ¡; ʫʛʦʣ ʤʝʞʜʫ ʠʭ 

ʧʣʦʩʢʦʩʪʷʤʠ ï0.01(6)o), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʦʯʢʠ (ʨʠʩ. 

18ʛ).
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ʈʠʩʫʥʦʢ 18. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘʜʣʷ ʢʦʤʧʣʝʢʩʦʚ

[Zn2(piv)4(phen)2] (86) (ʘʠʙ) ʠ [Cd2(piv)4(phen)2] (87) (ʚʠʛ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ.

ʄʦʣʝʢʫʣʷʨʥʘʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Zn(piv)2(neocup)] (88) ʠ 

[Cd(piv)2(neocup)] (89). ʄʦʥʦʷʜʝʨʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 88 ʠ 89

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-1 (ʨʠʩ. 19, ʪʘʙʣʠʮʘ 12). 

ɻʝʦʤʝʪʨʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ZnN2O3ʚ ʢʦʤʧʣʝʢʩʝ 88ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʘʞʸʥʥʦʡ 

ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʝ (Ű = 0.01) [1] ʠ ʩʬʦʨʤʠʨʦʚʘʥ ʜʚʫʤʷ ʘʪʦʤʘʤʠ N ʤʦʣʝʢʫʣʳ neocupʠ 

ʪʨʝʤʷ ʘʪʦʤʘʤʠ O ʦʪ ʤʦʥʦʜʝʥʪʘʪʥʦʡ (ʥʝʩʚʷʟʘʥʥʳʡʘʪʦʤ O ʤʦʥʦʜʝʥʪʘʪʥʦʡ ʛʨʫʧʧʳ 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʥʝʩʚʷʟʳʚʘʶʱʝʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʤʝʪʘʣʣʘ (2.611(3) ¡)) ʠ ʭʝʣʘʪʥʦʡ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ (ʪʘʙʣʠʮʘ 12).

ʋʚʝʣʠʯʝʥʠʝ ʘʪʦʤʥʦʛʦ ʠ ɺʘʥ ʜʝʨ ɺʘʘʣʴʩʦʚʦʛʦ ʨʘʜʠʫʩʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʮʠʥʢʘ(II) ʢ 

ʢʘʜʤʠʶ(II) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷʫʚʝʣʠʯʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʘʪʦʤʘ Cd1 ʚ 89ʜʦ ʰʝʩʪʠ. 

ʌʦʨʤʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ CdN2O4ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʢ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʝ.

ʋʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ 88ʠ 89ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʭʦʞʠ. ʄʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʤʦʣʝʢʫʣ neocup ʧʘʨ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ, ʬʦʨʤʠʨʫʶʪʩʷ ˊ-ʩʪʵʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʈʠʩʫʥʦʢ 19. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʘ, ʚ) ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ (ʙ, ʛ) ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ [Zn(piv)2(neocup)] (88: ʘ, ʙ) ʠ[Cd(piv)2(neocup)] (89:ʚ, ʛ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ 

ʧʦʢʘʟʘʥʳ.

ʄʦʣʝʢʫʣʷʨʥʘʷʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷʩʪʨʫʢʪʫʨʘ[Zn(piv)2(bathocup)]Ā0.5MeCN (90) ʠ

[Cd(piv)2(bathocup)]Ā0.5MeCN (91). ʄʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 90 ʠ 91 ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pna21ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ MeCNʥʘ ʜʚʝ ʤʦʣʝʢʫʣʳ 

ʢʦʤʧʣʝʢʩʘ. ɺ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʡʢʘʭ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ (Z = 4) ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦ ʜʚʝ 

ʥʝʟʘʚʠʩʠʤʳʝ ʤʦʣʝʢʫʣʳ ʩ ʙʣʠʟʢʠʤʠ ʩʪʨʦʝʥʠʝʤ ʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʠʥ ʩʚʷʟʝʡ (ʪʘʙʣʠʮʘ 12).

ʉʧʦʩʦʙʳ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʚ Zn1 ʠ Cd1, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʤʦʣʝʢʫʣʘʭ 90ʠ 91 (ʨʠʩ. 20, 

ʪʘʙʣʠʮʘ 12), ʘʥʘʣʦʛʠʯʥʳ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 88 ʠ 89. ɺ ʢʦʤʧʣʝʢʩʝ 90

ʥʝʩʚʷʟʘʥʥʳʡ ʘʪʦʤ Oʤʦʥʦʜʝʥʪʘʪʥʦʡ ʛʨʫʧʧʳ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʥʝʩʚʷʟʳʚʘʶʱʝʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʤʝʪʘʣʣʘ 2.629(6) ¡, ʧʦʣʠʵʜʨ ZnN2O3ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʢʘʞʸʥʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʝ (Ű = 

0.31 ʠ 0.41) [1], ʧʦʣʠʵʜʨ CdN2O4ʚ 91 - ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʝ.
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ɸʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʧʘʢʦʚʦʢ ʤʦʣʝʢʫʣ ʩʦʝʜʠʥʝʥʠʡ 90ʠ 91ʚ ʢʨʠʩʪʘʣʣʝ (ʨʠʩ. 20) 

ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʜʠʤʝʨʳʧʦʩʨʝʜʩʪʚʦʤ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ˊ-ʩʪʵʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤʠ ʠ ʬʝʥʠʣʴʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʣʝʢʫʣ. 

a b

ʈʠʩʫʥʦʢ 20.ʄʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Zn(piv)2(bathocup)]Ā0.5MeCN(90) (a) ʠ 

[Cd(piv)2(bathocup)]Ā0.5MeCN (91) (b). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʥʝ 

ʧʦʢʘʟʘʥʳ.

ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ [Zn(piv)2(batho)] (92) ʠ [Cd2(piv)4(batho)2] (93). 

ʄʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 92ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P2/n, 

ʦʩʴ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʘʪʦʤ Zn1 ʠ ʮʝʥʪʨ ʩʚʷʟʠ C15 C15Aʚ ʤʦʣʝʢʫʣʝ batho. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ZnN2O4, ʦʙʨʘʟʦʚʘʥʥʳʡ ʜʚʫʤʷ ʘʪʦʤʘʤʠ N ʭʝʣʘʪʥʦʡ ʤʦʣʝʢʫʣʳ 

batho ʠ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ O ʭʝʣʘʪʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ (ʨʠʩ. 21, ʪʘʙʣʠʮʘ 12), 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʘʞʸʥʥʦʤʫ ʦʢʪʨʘʵʜʨʫ. ʆʜʥʠ ʠʟ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʦʥʦʤ 

ʮʠʥʢʘ ʥʘ ʥʝʩʚʷʟʳʚʘʶʱʝʤ ʨʘʩʩʪʦʷʥʠʠ Zn1ïO2 ʨʘʚʥʦʤ2.496(1) ¡.

ɹʠʷʜʝʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 93ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

P-1, ʮʝʥʪʨ ʩʠʤʤʝʪʨʠʠ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ (CdéCd4.040 ¡) (ʨʠʩ. ˉˉ). 

ʉʪʨʦʝʥʠʝ ʙʠʷʜʝʨʥʦʡ ʤʦʣʝʢʫʣʳ ʘʥʘʣʦʛʠʯʥʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 85: ʘʪʦʤ Cd1 

ʠʤʝʝʪ ʂʏ = 7, ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠʜʚʫʭ ʘʪʦʤʦʚ Nʤʦʣʝʢʫʣʳ bathoʠ ʧʷʪʠ ʘʪʦʤʦʚ Oʭʝʣʘʪʥʦʡ 

ʠ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ (ʪʘʙʣʠʮʘ 12). ɻʝʦʤʝʪʨʠʷ ʧʦʣʠʵʜʨʘ CdN2O5

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʘʞʝʥʥʦʡ ʦʜʥʦʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʝ.

ɸʥʘʣʠʟ ʫʧʘʢʦʚʢʠ ʩʦʝʜʠʥʝʥʠʡ 92 ʠ 93 ʥʝ ʚʳʷʚʠʣ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ˊ-ʩʪʵʢʠʥʛ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ.
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ʈʠʩʫʥʦʢ 21. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ [Zn(piv)2(batho)] (92) (a) ʠ 

[Cd2(piv)4(batho)2] (93) (b). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ.

ʄʦʣʝʢʫʣʷʨʥʘʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Zn(piv)2(terpy)]ĀMeCN (94) ʠ 

[Cd(piv)2(terpy)] (95). ʄʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 94 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʨʫʧʧʝ P-1 ʩ ʩʦʣʴʚʘʪʥʦʡ ʤʦʣʝʢʫʣʦʡ MeCN. ɸʪʦʤ Zn1 ʢʦʦʨʜʠʥʠʨʫʝʪ ʪʨʠ ʘʪʦʤʘ Nʭʘʣʘʪʥʦʡ 

ʤʦʣʝʢʫʣʳ terpyʠ ʜʚʘ ʘʪʦʤʘ Oʜʚʫʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʦʤ Zn1 

ʠ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ O2C-ʛʨʫʧʧ ʥʝʩʚʷʟʳʚʘʶʱʝʝ (2.776(2) ʠ 2.857(2) 

¡) (ʪʘʙʣʠʮʘ 12). ɻʝʦʤʝʪʨʠʷ ʧʦʣʠʵʜʨʘ ZnN3O2ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʝ (Ű= 0.22 

[1], ʨʠʩ. 22ʘ). ɺ ʢʨʠʩʪʘʣʣʝ ʤʝʞʜʫ ʧʠʨʠʜʠʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʩ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʢʦʤʧʣʝʢʩʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ˊ-ʩʪʵʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʢʨʘʪʯʘʡʰʠʝ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʘʪʦʤʘʤʠ Cʬʨʘʛʤʝʥʪʦʚ ï3.508 ʠ 3.534 ¡),ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʦʯʢʠ.

ʂʦʤʧʣʝʢʩ 95 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-1. ɸʪʦʤ Cd1 

ʢʦʦʨʜʠʥʠʨʫʝʪ ʪʨʠ ʘʪʦʤʘ N ʭʘʣʘʪʥʦʡ ʤʦʣʝʢʫʣʳ terpy ʠ ʯʝʪʳʨʝ ʘʪʦʤʘ O ʜʚʫʭ ʭʝʣʘʪʥʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ Cd1 (CdN3O4) ï

ʦʜʥʦʰʘʧʦʯʥʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ (ʨʠʩ. 22ʙ). ɺ ʢʨʠʩʪʘʣʣʝ ʤʝʞʜʫ ʧʠʨʠʜʠʣʴʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʘ ʥʘʙʣʶʜʘʶʪʩʷ ˊ-ʩʪʵʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(ʢʨʘʪʯʘʡʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Cʬʨʘʛʤʝʥʪʦʚ ï3.353 ʠ 3.499 ¡), ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʦʯʢʠ.
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ʈʠʩʫʥʦʢ 22. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʦʚ [Zn(piv)2(terpy)]ĀMeCN (94) (a) ʠ 

[Cd(piv)2(terpy)] (95) (b). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʥʝ ʧʦʢʘʟʘʥʳ.

ʄʦʣʝʢʫʣʷʨʥʘʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ[Zn(bzo)2(phen)]Ö2H2O (96), 

[Zn(bzo)2(batho)(H2O)] (97) ʠ [Cd(bzo)2(batho)(H2O)] (98). ʄʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 96

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʚ ʤʦʥʦʢʣʠʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ C2/c, ʦʩʴ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʉ2 ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʘʪʦʤ Zn1 ʠ ʮʝʥʪʨ 

ʩʚʷʟʠ C25 C25Aʚ ʤʦʣʝʢʫʣʝ phen (ʨʠʩ. 23ʘ). ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ZnN2O4, 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʜʚʫʤʷ ʘʪʦʤʘʤʠ N ʭʝʣʘʪʥʦʡ ʤʦʣʝʢʫʣʳ phenʠ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ O ʜʚʫʭ 

ʭʝʣʘʪʥʦ ʩʚʷʟʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ (ʦʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 

12), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʘʞʸʥʥʦʤʫ ʦʢʪʘʵʜʨʫ (Oh, ʧʘʨʘʤʝʪʨSQ(P) = 5.728). 

ʄʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 97 ʠ 98 ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/c. ɺ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʡʢʘʭ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ (Z = 8) 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦ ʜʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʤʦʣʝʢʫʣʳ ʩ ʙʣʠʟʢʠʤʠ ʩʪʨʦʝʥʠʝʤ ʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʠʥ 

ʩʚʷʟʝʡ (ʪʘʙʣʠʮʘ 12, ʨʠʩ. 23ʙ,ʚ). 

ɺ ʤʦʣʝʢʫʣʝ 97 ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ZnN2O4 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʘʞʝʥʥʦʤʫ 

ʦʢʪʘʵʜʨʫ (ʧʘʨʘʤʝʪʨʳSQ(P)ʨʘʚʥʳ 2.954 ʜʣʷ Zn1 ʠ 3.109 ʜʣʷ Zn2) ʠ ʦʙʨʘʟʦʚʘʥ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

N ʭʝʣʘʪʥʦʡ ʤʦʣʝʢʫʣʳ batho ʠ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ O ʤʦʥʦʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳʠ ʜʚʫʭ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʭʝʣʘʪʥʦ, ʘ 

ʜʨʫʛʦʡ ʤʦʥʦʜʝʥʪʘʪʥʦ. ɺ ʤʦʣʝʢʫʣʝ 98ʦʢʨʫʞʝʥʠʝ ʠʦʥʘ ʢʘʜʤʠʷ(II) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʘʪʦʤʦʚ N

ʭʝʣʘʪʥʦʡ ʤʦʣʝʢʫʣʳ bathoʠ ʧʷʪʠ ʘʪʦʤʦʚ Oʦʪ ʪʝʨʤʠʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʜʚʫʭ ʭʝʣʘʪʥʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭʛʨʫʧʧ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ CdN2O5 ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʢ 

ʦʜʥʦʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʝ (C2v, ʧʘʨʘʤʝʪʨSQ(P)ʜʣʷ Cd1 -4.929 ʠ ʜʣʷ Cd2 - 4.759). 
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ɸʥʘʣʠʟ ʫʧʘʢʦʚʢʠ ʩʦʝʜʠʥʝʥʠʡ 96 ʠ 97 ʥʝ ʚʳʷʚʠʣ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ˊ-ʩʪʵʢʠʥʛ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʢʘʜʤʠʷ ʤʝʞʜʫ ʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʤʦʣʝʢʫʣ batho ʧʘʨ ʤʦʣʝʢʫʣ 98 ʬʦʨʤʠʨʫʶʪʩʷ ˊ-ʩʪʵʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

(ʢʨʘʪʯʘʡʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Cʬʨʘʛʤʝʥʪʦʚ ï3.531 ¡, ʨʠʩ. 23ʛ).

a ʙ

ʚ
ʛ

ʈʠʩʫʥʦʢ 23. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [Zn(bzo)2(phen)]Ö2H2O (96, ʘ, 

ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʥʝ ʧʨʠʚʝʜʝʥʳ), [Zn(bzo)2(batho)(H2O)] (97, ʙ) ʠ 

[Cd(bzo)2(batho)(H2O)] (98, ʚ), ʘ ʪʘʢʞʝ ʬʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʢʦʤʧʣʝʢʩʘ 98

(ʛ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ.

ɸʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʝʨʠʠ ʚʳʷʚʠʣ, ʯʪʦ 

ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Zn2+ʠ Cd2+ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʠʭ ʯʝʨʪ, ʘ ʨʘʟʣʠʯʠʷ ʚ ʩʪʨʦʝʥʠʠ ʩʚʷʟʘʥʳ ʩ 

ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʯʠʩʣʘʤʠ ʠ ʙʦʣʴʰʠʤʠ ʜʣʠʥʘʤʠ ʩʚʷʟʝʡ ʠʦʥʘ Cd2+ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʦʤ Zn2+. 

ʊʘʢ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʮʠʥʢʘ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚʘʨʴʠʨʫʝʪʩʷ 

ʦʪ 4 (84) ʜʦ 5 (88, 86, 90ʠ 94) ʠ 6 (92ʠ ʚʪʦʨʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 84* , 96, 97), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
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ʢʘʜʤʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ 6 (ʢʦʤʧʣʝʢʩʳ 89ʠ 91) ʠ 7 (ʢʦʤʧʣʝʢʩʳ 85,

87, 93, 95ʠ 98). 

ʊʘʙʣʠʮʘ 12. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 84 ï98. ɼʣʠʥʳ ʩʚʷʟʝʡ, 

ʧʦʤʝʯʝʥʥʳʝ ʟʚʝʟʜʦʯʢʦʡ, ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʝ ʢʦʤʧʣʝʢʩʘ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʚʝ ʦʪʣʠʯʘʶʱʠʝʩʷ ʤʦʣʝʢʫʣʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ.

[Zn(piv)2(bpy)] 

(84//84* )

[Zn2(piv)4(phen)2] 

(86)

[Zn(piv)2(neocup)] 

(88)

[Zn(piv)2(bathocup)]Ā0.5MeCN 

(90)

Zn-N 2.101(14) // 

2.120(2); 2.123(2)

2.112(3); 2.200(3) 2.088(2); 

2.136(2)

2.112(7); 2.119(5)

2.082(5)*; 2.111(7)*

Zn-O 1.9750(13); 

2.493(2) // 

1.9876(14);

2.017(2); 2.359(2)

2.000(2); 2.085(2);

1.929(2)

1.963(2); 

2.081(3); 

2.311(3)

1.980(5); 

2.118(6); 2.188(6)

1.999(5)*

2.155(7)*; 2.184(7)*

[Cd2(piv)4(bpy)2] 

(85)

[Cd2(piv)4(phen)2] 

(87)

[Cd(piv)2(neocup)] 

(89)

[Cd(piv)2(bathocup)]Ā0.5MeCN 

(91)

Cd-N 2.355(3); 2.368(3) 2.342(3); 2.409(3) 2.304(2); 

2.357(2)

2.316(2); 2.333(3)

2.307(2)*; 2.339(3)*

Cd-O 2.263(4); 2.341(3)

2.443(3); 2.515(4)

2.273(4); 2.450(4); 

2.563(7);

2.268(3); 2.474(3)

2.263(2);

2.312(2); 

2.398(2)

2.292(3); 2.307(2); 2.344(2); 

2.404(3); 2.268(2)*; 2.293(3)*; 

2.305(3)*; 2.413(3)*

[Zn(piv)2(batho)] 

(92)

[Zn(piv)2(terpy)] 

(94)

[Zn(bzo)2(phen)Ö

Ö2H2O] (96)

[Zn(bzo)2(batho)(H2O)] 

(97)

Zn-N 2.119(2) 2.0897(14)

2.178(2); 2.190(2)

2.079(8) 2.106(6); 2.151(6)

2.114(6)*; 2.141(6)*

Zn-O 2.0815(14)

2.216(2)

1.9783(12); 

1.9790(12)

2.043(7); 

2.295(7)

2.079(5); 2.305(5); 2.029(5); 

2.090(5); 2.080(5)*; 2.342(5)*; 

2.035(5)*; 2.082(5)*

[Cd2(piv)4(batho)2] 

(93)

[Cd(piv)2(terpy)] 

(95)

[Cd(bzo)2(batho)(H2O)] 

(98)

Cd-N 2.321(2)

2.479(2)

2.380(3); 2.402(2)

2.432(2)

2.385 (8); 2.383 (8)

2.385 (8)*; 2.364(8)*

Cd-O 2.330(2); 2.365(2)

2.382(2); 2.431(2)

2.306(2); 2.314(2)

2.433(3); 2.434(2)

2.384(7); 2.371(7); 2.364(6); 

2.423(7); 2.312(7); 2.507(7)*; 

2.273(7)*; 2.448 (6)*; 2.356(6)*; 

2.324 (7)*

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʣʠʯʠʝ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʯʠʩʣʘʭ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ (5 ʜʣʷ 86ʠ 7 ʜʣʷ 

87), ʦʙʘ ʧʠʚʘʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘ ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʷʚʣʷʶʪʩʷ ʙʠʷʜʝʨʥʳʤʠ. ɺʚʝʜʝʥʠʝ ʞʝ 

ʚ ʩʠʩʪʝʤʫ ʤʝʪʠʣ-ʟʘʤʝʱʝʥʥʳʭ neocupʠ bathocupʧʨʠʚʦʜʠʪ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʥʦʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ 88, 89, 90, 91. ɺʝʨʦʷʪʥʦ, ʥʘʣʠʯʠʝ ʥʘʣʠʯʠʝ ʤʝʪʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʦ ʚʪʦʨʦʤ 

ʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʪʦʤʘ Nʧʠʨʠʜʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʙʠʩʭʝʣʘʪʥʳʭ ʬʨʘʛʤʝʥʪʦʚ neocupʠ 

bathocupʙʣʦʢʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʩʣʫʯʘʝ ʪʨʠʜʝʥʪʘʪʥʦʛʦ terpy

ʙʣʦʢʠʨʦʚʢʘ ʪʨʝʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʟʠʮʠʡ ʚ ʧʦʣʠʵʜʨʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 
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ʙʠʷʜʝʨʥʳʭ ʤʦʣʝʢʫʣ (ʩʦʝʜʠʥʝʥʠʷ 94ʠ 95). ʇʠʚʘʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʮʠʥʢʘ(II) ʩ bpy ʠ batho

ʠʤʝʶʪ ʤʦʥʦʷʜʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ,, ʧʨʠ ʵʪʦʤ ʠʭ ʘʥʘʣʦʛʠ ʩ ʠʦʥʦʤ ʢʘʜʤʠʷ(II) ʷʚʣʷʶʪʩʷ 

ʙʠʷʜʝʨʥʳʤʠ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʈʉɸ ʤʳ ʥʝ ʤʦʞʝʤ ʜʘʪʴ ʦʙʲʷʩʥʝʥʠʷ ʬʘʢʪʫ ʦʪʩʫʪʩʪʚʠʷ 

ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ ʩ bpyʠ batho. ʉ ʮʝʣʴʶ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʬʘʢʪʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ, ʥʘʤʠ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 84, 92 (ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʨʦʜʫʢʪʳ 

ʜʠʤʝʨʠʟʘʮʠʠ ʙʳʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʟʘʤʝʥʦʡ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʥʘ ʮʠʥʢ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 85ʠ 

93, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ 85, 93 (ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʛʝʦʤʝʪʨʠʷ ʢʘʜʤʠʝʚʳʭ ʤʦʥʦʤʝʨʦʚ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʟʘʤʝʥʦʡ ʤʝʪʘʣʣʦʚ ʥʘ ʢʘʜʤʠʡ ʚ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 84, 92). 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ, ʵʥʝʨʛʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʠʤʝʨʦʚ ʙʣʠʟʢʠ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ (9ï15 ʢʢʘʣ/ʤʦʣʴ), ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʠʯʠʷ ʚ 

ʧʦʚʝʜʝʥʠʠ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʠʟʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʦʙʣʘʩʪʠ ʜʠʩʩʦʮʠʘʮʠʠʜʠʤʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʤʝʨʦʚ ʠʟ ʜʚʫʭ 

ʤʦʥʦʷʜʝʨʥʳʭ ʢʘʜʤʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʪʝʢʘʝʪ ʙʝʟʙʘʨʴʝʨʥʦ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʠʛʨʳʰʝʤ 

ʚ ʵʥʝʨʛʠʠ ʚ 14.1 ʢʢʘʣ/ʤʦʣʴ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʜʠʤʝʨʦʚ [Cd(piv)2(bpy)]2 (85) ʠ [Cd(piv)2(batho)]2 (93). ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ, ʨʘʩʯʝʪʳ 

ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʥʘ ʧʫʪʠ ʠʭ ʘʩʩʦʮʠʘʮʠʠ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʝʨʝʭʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʜʠʤʝʨʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʜʦʣʞʝʥ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʧʨʝʦʜʦʣʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʦʪʩʫʪʩʪʚʠʝ ʙʠʷʜʝʨʥʳʭ ʧʠʚʘʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ ʩ bpyʠ batho. ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʩʪʘʪʴʝ [87]. 

3.2. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʛʦʤʦ-ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ (Ln III , Zn II -Ln III ʠ CdII -Ln III ) 

ʩʦʝʜʠʥʝʥʠʡ ʣʘʥʪʘʥʠʜʦʚ(III).

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ Zn- ʠ Cd-Ln ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʛʣʘʚʝ 3.1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʡ ʩʦʝʜʠʥʝʥʠʡ 84ʠ 86ʩ ʥʠʪʨʘʪʘʤʠ ʣʘʥʪʘʥʠʜʦʚ(III) ʥʘʤ 

ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [Zn2Eu(NO3)(Õ-piv)6(bpy)2] (15ĀEu), 

[Zn2(Piv)3(bpy)2][ZnEu(NO3)3(piv)3(bpy)] (82ĀEu) ʠ [Zn2Eu(OH)(NO3)2(Õ-piv)4(1,10-

phen)2]ĀMeCN (83ĀEu). ɺ ʨʘʙʦʪʘʭ [48, 141]ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʥʠʪʨʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʩ ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ, ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʩʪʘʜʠʡʥʦ. ʇʨʠ ʵʪʦʤ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʘʢʮʠʷʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II) ʩ ʟʘʤʝʱʝʥʥʳʤʠ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ (88, 90, 92) ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ Zn-Ln-ʢʦʤʧʣʝʢʩʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʥʘ ʘʪʦʤʘʭ ʮʠʥʢʘ 
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N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ, neocupʠ bathocup, ʥʝ ʧʨʦʪʝʢʘʝʪ ʧʦ ʧʨʠʯʠʥʝ ʩʪʝʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

(ʤʝʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʦʣʦʞʝʥʠʷʭ 2 ʠ 9), ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʢʦʦʨʜʠʥʘʮʠʠ ʪʨʝʪʴʝʡ 

ʤʦʩʪʠʢʦʚʦʡ O2CRʛʨʫʧʧʳ ʢ ʘʪʦʤʫ ʮʠʥʢʘ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʚʝʩʪʥʳʭ ʠ ʚʥʦʚʴ ʧʦʣʫʯʝʥʥʳʭ 

Zn-Ln ʢʘʨʙʦʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʳ ʪʨʝʤʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ 

ʛʨʫʧʧʘʤʠ). ʇʨʠʯʠʥʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʶ Zn-Ln-ʢʦʤʧʣʝʢʩʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ batho

ʥʘʤʠ ʥʝ ʚʳʷʩʥʝʥʳ. ʊʘʢʞʝ ʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʮʝʣʝʚʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʚ 

ʨʝʘʢʮʠʠ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ(III) ʠ ʧʠʚʘʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʜʤʠʷ (85, 91, 93). 

3.2.1. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ[Zn 2Ln(4-phbz)6(NO3)(L )2]ĿxSolv (Ln = 

Eu, Gd, Tb; L = py, 2,3-lut , bpy)

ɺ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ[68] ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ Zn-Ln ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʘʨʙʦʩʠʣʘʪ-ʘʥʠʦʥʘʤʠ ʧʫʪʝʤ 

ʟʘʤʝʱʝʥʠʷ ʧʠʚʘʣʘʪʥʳʭ ʛʨʫʧʧ ʚ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [Zn2Ln(NO3)(Õ-piv)6(MeCN)2] 

((13ĿLn, Ln = Eu, Gd, Tb). ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʵʪʦʪ ʭʠʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʙʫʜʝʪ 

ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʩʠʥʪʝʟʘ Zn-Ln-ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʨʫʛʠʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ. ɺ ʨʝʘʢʮʠʠ ʩʦʝʜʠʥʝʥʠʷ {Zn2Eu} 

(13ĀEu) ʩ ʧʠʨʠʜʠʥʦʤ ʠ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ (Eu: Py: RCOOH= 1 : 8 : 10) ʚ ʨʘʩʪʚʦʨʝ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (T = 75 C̄) ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʷ [Zn2Eu(4-phbz)6(NO3)(py)2] (99ĿEu) ʩ ʚʳʭʦʜʦʤ 32%. 

ʂʦʤʧʣʝʢʩ Zn2Tb ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʚʳʜʝʣʠʪʴ ʚ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʩ 

ʚʝʩʦʤʳʤ ʚʳʭʦʜʦʤ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ. ʆʜʥʠʤ ʠʟ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ 

ʚʳʩʪʫʧʘʝʪ ʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Zn(4-phbz)2(H2O)2]n (100). ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʘ 

ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʦʣʫʯʠʪʴ ʮʝʣʝʚʳʝ Zn2Ln-ʢʦʤʧʣʝʢʩʳ ʚ ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ʥʠʪʨʘʪʦʚ 

ʤʝʪʘʣʣʦʚ ʩ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʠʜʠʥʘ, ʢʦʪʦʨʳʡʚʳʩʪʫʧʘʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ N-ʜʦʥʦʨʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʠʟʙʳʪʦʯʥʳʭ 

NO3-ʛʨʫʧʧ (ʥʠʪʨʘʪ ʧʠʨʠʜʠʥʠʷ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʯʝʤ ʥʠʪʨʘʪʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʪʘʢ ʞʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʦʣʝʡ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ[31, 33, 57, 68, 78], ʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʦʩʪʘʝʪʩʷ ʚ 

ʨʘʩʪʚʦʨʝ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ, ʧʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʨʝʘʛʝʥʪʦʚ Zn(NO3)2Ŀ6H2O: Ln(NO3)3Ŀ6H20: RCO2H : Py= 2 : 1 : 6: 9, ʧʦʟʚʦʣʠʣʦ 

ʚʳʜʝʣʠʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [Zn2Ln(4-phbz)6(NO3)(py)2]ĿxMeCN(x = 0: Ln = Eu (99ĿEu)ʠ 

x = 2: Ln = Eu, Gd, Tb (99*ĿLn)) ʩ ʚʳʭʦʜʘʤʠ 40 -61%. ɸʥʘʣʦʛʠʯʥʘʷ ʨʝʘʢʮʠʷ ʩ 2,3-ʣʫʪʠʜʠʥʦʤ 

ʚʤʝʩʪʦ ʧʠʨʠʜʠʥʘ ʧʦʟʚʦʣʠʣʘ ʚʳʜʝʣʠʪʴ ʩʦʝʜʠʥʝʥʠʝ [Zn2Ln(4-phbz)6(NO3)(2,3-

Lut)2]Ŀ2.75MeCNĿH2O (101ĿEu, ʨʠʩ. 24ʙ).
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ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ [Zn2Eu(4-phbz)6(NO3)(bpy)2] (102ĿEu) ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ {Zn2Eu} (13ĀEu) c 2,2-ʙʠʧʠʨʠʜʠʣʦʤ ʠ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ 

({ Zn2Eu} : Bpy : RCOOH= 1 : 2.5 : 10) ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (T = 75 ̄ C) 

ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ (ʧʦ ʜʘʥʥʳʤ ʈʌɸ) ʢʦʤʧʣʝʢʩʳ [Zn2Ln(4-phbz)6(NO3)(bpy)2] (102ĿLn, Ln = 

Gd, Tb). ɺ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʚʘʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʦʪʙʦʨ ʚʳʜʝʣʷʶʱʝʛʦʩʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʘʜʢʘ ʧʦ ʤʝʨʝ ʦʭʣʘʞʜʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʝ 

ʧʘʨʪʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʟʘʛʨʷʟʥʝʥʳ ʠʟʙʳʪʦʯʥʦʡ 4-ʙʠʬʝʥʠʣʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʦʡ, ʘ ʪʘʢʞʝ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ (ʯʠʩʪʦʪʫ ʬʘʟʳ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ʈʌɸ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ). ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [Zn(4-phbz)2(bpy)] (103). 

ʉʦʝʜʠʥʝʥʠʷ 99ĿEu, 101ĿEu ʠ 102ĿEu ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ P-1 ʠ 

ʤʦʥʦʢʣʠʥʥʳʭP21/n ʠʉ2/ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʤʧʣʝʢʩʳ 99ĿEu, 

101ĿEu ʠ 102ĿEu ʠʤʝʶʪ ʪʨʝʭʲʷʜʝʨʥʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ. 24), ʩʭʦʞʝʝ ʩʦ ʩʪʨʦʝʥʠʝʤ 13ĀLn.

ʄʝʪʘʣʣʦʦʩʪʦʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʝʨʠʬʝʨʠʡʥʳʭ ʠʦʥʦʚ ʮʠʥʢʘ(II) ʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʝʚʨʦʧʠʷ(III) (ʦʩʥʦʚʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 13). ɸʪʦʤʳ Zn(II) ʩʚʷʟʘʥʳ cʘʪʦʤʦʤ Eu(III) ʪʨʝʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ 

ʛʨʫʧʧʘʤʠ. ɸʪʦʤʳ Eu(III) ʜʦʩʪʨʘʠʚʘʶʪ ʩʚʦʝ ʦʢʨʫʞʝʥʠʝ (EuO8) ʜʚʫʤʷ ʘʪʦʤʘʤʠ O ʥʠʪʨʘʪ-

ʘʥʠʦʥʘ ʜʦ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʠʧʨʠʟʤʳ (D4d, SQ(P) = 1.768) ʜʣʷ 99ĿEu ʠ ʪʨʝʫʛʦʣʴʥʦʛʦ 

ʜʦʜʝʢʘʵʜʨʘ ʜʣʷ 101ĿEu (D2d, SQ(P) = 1.567) ʠ 102ĿEu (D2d, SQ(P) = 2.324). ɺ ʤʦʣʝʢʫʣʘʭ 

99ĿEu ʘʪʦʤʳ ʮʠʥʢʘ ʜʦʩʪʨʘʠʚʘʶʪ ʩʚʦʝ ʦʢʨʫʞʝʥʠʝ ʜʦ ʠʩʢʘʞʝʥʥʦʛʦ ʪʝʪʨʘʵʜʨʘ (ZnNO3, 

ʧʘʨʘʤʝʪʨʳSQ(P) ʜʣʷ ʜʚʫʭ ʘʪʦʤʦʚ Znʚ ʢʦʤʧʣʝʢʩʝ 99ĿEuʨʘʚʥʳ 1.253 ʠ 1.043; 0.662 ʠ 0.761 

ʚ 101ĿEu) ʘʪʦʤʦʤ N ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʧʠʨʠʜʠʥʘ, ʘ ʚ ʢʦʤʧʣʝʢʩʝ 102ĿEu ʜʦ ʢʚʘʜʨʘʪʥʦʡ 

ʧʠʨʘʤʠʜʳ (ZnN2O3, C4v, ʧʘʨʘʤʝʪʨSQ(P) = 2.251) ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ ʭʝʣʘʪʥʦʡ ʤʦʣʝʢʫʣʳ 

bpy.

ʅʘʤ ʫʜʘʣʦʩʴ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʩʦʝʜʠʥʝʥʠʝ 99ĿEuʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ. ʄʦʜʠʬʠʢʘʮʠʷ 99*ĿEuʠʤʝʝʪ ʩʪʨʦʝʥʠʝ, ʩʭʦʞʝʝ ʩʦ ʩʪʨʦʝʥʠʝʤ99ĿEu, ʦʜʥʘʢʦ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/n (ʤʝʞʘʪʦʤʥʳʝ ʫʛʣʳ ʠ 

ʨʘʩʩʪʦʷʥʠʷʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 322). ɻʝʦʤʝʪʨʠʷ ʧʦʣʠʵʜʨʘ ʘʪʦʤʘ ʝʚʨʦʧʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʚʫʭʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʝ (C2v, ʧʘʨʘʤʝʪʨSQ(P) = 1.935), ʧʦʣʠʵʜʨ ʮʠʥʢʘ ï

ʪʝʪʨʘʵʜʨ (ʧʘʨʘʤʝʪʨʳ SQ(P) ʨʘʚʥʳ1.616 ʠ 1.011).

ɺ ʤʦʣʝʢʫʣʝ 99ĿEu ʥʘʙʣʶʜʘʶʪʩʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ -́ʩʪʝʢʠʥʛʦʚʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʬʝʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ (ʢʨʘʪʯʘʡʰʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ï3.381 ¡(ʉéʉ)), ʘ ʪʘʢʞʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫʢʦʥʮʝʚʦʡ 

ʬʝʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʠʨʠʜʠʥʘ (ʢʨʘʪʯʘʡʰʝʝ 
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ʨʘʩʩʪʦʷʥʠʝ ï3.210 ¡(CéN)).ʇʨʠ ʵʪʦʤ ʚ 99*ĿEu-́ʩʪʝʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. 

ʄʦʣʝʢʫʣʳ 102ĿEu ʚ ʢʨʠʩʪʘʣʣʝʩʚʷʟʘʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ -́

ʩʪʝʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ Bpy (ʢʨʘʪʯʘʡʰʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ 2,2-ʙʠʧʠʨʠʜʠʣʘ ʩʦʩʪʘʚʣʷʝʪ 3.522 ¡(C...C); 

ʫʛʦʣ ʤʝʞʜʫ ʠʭ ʧʣʦʩʢʦʩʪʷʤʠ 0o, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʮʝʧʦʯʢʠ 

ʚʜʦʣʴ ʦʩʠ b (ʨʠʩ. 24ʚ). ʊʘʢʞʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ 102ĿEu ʥʘʙʣʶʜʘʶʪʩʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʬʝʥʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠʩʦʩʝʜʥʠʭ ʤʦʣʝʢʫʣ 

ʢʠʩʣʦʪʳ (ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ï3.317 (C-ʉ), ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ 

35.94o, ʨʠʩ. 24ʚ).

ʊʘʢ ʞʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʠʨʠʜʠʥ-ʩʦʜʝʨʞʘʱʠʭ 99ĿEu

ʠ99*ĿEuʢ ʢʦʤʧʣʝʢʩʫ ʜʠʧʠʨʠʜʠʣʘ 102ĿEu ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ Zn-

Eu-Zn ʩ 131.88ʦ(ʜʣʷ 99*ĿEu) ʠ 137.98ʦ(ʜʣʷ 99ĿEu) ʜʦ 167.75ʦ(ʜʣʷ 102ĿEu). ʇʨʠ ʵʪʦʤ 

ʦʩʪʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 102ĿEu ʙʣʠʟʢʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʥʘʯʝʥʠʷʤ 

ʜʣʷ 99ĿEuʠ99*ĿEu. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [Zn2Eu(NO3)(Õ-Piv)6(L)2] (L

= MeCN, 2,3-Lut, bpy) ʫʛʦʣ Zn-Eu-Znʤʝʥʷʝʪʩʷ ʥʝ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦ, ʦʪ 138.56ʦʜʦ 148.51ʦ 

[48], ʚʝʨʦʷʪʥʦ, ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʨʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ bpy ʠ ʘʥʠʦʥʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʢʠʩʣʦʪʳ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ.

ʊʘʙʣʠʮʘ 13.ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (ʚ ʘʥʛʩʪʨʝʤʘʭ) ʠ ʫʛʣʳ 

(ʚ ʛʨʘʜʫʩʘʭ) ʜʣʷ 99ĿEu, 99*ĿEu, 101ĿEuʠ 102ĿEu.

Zn..Eu Eu-O

(NO3)

Eu-O

(O2RC)

Zn-O 

(O2RC)

Zn-N ʋʛʦʣ Zn-

Eu-Zn

99ĿEu 3.90-

3.94

2.40(2)-

2.43(2)

2.292(13)-

2.340(13)

1.889(13)-

1.940(13)

2.04(2)-

2.00(2)

137.98

99*ĿEu 3.88-

4.04

2.486(3)-

2.503(3)

2.300(3)-

2.411(3)

1.949(3)-

2.033(3)

2.041(3)-

2.053(3)

131.88

101ĿEu 4.02-

4.07

2.502(8)-

2.517(8)

2.305(7)-

2.357(7)

1.941(7)-

1.968(7)

2.037(8)-

2.059(8)

139.02

102ĿEu 3.94 2.598(4) 2.323(3)-

2.391(3)

1.999(3)-

2.073(3)

2.099(4)-

2.132(4)

167.75
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ʈʠʩʫʥʦʢ 24. ʉʪʨʦʝʥʠʝ ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʚ 99ĿEu (ʘ)ʠ 101ĿEu (ʙ). ʌʨʘʛʤʝʥʪ 

ʫʧʘʢʦʚʢʠ 102ĿEu(ʚ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʚʦʜʳ 

ʥʝ ʧʦʢʘʟʘʥʳ.

ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʦʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ [Zn(4-phbz)2(H2O)2]n (100) ʠ [Zn(4-phbz)2(bpy)] 

(103) (ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ) ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʟʜʝʣʝ ʇʨʠʣʦʞʝʥʠʡ.

3.2.2. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ

[LnCd 2(piv)7(H2O)2]nĿMeCN (Ln = Gd, Eu, Tb).

ɺ ʣʠʪʦʙʟʦʨʝ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Cd-Ln ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʨʦʩʪʦʡ ʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ 

ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʩʩʳʣʢʠ ʥʘ ʚʩʝ ʨʘʙʦʪʳ ʩʤ. ʚ ʣʠʪʦʙʟʦʨʝ). ʉ 

ʫʯʝʪʦʤ ʵʪʠʭ ʬʘʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʧʠʚʘʣʘʪʘ ʢʘʜʤʠʷ, ʥʠʪʨʘʪʘ 
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ʛʘʜʦʣʠʥʠʷ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʠ ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (Cd: Gd : phen: Hpiv = 2 : 1 : 1 : 4) ʚ 

ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʥʘʤ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʣʠʰʴ ʧʠʚʘʣʘʪ ʛʘʜʦʣʠʥʠʷ [Gd(piv)3(H2O)3]Ŀ2Hpiv

(104). ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ, ʩʦʝʜʠʥʝʥʠʝ 104ʨʘʥʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʥʝ ʙʳʣʦ. 

ʄʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 104 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʦʣʚʘʪʘ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ 

ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ ʛʘʜʦʣʠʥʠʷ(III) ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ 

Oʪʨʝʭ ʭʝʣʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳʭ ʧʠʚʘʣʘʪ-ʘʥʠʦʥʦʚ (Gd-O 2.4042(37)-2.5403(41) ¡) ʠ ʪʨʝʭ 

O ʪʨʝʭ ʤʦʥʦʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʚʦʜʳ (Gd-O 2.3742(38)-2.4027(40) ¡). 

ʉʪʨʦʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦʧʦʣʠʵʜʨʘ GdO9 ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʢ ʦʜʥʦʰʘʧʦʯʥʦʡ ʢʚʘʜʨʘʪʥʦʡ 

ʘʥʪʠʧʨʠʟʤʝ (C4v, ʧʘʨʘʤʝʪʨSQ(P) = 2.252).

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʟʘʤʝʥʘ ʥʠʪʨʘʪʘ ʣʘʥʪʘʥʠʜʘ ʥʘ ʧʠʚʘʣʘʪ, ʥʘ ʧʨʠʤʝʨʝʝʚʨʦʧʠʷ ʚ ʨʝʘʢʮʠʠ ʩ 

ʧʠʚʘʣʘʪʦʤ ʢʘʜʤʠʷ (Eu : Cd = 2 : 4.3) ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [EuCd2(Piv)7(H2O)2]nĿMeCN (105ĿEu) ʩ ʚʳʭʦʜʦʤ ʚ 86%. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʜʤʠʡ-ʣʘʥʪʘʥʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ. ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ (ʧʦ ʜʘʥʥʳʤ ʈʌɸ) ʢʦʤʧʣʝʢʩʳ 105ĿLn (Ln = Gd, Tb).

ʉʦʝʜʠʥʝʥʠʝ 105ĿEuʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝP21/n

ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʨʠʩ. 25ʘ). ɺ ʢʨʠʩʪʘʣʣʝ ʪʨʝʭʴʷʜʝʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ {CdEuCd} (Cd..Eu 3.66-3.68 ¡; Cd..Cd 4.156 ¡) ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ 

ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ (Cd1-O 2.243(3) ¡; Cd2-O 2.249(4)- 2.450(3) 

¡) ʚ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠʚʜʦʣʴ ʦʩʠ c (ʨʠʩ. 25ʙ). ɺ ʬʨʘʛʤʝʥʪʘʭ {Cd2Eu} ʮʝʥʪʨʘʣʴʥʳʡ ʠʦʥ 

ʝʚʨʦʧʠʷ(III) ʩʚʷʟʘʥ ʩ ʢʘʞʜʳʤ ʠʦʥʦʤ ʢʘʜʤʠʷ(II) ʦʜʥʦʡ ʤʦʩʪʠʢʦʚʦʡ (Cd1-O 2.214(3) ¡; Cd2-

O 2.226(3) ¡; Eu-O 2.326(3) ¡) ʠ ʜʚʫʤʷ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ ʛʨʫʧʧʘʤʠ (Cd1-O 2.239(4)-

2.576(3) ¡; Cd2-O 2.269(3)-2.343(3) ¡; Eu-O 2.298(3)-2.318(3), 2.455(3)-2.552(3) ¡). 

ʆʢʨʫʞʝʥʠʝ ʢʘʞʜʦʛʦ ʘʪʦʤʘ Cd1 ʠ Cd2 ʜʦʩʪʨʘʠʚʘʝʪʩʷ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ ʜʦ ʧʝʥʪʘʛʦʥʘʣʴʥʦʡ 

ʙʠʧʠʨʘʤʠʜʳ (CdO7, SQ(P) = 2.429) ʠ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ (CdO6, 6.174), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʵʪʦʤ ʘʪʦʤʳH ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʘʪʦʤʦʤ Cd1 (Cd1-O 2.308(4) ¡), 

ʦʙʨʘʟʫʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ H-ʩʚʷʟʴ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ O5 ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʦʡ 

ʧʠʚʘʣʘʪʥʦʡ ʛʨʫʧʧʳ (O5éHO2W 1.99 ¡). ɸ ʘʪʦʤ H ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ 

ʘʪʦʤʦʤ Cd2 (Cd2-O 2.268(4) ¡), ʦʙʨʘʟʫʝʪ H-ʩʚʷʟʴ ʩ ʘʪʦʤʦʤ Nʩʦʣʴʚʘʪʥʦʡ ʤʦʣʝʢʫʣʳ MeCN

(HO1WéN1S2.09 ¡). ɸʪʦʤ Euʦʢʨʫʞʘʶʪ 8 ʘʪʦʤʦʚ Oʦʪ ʯʝʪʳʨʝʭ ʤʦʩʪʠʢʦʚʳʭ ʠ ʜʚʫʭ ʭʝʣʘʪʥʦ-

ʤʦʩʪʠʢʦʚʳʭ ʧʠʚʘʣʘʪ-ʘʥʠʦʥʦʚ, ʛʝʦʤʝʪʨʠʷ ʧʦʣʠʵʜʨʘ EuO8 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʢʘʞʝʥʥʦʡ 

ʜʚʫʭʰʘʧʦʯʥʦʡ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʝ (ʉ2v, SQ(P) = 3.147). 
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ʈʠʩʫʥʦʢ 25. ʌʨʘʛʤʝʥʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʮʝʧʠ ʩʦʝʜʠʥʝʥʠʷ105ĿEu ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ, 

ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʠ ʤʝʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ ʛʨʫʧʧʘʭ ʥʝ ʧʦʢʘʟʘʥʳ.

ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ 105ĿLn ʚ ʨʝʘʢʮʠʷʭ ʩ ʭʝʣʘʪʠʨʫʶʱʠʤʠ 

N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ bpyʠ phen, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʨʘʟʨʫʰʘʶʪʩʷ ʜʦ 

ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ([Ln2(piv)6(bpy)2], [Ln2(piv)6(phen)2], [Cd2(piv)4(bpy)2] (85), 

[Cd2(piv)4(phen)2] (87)).

3.2.3. ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ [Ln(4-phbz)3]n (Ln = Sm, Eu, Gd, Dy, Tb, Ho)

ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʣʘ ʤʦʜʠʬʠʢʘʮʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ 

ʮʝʧʦʯʝʯʥʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ [EuCd2(Piv)7(H2O)2]n (105ĿEu). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 4-ʙʠʬʝʥʠʣʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʦʛʦ 

ʩʠʥʪʝʟʘ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʪʝʬʣʦʥʦʚʳʡ ʙʦʢʩ, 120 ʉ, 14 ʯ) ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʛʦʤʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʧʦʣʠʤʝʨʘ [Eu(4-phbz)3]n (106ĿEu), ʚ ʢʦʪʦʨʦʤ ʠʦʥʳ Eu(III) ʩʚʷʟʘʥʳ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʤʦʩʪʠʢʘʤʠ ʚ ʮʝʧʴ (ʨʠʩ. 26). ʂʨʠʩʪʘʣʣʳ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʤʝʩʷʮʝʚ. 

ʉʣʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʘʣʳʡ ʚʳʭʦʜ ʠ ʜʦʣʛʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʣʠ 

ʧʨʠʯʠʥʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʤʳ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʧʦʧʳʪʘʪʴʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʫ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ.

ʅʘ ʦʩʥʦʚʝ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʘʮʝʪʘʪʘ ʝʚʨʦʧʠʷ(III) ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʤʝʨʳ 106ĿLn (Ln = Eu, Gd, Dy, Tb)ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʘʢʮʠʠ ʰʝʩʪʠʚʦʜʥʦʛʦ 

ʘʮʝʪʘʪʘ Ln(III ) c 4-ʙʠʬʝʥʠʣʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (Ln : 4-phbz= 1 : 3) ʚ ʩʨʝʜʝ ʢʠʧʷʱʝʛʦ ʦ-

ʢʩʠʣʦʣʘ (144 ʉ, 1 ʯ). ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʠʦʥʳ Gd((III )), Dy(III) ʠ Tb(III). ɺ ʩʣʫʯʘʝ Yb(III) ʦʙʨʘʟʫʶʱʠʡʩʷ ʧʨʦʜʫʢʪ ʧʦ 

ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠʤʝʝʪ ʦʪʣʠʯʥʳʝ ʦʪ ʩʦʝʜʠʥʝʥʠʷ 105ĿEu
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ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʮʝʪʘʪʘ Ho(III) ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʧʦ 

ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʦʝʜʠʥʝʥʠʝ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ ʧʦʢʘ ʥʝʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ 

ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʧʨʦʜʫʢʪʳ. ɹʳʣʦ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 106ĿLn (Ln = Sm, Eu, Gd, 

Dy, Tb, Ho)ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʨʝʘʢʮʠʠ ʛʝʢʩʘʚʦʜʥʦʛʦ ʥʠʪʨʘʪʘ Ln(III ) 

c ʢʘʣʠʝʚʦʡ ʩʦʣʴʶ4-ʙʠʬʝʥʠʣʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (Ln : 4-phbz : KOH = 1 : 3 : 3) ʚ ʩʨʝʜʝ 

ʵʪʘʥʦʣʘ. ɺ ʵʪʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʠ 

ʥʠʪʨʘʪʘ ʢʘʣʠʷ, ʢʦʪʦʨʳʡ ʫʜʘʝʪʩʷ ʦʪʜʝʣʠʪʴ ʦʪ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʣʫʯʘʩʦʚʳʤ ʢʠʧʷʯʝʥʠʝʤ 

ʦʩʘʜʢʘ ʚ ʯʠʩʪʦʤ ʵʪʘʥʦʣʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʚʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʫʭʦʡ ʥʝʦʚʦʜʥʝʥʥʳʡ ʢʨʫʧʥʦʧʣʘʩʪʠʥʯʘʪʳʡ KOH, ʧʦʩʢʦʣʴʢʫ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʨʦʰʢʦʚʠʜʥʦʛʦ KOH ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʫʶ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʘʥʠʷ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ NEt3, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʯʠʩʪʳʭ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʜʥʘʢʦ ʩ ʤʝʥʴʰʠʤ ʚʳʭʦʜʦʤ. 

ʉʦʝʜʠʥʝʥʠʝ [Eu(4-phbz)3]n (106ĿEu) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʦʩʠ b, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ 21

(ʨʠʩ. 26a). ʅʘ ʠʦʥʝ Eu1 ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʜʝʚʷʪʴ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʰʝʩʪʠ 

ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤ ʛʨʫʧʧʘʤ, ʦʙʨʘʟʫʷ ʤʘʬʬʠʥʦʧʦʜʦʙʥʦʝ ʦʢʨʫʞʝʥʠʝ 

(ʧʘʨʘʤʝʪʨ SQ(P) = 4.090), ʛʜʝ ʘʪʦʤʳ O4, O5, O6, O4B, O6A ʟʘʥʠʤʘʶʪ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ 

ʧʦʟʠʮʠʠ, ʘ ʧʘʨʳ ʘʪʦʤʦʚ O1 ʠ O2, O3 ʠ O1B ʥʘʭʦʜʷʪʩʷ ʚ ʘʢʩʠʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ (ʨʠʩ. 26ʙ). 

ʂʘʞʜʳʝ ʜʚʘ ʩʦʩʝʜʥʠʭ ʘʪʦʤʘ ʤʝʪʘʣʣʘ (Eu1éEu1A 3.6542(3) ¡, ʫʛʦʣ Eu1A-Eu1-Eu1B ʨʘʚʝʥ 

148.63(1)o) ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʡ ʮʝʧʠ ʩʚʷʟʘʥʳ ʪʨʝʤʷ ʭʝʣʘʪʥʦ-ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ 

ʛʨʫʧʧʘʤʠ (Eu-O 2.359(3)ī 2.503(3) ¡). ʌʝʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʢʘʞʜʦʛʦ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ 

ʣʠʛʘʥʜʘ ʥʝ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʘʥʘʨʥʳʤʠ, ʫʛʣʳ ʤʝʞʜʫ ʠʭ ʧʘʨʘʤʠ 31.8(2)o(ʜʣʷ C2īC7 ʠ C8īC13 

ʢʦʣʝʮ), 41.7(2)o(ʜʣʷ C15īC20 ʠ C21īC26 ʢʦʣʝʮ) ʠ 35.0(2)o(ʜʣʷ C28īC33 ʠ C33īC38 ʢʦʣʝʮ).

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 106ĿEu, 

ʘʥʘʣʠʟ ʫʧʘʢʦʚʢʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʥʝ ʚʳʷʚʠʣ ʥʘʣʠʯʠʷ ʚ 

ʩʠʩʪʝʤʝ -́ʩʪʝʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʨʠʩ. 26ʚ).

ʉʦʝʜʠʥʝʥʠʷ [Ln(4-phbz)3]n (106ĿLn, Ln = Sm, Gd, Tb, Dy, Ho) ʠʟʦʩʪʨʫʢʪʫʨʥʳ 

ʩʦʝʜʠʥʝʥʠʶ [Eu(4-phbz)3]nʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʧʦʨʦʰʢʦʚʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʨʠʩ. ʇ5). 

ɼʣʷ 106ĿEu ʠʟʫʯʝʥʘ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ. ɺ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚʝʱʝʩʪʚʦ 

ʧʣʘʚʠʪʩʷ ʧʨʠ tm= 297 ÁC (ȹHm = 43.3 ʢɼʞ/ʤʦʣʴ), ʘ ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʪʦʨʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʪʝ ʞʝ ʩʚʦʡʩʪʚʘ ʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʠ 

ʠʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ (ʨʠʩ. 27). ʊʝʤʧʝʨʘʪʫʨʘʧʣʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 106ĿEuʚʳʰʝ, ʯʝʤ tm = 215 

oC 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ[83]. ʊʘʢʞʝ ʠʟʫʯʝʥʦ ʪʝʨʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʘ ʥʘ 
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ʚʦʟʜʫʭʝ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 106ĿEu ʥʘʯʠʥʘʝʪ ʧʣʘʚʠʪʴʩʷ ʧʨʠ 230 ÁC, ʯʘʩʪʠʯʥʦ ʨʘʟʣʘʛʘʷʩʴ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʧʨʦʮʝʩʩʘʤʠ ʦʢʠʩʣʝʥʠʷ.

ʘ

ʙ ʚ

ʈʠʩʫʥʦʢ 26. a ïʬʨʘʛʤʝʥʪ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ʢʦʤʧʣʝʢʩʘ [Eu(4-phbz)3]n (106ĿEu) 

ʚʜʦʣʴ ʦʩʠ b(ʬʝʥʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʥʝ ʧʦʢʘʟʘʥʳ; ʪʝʨʤʠʯʝʩʢʠʝ ʵʣʣʠʧʩʦʡʜʳ ʧʦʢʘʟʘʥʳ ʜʣʷ 

ʚʝʨʦʷʪʥʦʩʪʠ 30%; ʠʥʜʝʢʩʳ A ʠ B ʧʨʠ ʘʪʦʤʘʭ ʦʙʦʟʥʘʯʘʶʪ ʢʦʜʳ ʩʠʤʤʝʪʨʠʠ 3/2-x, 1/2+y, 

3/2-zʠ 3/2-x, -1/2+y, 3/2-z, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); ʙïʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʠʦʥʘ Eu1 ʚ 

106ĿEu; ʚïʬʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ106ĿEu. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʨʠʚʝʜʝʥʳ.

ʈʠʩʫʥʦʢ 27. a ïʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ 106ĿEu ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. b ïʊʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʦ ʤʝʨʝ 

ʥʘʛʨʝʚʘʥʠʷ ʦʙʨʘʟʮʘ 106ĿEuʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʠ ʥʘ ʚʦʟʜʫʭʝ.

3.3. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʜʠ(II) c ʣʘʥʪʘʥʠʜʘʤʠ(III).

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ, ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷʩ ʠʦʥʘʤʠ ʤʝʜʠ(II) ʠ ʣʘʥʪʘʥʠʜʦʚ(III) ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ. ɺʘʨʴʠʨʫʷ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʣʷʤʠ 
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ʤʝʜʠ(II) ʠ ʣʘʥʪʘʥʠʜʦʚ(III), ʠʭ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʜʦʧʦʣʥʷʷ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʢʘʨʙʦʢʩʠʣʘʪ-

ʘʥʠʦʥʘʤʠ ʠ ʧʦʜʙʠʨʘʷ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ, ʥʘʤ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʥʦʚʳʝ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʷʜʝʨʥʦʩʪʴʶ, ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʦʝʥʠʝʤ.

3.3.1. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Cu2Ln2(OH)2(piv)8(H2O)4]Ŀ4EtOH (Ln = Gd, 

Eu, Tb, Dy)

ʉʦʝʜʠʥʝʥʠʝ [Cu2Gd2(OH)2(piv)8(H2O)4]Ŀ4EtOH (107ĿGd) ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ ʥʠʪʨʘʪʦʚ ʤʝʜʠ(II) ʠ ʛʘʜʦʣʠʥʠʷ(III ) c ʧʠʚʘʣʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ 

ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʵʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘʪʨʠʷ ʛʠʜʨʦʦʢʠʩʠ (ʉu : Gd : Hpiv : NaOH= 2 : 1 : 7 

: 7) ʩ ʚʳʭʦʜʦʤ 26%. ʅʝʜʦʩʪʘʪʦʢ ʪʘʢʦʡ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʪʦʨʦʛʦ ʧʨʦʜʫʢʪʘ 

ʦʙʤʝʥʥʦʡ ʨʝʘʢʮʠʠ ïʥʠʪʨʘʪʘ ʥʘʪʨʠʷ, ʦʯʠʩʪʢʘ ʦʪ ʢʦʪʦʨʦʛʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʧʦʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ (MeCN, EtOH) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʪʝʨʷʤʠ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʅʘʤ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʯʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ 107ĿLn (Ln = Gd, Eu, Tb, Dy) ʧʫʪʝʤ ʩʧʝʢʘʥʠʷ ʧʠʚʘʣʘʪʦʚ 

ʤʝʜʠ(II) ʠ ʣʘʥʪʘʥʠʜʘ(III ) (Cu : Ln = 2 : 1) ʚ ʩʨʝʜʝ ʦ-ʢʩʠʣʦʣʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 180 Áʉ (ʜʦ 

ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʵʪʘʥʦʣʘ (ʚʳʭʦʜʳ 

48-54%). 

ʂʦʤʧʣʝʢʩ 107ĿGd ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-1 ʚ 

ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ ʯʝʪʳʨʴʤʷ ʤʦʣʝʢʫʣʘʤʠ ʵʪʘʥʦʣʘ. ʉʪʨʫʢʪʫʨʫ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʜʚʘ ʪʨʝʫʛʦʣʴʥʠʢʘ Cu2Gd(m3-OH) ʩ ʦʙʱʝʡ ʩʪʦʨʦʥʦʡ Cu2 (CuéCu3.0448(10) 

¡, CuéGd 3.5781(5) ¡, ʨʠʩ. 28), ʮʝʥʪʨ ʠʥʚʝʨʩʠʠ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʘʪʦʤʘʤʠ Cu(1) ʠ 

Cu(1A). ʇʘʨʳ ʘʪʦʤʦʚ ʤʝʪʘʣʣʦʚ, ʤʝʜʠʠ ʛʘʜʦʣʠʥʠʷ, ʩʚʷʟʘʥʳ ʦʜʥʦʡ ʤʦʩʪʠʢʦʚʦʡ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʠ ʦʜʥʦʡ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʦʡ. ʂʘʞʜʘʷ OH-ʛʨʫʧʧʘ ʩʚʷʟʳʚʘʝʪ ʧʦ ʜʚʘ ʘʪʦʤʘ 

ʤʝʜʠ ʠ ʛʘʜʦʣʠʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʰʠʥʘʭ ʪʨʝʫʛʦʣʴʥʠʢʘ (ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ OH-

ʛʨʫʧʧʳ ʚʳʭʦʜʠʪ ʠʟ ʧʣʦʩʢʦʩʪʠ Cu2Gdʥʘ 0.765(3) ¡).

ʀʦʥ ʤʝʜʠ ʠʤʝʝʪ ʢʚʘʜʨʘʪʥʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ (CuïO(piv) 1.920(3) ¡, 

1.926(3) ¡, CuïO(OH) 1.962(3) ¡, 1.974(3) ¡) ʠ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʧʣʦʩʢʦʩʪʠ O4ʥʘ 0.0551(13) 

¡. ɻʝʦʤʝʪʨʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʘ Cu1 (CuO4) ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʟʦʤ 

ʜʘʥʥʳʭ ʈʉɸ (D4h, ʩ ʧʘʨʘʤʝʪʨʦʤ SQ(P) =0.974) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

(ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʛʝʦʤʝʪʨʠʷ ʧʦʣʠʵʜʨʦʚ Cuʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Shapev2.1 [5, 

36]). 

ʀʦʥ ʛʘʜʦʣʠʥʠʷ ʢʦʦʨʜʠʥʠʨʫʝʪ ʦʜʥʫ OH-ʛʨʫʧʧʫ, ʜʚʝ ʤʦʩʪʠʢʦʚʳʝ (GdïO 2.348(3), 

2.367(3) ¡) ʠ ʜʚʝ ʭʝʣʘʪʥʳʝ (GdïO 2.445(3)ï2.574(3) ¡) ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʜʚʝ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ (GdïO2.404(3), 2.467(3) ¡). ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʦʥʘ ʛʘʜʦʣʠʥʠʷ 

(GdO9) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʰʘʧʦʯʥʫʶ ʢʚʘʜʨʘʪʥʫʶ ʘʥʪʠʧʨʠʟʤʫ (C4v, ʩ ʧʘʨʘʤʝʪʨʦʤ
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SQ(P) = 1.973) (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʛʝʦʤʝʪʨʠʷ ʧʦʣʠʵʜʨʦʚ Cdʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

Shapev2.1[96, 97]). 

ʈʠʩʫʥʦʢ 28.ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ 107ĿGd(ʪʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 30%). 

ʄʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ ʛʨʫʧʧ, ʩʦʣʴʚʘʪʥʳʝ 

ʤʦʣʝʢʫʣʳ ʵʪʘʥʦʣʘ ʠ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʨʠʚʝʜʝʥʳ.

ʊʘʢ ʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʘ Cu(1) ʩ 

ʘʪʦʤʦʤ O(1) ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ʭʝʣʘʪʥʦ-ʩʚʷʟʘʥʥʦʡ ʩ Gd(1) (CuéO 2.456(3) ¡). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʢʨʫʞʝʥʠʝ Cu(1) ʜʦʩʪʨʘʠʚʘʝʪʩʷ ʜʦ ʠʩʢʘʞʝʥʥʦʡ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ (C4v, SQ(P) 

= 1.782). ʄʦʩʪʠʢʦʚʘʷ OH-ʛʨʫʧʧʘ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ H-ʩʚʷʟʠ ʩ 

ʘʪʦʤʦʤ O(4) ʭʝʣʘʪʥʦ-ʩʚʷʟʘʥʥʦʡ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ (OéO2.758(4) ¡, OHO117.9Á).

ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʠʦʥʦʤ ʣʘʥʪʘʥʠʜʘ(III) ʤʦʣʝʢʫʣʳ ʚʦʜʳ 

ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ H-ʩʚʷʟʝʡ ʩʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʵʪʘʥʦʣʘ 

(OéO 2.700(6)ï2.736(7) ¡, OHO 142.7ï159.3Á), ʘ ʪʘʢ ʞʝ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʦʡ (OéO

2.634(4) ¡, OHO157.3Á) ʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʩʦʩʝʜʥʝʡ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ (OéO 3.140(6) 

¡, OHO159.4Á). ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ H-ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʵʪʘʥʦʣʘ ʩ ʘʪʦʤʘʤʠ Oʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ (OéO 2.711(5), 2.780(8) 

¡, OHO177.8, 150.5Á).

ʉʦʝʜʠʥʝʥʠʷ [Cu2Ln2(OH)2(piv)8(H2O)4]Ŀ4EtOH (107ĿLn, Ln = Eu, Tb, Dy) 

ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʢʦʤʧʣʝʢʩʫ [Cu2Gd2(OH)2(piv)8(H2O)4]Ŀ4EtOH (107ĿGd) ʩʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ (ʨʠʩ. ʇ6).
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3.3.2. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ[Cu9Ln9(piv)21(ɛ3-

OH)21(OH)(EtOH) 5]2+Ŀ2(NO3)- (Ln = Eu, Gd, Dy, Tb)

ɺʘʨʴʠʨʫʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʝʘʛʝʥʪʦʚ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʦʤ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʘ107ĿGd

ʥʘʤ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʥʦʚʦʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ [Cu9Gd9(piv)21(ɛ3-

OH)21(OH)(EtOH)5]
2+Ŀ2(NO3)

- (108ĿGd). ʀʩʭʦʜʷ ʠʟ ʝʛʦ ʩʦʩʪʘʚʘ 108ĿGd ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʩʣʝʜʫʶʱʝʝ: ʉu : Gd : Hpiv : NaOH= 9 : 9 : 18 : 43 (ʚʳʭʦʜ 

34%). ʇʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʯʠʩʪʦʡ ʬʘʟʳ 108ĿGd ʚ ʵʪʦʤ ʩʠʥʪʝʟʝ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚʪʦʨʦʛʦ ʧʨʦʜʫʢʪʘ ïʥʠʪʨʘʪʘ ʥʘʪʨʠʷ. ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʥʠʪʨʘʪʘ ʥʘʪʨʠʷ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ 108ĿLn (Ln = Eu, Gd, 

Dy, Tb) ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʠʚʘʣʘʪ ʤʝʜʠ(II) ʚʤʝʩʪʦ ʥʠʪʨʘʪʘ ʤʝʜʠ(II), ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʦ 

ʫʙʨʘʪʴ ʠʟ ʩʧʠʩʢʘ ʨʝʘʛʝʥʪʦʚ ʧʠʚʘʣʠʥʦʚʫʶ ʢʠʩʣʦʪʫ. ʂ ʘʮʝʪʦʥʠʪʨʠʣʴʥʦʤʫ ʨʘʩʪʚʦʨʫ ʩʦʣʝʡ 

ʤʝʪʘʣʣʦʚ ʧʨʠʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ʱʝʣʦʯʠ ʚ ʵʪʘʥʦʣʝ (ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ ʙʳʣʦ 

ʩʣʝʜʫʶʱʠʤ ʉu : Ln : NaOH= 9 : 9 : 25, ʚʳʭʦʜʳ ʩʦʩʪʘʚʠʣʠ 50-60%).

ʉʦʝʜʠʥʝʥʠʝ 108ĿGd ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʵʪʘʥʦʣʘ (108ĿGdĿ2MeCNĿEtOH). ʌʦʨʤʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʘʨʢʘʩʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʢʘʢ ʧʦʣʳʡ ʮʠʣʠʥʜʨ, ʢʦʪʦʨʳʡ ʩʬʦʨʤʠʨʦʚʘʥ ʯʝʨʝʜʫʶʱʠʤʠʩʷ 

{ Cu3} ʠ {Gd3} ʬʨʘʛʤʝʥʪʘʤʠ (ʨʠʩ. 29), ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʛʠʜʨʦʢʩʦ- ʠ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʤʦʩʪʠʢʘʤʠ (ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 

108ĿGdʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 14). ʇʦʩʢʦʣʴʢʫ ʩʪʨʦʝʥʠʝ ʩʚʷʟʫʶʱʠʭ ʬʨʘʛʤʝʥʪʦʚ ʠʜʝʥʪʠʯʥʦʝ, 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʵʪʦʛʦʩʦʝʜʠʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʦʧʠʩʘʪʴ ʩʪʨʦʝʥʠʝ 

ʬʨʘʛʤʝʥʪʦʚ {Cu3} ʠ {Gd3} ʠ ʩʚʷʟʫʶʱʠʭ ʤʦʩʪʠʢʦʚʳʭ ʛʨʫʧʧ ʤʝʞʜʫ ʥʠʤʠ (ʨʠʩ. 29). ʊʨʠ ʠʦʥʘ 

ʛʘʜʦʣʠʥʠʷ(III) ʩʚʷʟʘʥʳ ʯʝʪʳʨʴʤʷOH-ʛʨʫʧʧʘʤʠ (ʪʨʠ ɛ2- ʠ ʦʜʥʘ ɛ3-ʤʦʩʪʠʢʦʚʳʝ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʫʛʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 14). ʀʦʥʳ Gd(III) ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʪʨʝʤʷ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɺ ʜʚʫʭ ʠʟ ʪʨʝʭ ʬʨʘʛʤʝʥʪʘʭ {Gd3} ʘʪʦʤ Gd(1) ʜʦʩʪʨʘʠʚʘʝʪ ʩʚʦʝ 

ʂʏ ʜʦ 8 ʢʦʦʨʜʠʥʘʮʠʝʡ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʪʨʝʭ ʤʦʩʪʠʢʦʚʳʭ OH-ʛʨʫʧʧ ʩʦʩʝʜʥʝʛʦʬʨʘʛʤʝʥʪʘ 

{ Cu3} (Gd1xéCu 3.300(3) ï3.524(2)), ʘ ʚ ʦʜʥʦʤ {Gd3} ʠʜʝʥʪʠʯʥʳʡ ʘʪʦʤ Gdʜʦʩʪʨʘʠʚʘʝʪ 

ʩʚʦʝ ʦʢʨʫʞʝʥʠʝ (GdO9) ʜʦ ʂʏ = 9 ʢʦʦʨʜʠʥʘʮʠʝʡ ʤʦʣʝʢʫʣʳ ʵʪʘʥʦʣʘ. ʂʘʞʜʳʡ ʠʦʥ Gd(2) ʠ 

Gd(3) ʜʦʩʪʨʘʠʚʘʝʪ ʩʚʦʝ ʂʏ ʜʦ 8 ʢʦʦʨʜʠʥʘʮʠʝʡ ʘʪʦʤʦʚ Oʜʚʫʭ ʤʦʩʪʠʢʦʚʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʛʨʫʧʧ, ʩʚʷʟʳʚʘʶʱʠʭ ʝʛʦ ʩ ʠʦʥʦʤ Cu(2) ʠʣʠ Cu(3), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʘʪʦʤʦʤ O

ʧʨʠʥʘʜʣʝʞʘʱʠʤ ʤʦʣʝʢʫʣʝ ʵʪʘʥʦʣʘ ʠʣʠ OH-ʛʨʫʧʧʝ (ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʈʉɸ ʠ ʫʩʣʦʚʠʡ 

ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ 108ĿGd, ʤʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʦʜʥʠʤ ʠʟ 

ʘʪʦʤʦʚ Gd(III) ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ OH-ʛʨʫʧʧʝ).
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ʀʦʥʳ Cu(1), Cu(2) ʠ Cu(3) ʦʙʨʘʟʫʶʪ ʪʨʝʫʛʦʣʴʥʠʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʷʟʳʚʘʥʠʷ ʪʨʝʤʷÕ-

OH ʛʨʫʧʧʘʤʠ ʧʦ ʪʨʝʤ ʩʪʦʨʦʥʘʤ (CuéCu 3.164(2) - 3.643(2)). ʂʘʞʜʳʡ ʠʦʥ Cu(II) ʠʤʝʝʪ 

ʠʩʢʘʞʝʥʥʦʝ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʘʪʦʤ 

Cu1 ʩʚʷʟʘʥ ʩ ʪʨʝʫʛʦʣʴʥʳʤ ʬʨʘʛʤʝʥʪʦʤ {Gd3} ʪʨʝʤʷ OH-ʛʨʫʧʧʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʫʙʘʥʦʧʦʜʦʙʥʳʡ ʬʨʘʛʤʝʥʪ (ʨʠʩ. 29ʙ). 

ʘ ʙ

ʚ

ʈʠʩʫʥʦʢ 29. ʉʪʨʦʝʥʠʝ {Cu3} ʠ {Gd3} (ʘ) ʠ ʧʩʝʚʜʦʢʫʙʘʥʦʚʦʛʦ {Gd3Cu} (ʙ) ʬʨʘʛʤʝʥʪʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʩʦʝʜʠʥʝʥʠʷ 108ĿGd (ʚ). ʊʨʝʪ-ʙʫʪʠʣʴʥʳʝ ʛʨʫʧʧʳ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʠ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʨʠʚʝʜʝʥʳ.

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʛʝʦʤʝʪʨʠʷ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʢʦʤʧʣʝʢʩʘ ʘʥʘʣʦʛʠʯʥʘ ʧʦʣʦʤʫ 

ʮʠʣʠʥʜʨʫ, ʚʥʫʪʨʝʥʥʷʷ ʧʦʣʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʬʦʨʤʠʨʦʚʘʥʘ ʘʪʦʤʘʤʠ ʤʝʜʠ ʠ ʢʠʩʣʦʨʦʜʘ OH-

ʛʨʫʧʧ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʣʦʩʪʴ ʟʘʢʨʳʪʘ ʩ ʦʙʦʠʭ ʩʪʦʨʦʥ ʜʚʫʤʷ NO3-ʘʥʠʦʥʘʤʠ (ʨʠʩ. 29ʚ), 
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ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪ 6 ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʘʪʦʤʘʤʠ Hʛʠʜʨʦʢʩʦ-ʛʨʫʧʧ ʢʦʤʧʣʝʢʩʘ 

(ʧʘʨʘʤʝʪʨʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ïʫʛʣʳ ʠ ʨʘʩʩʪʦʷʥʠʷ ïʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 14). ʉʘʤʘ 

ʧʦʣʦʩʪʴ ʦʩʪʘʝʪʩʷ ʩʚʦʙʦʜʥʦʡ. 

3.3.3. ʉʠʥʪʝʟʠ ʩʪʨʦʝʥʠʝʢʦʤʧʣʝʢʩʘ[Cu10Ho9(piv)23(m3-

OH)22(H2O)4]2+Ŀ2(NO3)Ŀ3Me2COĿEtOH

ʅʘ ʧʨʠʤʝʨʝ Cu-Ho ʩʠʩʪʝʤʳ ʚ ʨʝʘʢʮʠʠ ʧʠʚʘʣʘʪʘ ʤʝʜʠ(II) ʠ ʥʠʪʨʘʪʘ ʛʦʣʴʤʠʷ(III) ʚ 

ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ(ʉu : Ho : NaOH= 9 : 9 : 25) (ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʠʯʥʳ ʧʦʣʫʯʝʥʠʶ 

108ĿGd) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʠʟ ʘʮʝʪʦʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [Cu10Ho9(piv)23(ɛ3-OH)22(H2O)4]
2+Ŀ2(NO3

-)Ŀ3Me2COĿEtOH

(109, ʨʠʩ. 30ʘ). ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 3%.

ʉʦʝʜʠʥʝʥʠʝ 109ʠʤʝʝʪ ʤʝʪʘʣʣʦʦʩʪʦʚ, ʘʥʘʣʦʛʠʯʥʳʡ ʩʦʝʜʠʥʝʥʠʶ 108ĿLn (ʦʩʥʦʚʥʳʝ 

ʜʣʠʥʳ ʩʚʷʟʝʡ, ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʛʣʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 14), ʥʦ ʜʚʘ ʨʷʜʦʤ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ (ʚ ʦʜʥʦʤ ʪʨʝʫʛʦʣʴʥʦʤ Ho3-ʬʨʘʛʤʝʥʪʝ) ʘʪʦʤʘ ʛʦʣʴʤʠʷ(III) ʯʝʨʝʟ ʦʜʥʫ Õ3-OH

ʠ ʜʚʝ Õ2-ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧʳ ʜʦʩʪʨʘʠʚʘʶʪ ʤʝʪʘʣʣʦʦʩʪʦʚ ʤʦʣʝʢʫʣʳ ʜʦ { Cu10Ho9}

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʘʪʦʤʘ ʤʝʜʠ(II) Cu10 (ʨʠʩ. 30ʙ, Ho-OH 2.433ï2.520, Ho-OOCR 2.279ï2.291, 

Cu-OH 1.912, Cu-OOCR 1.950ï1.967, Cu..Ho 3.693ï3.791). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʝʱʝ 

ʦʜʠʥ ʪʨʝʫʛʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ CuHo2, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤ Cu10 ʜʦʩʪʨʘʠʚʘʝʪ ʩʚʦʝ ʦʢʨʫʞʝʥʠʝ

ʢʦʦʨʜʠʥʘʮʠʝʡ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ (Cu-OOCR1.920) ʜʦ ʂʏ = 4 (ʜʚʘʞʜʳ ʚʘʢʘʥʪʥʳʡ ʧʦ 

ʘʢʩʠʘʣʴʥʳʤ ʧʦʟʠʮʠʷʤ ʦʢʪʘʵʜʨ ʩ ʩʠʤʤʝʪʨʠʝʡ C2v).

ʘ ʙ

ʈʠʩʫʥʦʢ 30. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 109 (ʘ) ʠ ʝʝ ʬʨʘʛʤʝʥʪ, ʧʦʢʘʟʳʚʘʶʱʠʡ 

ʩʚʷʟʴ ʘʪʦʤʘ Cu10 ʩ ʤʝʪʘʣʣʦʦʩʪʦʚʦʤ {Cu9Ho9} (ʙ). ʊʨʝʪ-ʙʫʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʣʠʛʘʥʜʦʚ, ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʠ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʨʠʚʝʜʝʥʳ. 
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ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʨʘʱʠʚʘʥʠʷ ʤʝʪʘʣʣʦʦʩʪʦʚʘ 18-ʷʜʝʨʥʳʭ 

ʤʦʣʝʢʫʣ ʟʘ ʩʯʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʜʠ, ʦʜʥʘʢʦ ʚʳʜʝʣʠʪʴ ʧʨʦʜʫʢʪʳ 

ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʤʝʜʠ ʢ { Cu10Ho9} (109)ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ.

3.3.4. ʉʠʥʪʝʟʠ cʪʨʦʝʥʠʝ[Cu9Ln9(piv)21(OH)21(H2O)(EtOH)5Cl]2+Ŀ2(NO3
-) (Ln =Gd, 

Tb)

ɹʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʧʝʨʝʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʘʪʦʤʦʚ ʤʝʜʠ ʥʘ ʘʪʦʤʳ d-ʤʝʪʘʣʣʦʚ 

ʧʨʠʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ108ʩCoCl2Ŀ6H2O ʠʣʠZnCl2 (ʚ ʨʝʘʢʮʠʠ ʩ NiCl2 ʚʳʜʝʣʠʪʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʥʝ ʫʜʘʣʦʩʴ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʦʙʱʝʡ 

ʬʦʨʤʫʣʳ [Cu9Ln9(piv)21(OH)21(H2O)(EtOH)5Cl]2+Ŀ2(NO3
-) (110ĿLn , Ln = Gd, Tb, ʚʳʭʦʜʳ 5-

54%), ʠʦʥʳ ʮʠʥʢʘ ʠ ʢʦʙʘʣʴʪʘ ʚ ʩʦʩʪʘʚ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʚʦʰʣʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʜʘʥʥʳʤʠ ʘʥʘʣʠʟʘ ʥʘ ʤʝʪʘʣʣʳ ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ.

ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 110ʙʣʠʟʢʦ ʢ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ 108, ʦʜʥʘʢʦ ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʣʦʩʪʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʘʪʦʤ ʭʣʦʨʘ Cl1, ʢʦʪʦʨʳʡ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʤʝʜʠ Cu1x, Cu1y ʠ Cu1z (ʨʠʩ. 334). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʘʪʦʤ 

ʭʣʦʨʘ ʷʚʣʷʝʪʩʷ Õ3-ʤʦʩʪʠʢʦʚʳʤ ʣʠʛʘʥʜʦʤ. ʊʘʢʦʝ ʚʩʪʨʘʠʚʘʥʠʝ ʭʣʦʨʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʘʪʦʤʦʚ ʤʝʜʠ (Cu1x, Cu1y ʠ Cu1z) c 5 (ʢʚʘʜʨʘʪʥʘʷ 

ʧʠʨʘʤʠʜʘ) ʜʣʷ 108ʜʦ 6 (ʦʢʪʘʵʜʨ), ʯʪʦ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥ ʩʚʷʟʝʡ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ OH-ʛʨʫʧʧ ʚ ʚʝʨʰʠʥʘʭ ʦʢʪʘʵʜʨʦʚ (ʦʩʥʦʚʥʳʝ ʜʣʠʥʳ 

ʩʚʷʟʝʡ, ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 14). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ 

108, ʢʘʞʜʳʡ ʥʠʪʨʘʪ-ʘʥʠʦʥ ʦʙʨʘʟʫʝʪ 6 ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡʩ OH ʛʨʫʧʧʘʤʠ ʢʘʪʠʦʥʥʦʛʦ 

ʤʝʪʘʣʣʦʦʩʪʦʚʘ 110. 

3.3.5. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ[Cu9Gd9(2-naph)21(H2O)6(OH)21Cl]2+Ŀ2(NO3
-)Ŀ18H2O

ʅʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ Cu9Gd9(2-naph)21(H2O)6(OH)21Cl]Ŀ2NO3Ŀ18H2O (111) ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʩ 18-ʷʜʝʨʥʳʤ ʤʝʪʘʣʣʦʦʩʪʦʚʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠ ʩ 2-ʥʘʬʪʦʘʪ 

ʘʥʠʦʥʦʤ (2-naph-). ʉʦʝʜʠʥʝʥʠʝ 111ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʨʝʘʢʮʠʝʡ CuCl2Ŀ2H2O, Gd(NO3)3Ŀ6H2Oʠ 

2-ʥʘʬʪʦʡʥʦʡ ʢʠʩʣʦʪʦʡ (Cu : Gd : 2-naph: NaOH= 1 : 1 : 2 : 5) ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (NaOH, 

MeCN/EtOH) c ʚʳʭʦʜʦʤ 8%. ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʩʪʨʦʝʥʠʝ ʤʝʪʘʣʣʦʛʠʜʨʦʢʩʦʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ 

ʦʩʪʦʚʘ ʢʦʤʧʣʝʢʩʘ 111 (ʨʠʩ.31) ʙʣʠʟʢʦ ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʜʣʷ 110(ʦʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ, 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʫʛʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 14).
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ʈʠʩʫʥʦʢ 31. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ 110ĿTb (ʘ) ʠ 111ĿGd (ʙ). 

ʅʘʬʪʠʣʴʥʳʝ ʠ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ 

ʵʪʘʥʦʣʘ ʠ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʨʠʚʝʜʝʥʳ.

ʊʘʙʣʠʮʘ 14. ʆʩʥʦʚʥʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ(ʚ ¡) ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ 108ï111.

108ĿGd 109ĿHo 110ĿTb 111ĿGd

CuéCu

(ʫ ʧʦʣʦʩʪʠ)

4.526(2) - 4.558(4) 4.475(2) - 4.494(2) 4.390(3) - 4.406(3) 4.378(3)

CuéCu

(ʚ ʬʨʘʛʤ. {Cu} 3)

3.164(2) - 3.643(2) 3.123(2) - 3.684(2) 3.192(2) - 3.587(3) 3.259(4) - 3.593(4)

LnéLn

(ʚ ʬʨʘʛʤ. {Ln} 3)

3.799(2) - 3.894(2) 3.527(3) - 3.845(3) 3.776(2)- 3.880(2) 3.791(2) - 3.869(2)

CuéLn 3.300(3) - 3.873(2) 3.269(3) - 3.840(2) 3.315(2) - 3.790(3) 3.334(4)- 3.809(4)

Cu-OOCR 1.904(12) - 2.321(7) 1.910(6) - 1.967(8) 1.913(11) - 1.960(11) 1.917(15)- 1.948 

(17)

Cu-OH 1.929(10)- 2.321(7) 1.912(6) - 2.306(6) 1.907(9) - 2.454(17) 1.904(13)-2.373 (13)

Ln-OOCR 2.30(2) - 2.52(2) 2.259(6)- 2.443(7) 2.298(11) - 2.55(2) 2.303(18) -

2.457(15)

Ln-OH 2.336(7)- 2.532(12) 2.303(5) - 2.520(5) 2.314(13) - 2.541(17) 2.322(15) -

2.543(13)

Ln-O

(ʤʦʥʦʜʝʥʪ. 

ʣʠʛʘʥʜʳ)

2.495(11)- 2.60(7) 

(EtOH); 2.514(10) 

(OH)

2.461(6)- 2.505(7) 2.46(2) - 2.518(11) 

(EtOH)

2.521(18)-

2.546(19)

NéN 6.65(17) 6.677(7) 6.640(17) 6.74(3)

Cu..Cl ʥʝʪ ʥʝʪ 2.535(6) - 2.542(4) 2.527(2)

O2NOéOH 2.760(11) - 2.919(10) 2.764(7) - 2.907(7) 2.77 (2) - 2.93(2) 2.83(2)- 2.90(2)

H..ONO2 1.772(8)- 1.930(8) 1.773(5) - 1.942(6) 1.794(14) - 1.954(11) 1.829(7) - 1.934(8)

ʋʛʦʣ OHO 165.1 - 173.0ʦ 161.3 - 172.3ʦ 161.9 - 168.6ʦ 165.4- 170.0ʦ
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3.3.6. ʉʠʥʪʝʟʠʩʪʨʦʝʥʠʝ[Cu3Gd2(piv)8(NO3)4(Pyz)3]n

ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʠʚʘʣʘʪʘ ʤʝʜʠ ʠ ʥʠʪʨʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩ 

ʥʝʡʪʨʘʣʴʥʳʤʠ N-ʜʦʥʦʨʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺ ʨʝʘʢʮʠʠ [Cu(piv)2]nʩ ʧʠʨʘʟʠʥʦʤ 

(pyz) ʚ MeCN ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʠ Gd(NO3)3Ț6H2O (ʨʝʘʛʝʥʪʳ ʙʳʣʠ ʚʟʷʪʳ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ Cu : Gd : pyz = 1 : 1 : 2.8) ʥʘʤ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ 

ʩʦʩʪʘʚʘ [Cu3Gd2(piv)8(NO3)4(pyz)3]n (112) ʩ ʚʳʭʦʜʦʤ 16%. 

ʇʦ ʜʘʥʥʳʤ ʈʉɸ ʩʦʝʜʠʥʝʥʠʝ 112ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 3D-ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ, 

ʢʦʪʦʨʳʡ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P21/c. ʕʣʝʤʝʥʪʘʨʥʳʤ 

ʟʚʝʥʦʤ ʚ 112 ʷʚʣʷʶʪʩʷ ʧʝʥʪʘʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ {Cu3Gd2}, ʩʚʷʟʘʥʳʝ ʤʦʩʪʠʢʦʚʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʧʠʨʘʟʠʥʘ ʚ 3D ʧʦʣʠʤʝʨ (ʨʠʩ. 32). ʇʝʥʪʘʷʜʝʨʥʳʡ ʬʨʘʛʤʝʥʪ {Cu3Gd2} ʠʤʝʝʪ 

ʩʪʨʦʝʥʠʝ, ʪʠʧʠʯʥʦʝ ʜʣʷ Cu3Ln2-ʢʦʤʧʣʝʢʩʦʚ (ʩʤ. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʠ[28, 29, 41, 111, 

115]), ʚ ʢʦʪʦʨʦʤ ʜʚʘ ʙʠʷʜʝʨʥʳʭ CuGd-ʬʨʘʛʤʝʥʪʘ (Cu1Gd1 ʠ Cu3Gd2) ʩʦ ʩʭʦʞʝʡ ʛʝʦʤʝʪʨʠʝʡ 

ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʯʝʨʝʟ ʦʜʠʥ ʘʪʦʤ ʤʝʜʠ (Cu2) (CuéGd 4.480(4)-4.754(4) Ȕ). 

ʄʦʩʪʠʢʦʚʳʝ ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʘʪʦʤʦʤ ʤʝʜʠ Cu2 ʠ ʘʪʦʤʘʤʠ 

ʛʘʜʦʣʠʥʠʷ (Gd-O 2.291(8), 2.302(9) ¡; Cu-O 1.922(7), 1.934(7) ¡).ɺ ʙʠʷʜʝʨʥʳʭ CuGd-

ʬʨʘʛʤʝʥʪʘʭ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʳ ʪʨʝʤʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ (CuéGd 3.725(4)-

3.757(4) ¡: Gd-O 2.268(7)-2.325(8) ¡; Cu-O 1.912(8)-1.982(7) ¡). ʇʦʣʠʵʜʨ GdO8ʜʦʩʪʨʦʝʥ 4 

ʘʪʦʤʘʤʠ Oʭʝʣʘʪʥʳʭ NO3-ʛʨʫʧʧ (Gd-O 2.423(9)-2.480(8)) ʜʦ ʪʨʝʫʛʦʣʴʥʦʛʦ ʜʦʜʝʢʘʵʜʨʘ (D2d, 

ʧʘʨʘʤʝʪʨ SQ(P) ʨʘʚʝʥ3.360 ʠ 2.665). ʎʝʥʪʨʘʣʴʥʳʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʘʪʦʤʳ ʤʝʜʠ 

ʜʦʩʪʨʘʠʚʘʶʪ ʩʚʦʝ ʦʢʨʫʞʝʥʠʝ ʜʦ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʦʛʦ (Cu2: D4h, ʧʘʨʘʤʝʪʨ SQ(P) = 0.078) ʠ 

ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ (C4v, ʧʘʨʘʤʝʪʨ SQ(P) ʨʘʚʝʥ1.379 ʜʣʷ Cu1 ʠ 0.992 ʜʣʷ Cu3), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʚʫʤʷ ʘʪʦʤʘʤʠ N ʤʦʣʝʢʫʣʧʠʨʘʟʠʥʘ (Cu-N ʜʣʷ N ʚ ʦʩʥʦʚʘʥʠʠ ʧʠʨʘʤʠʜʳ: 

1.993(8)-2.061(8) ¡; ʠ ʜʣʷ ʘʧʠʢʘʣʴʥʳʭ N: 2.352(9)-2.478(9) ¡). ʐʝʩʪʴ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣ ʧʠʨʘʟʠʥʘ ʩʚʷʟʳʚʘʶʪ ʧʝʥʪʘʷʜʨʝʥʳʡ ʬʨʘʛʤʝʥʪ ʩ ʰʝʩʪʴʶ ʩʦʩʝʜʥʠʤʠ Cu3Gd2-

ʬʨʘʛʤʝʥʪʘʤʠ (CuéCu 6.849-7.243 ¡).
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ʈʠʩʫʥʦʢ 32. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʘ 112 (ʘ) ʠ ʬʨʘʛʤʝʥʪ ʝʛʦ ʫʧʘʢʦʚʢʠ ʚ 

ʢʨʠʩʪʘʣʣʝ (ʙ). ʄʝʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ ʛʨʫʧʧʘʭ (a) ʠ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʥʝ ʧʨʠʚʝʜʝʥʳ.

3.3.7. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ[EuCu2(piv)7(H2O)2]nĿ1.5nC2H5OH ʠ

[Cu12Gd6(piv)10(OH)28(H2O)14]4+Ŀ(ʉO3
2-)(piv-)(Otf -)(Hpiv)ȚxH2OȚyEtOH

ɿʘʤʝʥʘ ʥʠʪʨʘʪʘ ʝʚʨʦʧʠʷ(III) ʥʘ ʪʨʠʬʣʘʪ ʝʚʨʦʧʠʷ(III) ʚ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʧʠʚʘʣʘʪʦʤ ʤʝʜʠ(II) ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ (Cu : Eu : NaOH= 1 : 2 : 2.78) ʚ ʩʤʝʩʠ MeCN/EtOH

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [EuCu2(piv)7(H2O)2]nĿ1.5nC2H5OH (113). ɺʳʭʦʜ 

ʩʦʩʪʘʚʠʣ 31%. ʂʨʠʩʪʘʣʣʳ 113 ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʧʦʩʪʝʧʝʥʥʦ 

ʨʘʟʨʫʰʘʶʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʜʝʩʦʣʴʚʘʪʘʮʠʝʡ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʣʠ, ʯʪʦ ʚʝʱʝʩʪʚʦ 

ʥʝ ʫʩʪʦʡʯʠʚʦ ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʚ ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ. 

ʉʦʝʜʠʥʝʥʠʝ 113ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ 1.5 ʤʦʣʝʢʫʣʘʤʠ ʵʪʘʥʦʣʘ. 113

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 1Dʧʦʣʠʤʝʨ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʚʝʥʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʣʠʥʝʡʥʳʝ ʪʨʝʭʲʷʜʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ {Cu2Eu(piv)7(H2O)2} (ʪʘʢʦʝ ʩʪʨʦʝʥʠʝ ʪʠʧʠʯʥʦ ʠ ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ), ʩʦʩʪʦʷʱʠʝ ʠʟ

ʜʚʫʭ ʠʦʥʦʚ ʤʝʜʠ ʠ ʦʜʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ ʝʚʨʦʧʠʷ (Cu1éEu1 3.718(2) ¡, Cu2éEu1 

3.712(2) ¡, ʫʛʦʣ Cu1-Eu1-Cu2 178.92(4)o), ʧʦʧʘʨʥʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʰʝʩʪʴʶ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʤʦʩʪʠʢʘʤʠ (ʨʠʩ. 33). ɸʪʦʤ Eu1 ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ ʰʝʩʪʠ ʘʪʦʤʦʚ 

ʢʠʩʣʦʨʦʜʘ ʰʝʩʪʠʤʦʩʪʠʢʦʚʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʠ ʜʚʫʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʭʝʣʘʪʥʦ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʧʠʚʘʣʘʪʥʦʡ ʛʨʫʧʧʳ. ɸʪʦʤʳ ʤʝʜʠ ʠʤʝʶʪʠʩʢʘʞʝʥʥʦʝ ʢʚʘʜʨʘʪʥʦ-

ʧʠʨʘʤʠʜʘʣʴʥʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʷʪʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 

(Ű(Cu1) = 0.08, Ű(Cu2) = 0.03[1]), ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʯʝʪʳʨʝʤ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤ ʛʨʫʧʧʘʤ (ʦʜʥʘ 

ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ ʤʦʩʪʠʢʦʚʦʡ ʤʝʞʜʫ ʪʨʝʭʲʷʜʝʨʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʠ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ 

ʵʪʦʡ ʛʨʫʧʧʳ ʨʘʩʧʦʣʦʞʝʥ ʚ ʘʢʩʠʘʣʴʥʦʡ ʧʦʟʠʮʠʠ) ʠ ʤʦʣʝʢʫʣʝ ʚʦʜʳ. ʉʚʷʟʳʚʘʥʠʝ 

ʪʨʝʭʲʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ {Cu2Eu} ʚ 1D ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʘʪʦʤ 

ʢʠʩʣʦʨʦʜʘ ʤʦʩʪʠʢʦʚʦʡ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ʩʦʩʝʜʥʝʛʦʬʨʘʛʤʝʥʪʘ (ʮʝʥʪʨ ʠʥʚʝʨʩʠʠ 

ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʠʦʥʘʤʠ Cu1 ʠ Cu1A, ʠ Cu2 ʠ Cu2A (Fig. x+2,b)). ʉʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ 

ʵʪʘʥʦʣʘ ʦʙʨʘʟʫʶʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʭʝʣʘʪʥʦ ʩʚʷʟʘʥʥʦʡ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ (O2éO2S2.851 ¡, OéH2.06 ¡, O-H-O 158.0o) ʠ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ (O2wéO2S2.928 ¡, OéH2.19 ¡, O-H-O 149.7o).
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ʈʠʩʫʥʦʢ 33. ʌʨʘʛʤʝʥʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 113. 

ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ, ʤʦʣʝʢʫʣʳ ʩʦʣʴʚʘʪʦʚ ʠ ʤʝʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ 

ʛʨʫʧʧʘʭ ʧʠʚʘʣʘʪ-ʘʥʠʦʥʦʚ ʥʝ ʧʨʠʚʝʜʝʥʳ.

ʂʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʢʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 113, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʩʣʦʝʤ ʤʘʪʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ,ʧʦʜʚʝʨʞʝʥʳ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ (ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʙʣʶʜʘʣʘʩʴ ʧʦʪʝʨʷ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʠ ʧʝʨʝʭʦʜ ʩʠʥʠʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʛʦʣʫʙʦʡ ʧʦʨʦʰʦʢ) ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʢʦʥʪʘʢʪʝ ʨʘʩʪʚʦʨʘ ʩ ʚʦʟʜʫʭʦʤ. ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʤʧʣʝʢʩʘ ʩ CO2 ʚʦʟʜʫʭʘ ʠ ʛʝʥʝʨʘʮʠʝʡ ʢʘʨʙʦʥʘʪ-ʘʥʠʦʥʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʧʦʣʠʤʝʨʘ 113. ɺʳʜʝʣʠʪʴ ʢʨʠʩʪʘʣʣʳ ʧʨʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʨʦʰʢʘ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ. ʄʳ ʩʤʦʜʝʣʠʨʦʚʘʣʠ ʪʘʢʦʡ ʧʨʦʮʝʩʩ 

ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʝʡ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʘʥʦʣ, ʠʦʥʘ 

ʣʘʥʪʘʥʠʜʘ ïʛʘʜʦʣʠʥʠʡ, ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ ïCu : Gd : NaOH = 1 : 1 : 2.78. ʇʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʚʳʜʝʨʞʠʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʘ ʚʦʟʜʫʭʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʳ 

ʢʦʤʧʣʝʢʩʘ [Cu12Gd6(piv)10(OH)28(H2O)14]
4+Ŀ(ʉO3

2-)(piv-)(Otf-)(Hpiv)ȚxH2OȚyEtOH(114, 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʩʧʠʨʪʘ ʠʟ ʜʘʥʥʳʭ ʈʉɸ ʫʪʦʯʥʠʪʴ ʥʝ ʫʜʘʣʦʩʴ ʚʩʣʝʜʩʪʚʠʝ ʠʭ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ). ɺʳʭʦʜ ʩʦʩʪʘʚʠʣ 3%. 

ʉʦʝʜʠʥʝʥʠʝ 114ʠʤʝʝʪ ʤʝʪʘʣʣʦʦʩʪʦʚ, ʩʭʦʞʠʡ ʩ ʤʝʪʘʣʣʦʦʩʪʦʚʦʤ ʩʦʝʜʠʥʝʥʠʡ74-80

[26, 29, 37, 60, 128, 129], ʫʧʦʤʷʥʫʪʳʭ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ. ʄʝʪʘʣʣʦʦʩʪʦʚ 114ʠʤʝʝʪ 

ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʫʶ Oh ʩʠʤʤʝʪʨʠʶ, ʚ ʢʦʪʦʨʦʡ ʰʝʩʪʴ ʘʪʦʤʦʚ Gd(III) ʥʘʭʦʜʷʪʩʷ ʚ ʚʝʨʰʠʥʘʭ 

ʧʨʘʚʠʣʴʥʦʛʦ ʦʢʪʘʵʜʨʘ, ʘ ʜʚʝʥʘʜʮʘʪʴ ʘʪʦʤʦʚ Cu(II) ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʝ ʢʘʞʜʦʛʦ ʠʟ 12 

ʨʝʙʝʨ ʦʢʪʘʵʜʨʘ (ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 338). ʇʦʣʠʵʜʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ 12 ʘʪʦʤʘʤʠ ʤʝʜʠ, 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʢʘʢ ʢʫʙʠʯʝʩʪʢʠʡ ʪʝʪʨʘʜʝʢʘʵʜʨ, ʩʦʜʝʨʞʘʱʠʡ ʚʦʩʝʤʴ ʪʨʝʫʛʦʣʴʥʳʭ ʠ 

ʝhʩʪʴ ʧʣʦʩʢʦʢʚʘʜʨʘʪʥʳʭ ʛʨʘʥʝʡ, ʟʘʢʨʳʪʳʡ ʩʦ ʩʪʦʨʦʥ ʰʝʩʪʠ ʢʚʘʜʨʘʪʥʳʭ ʛʨʘʥʝʡ ʰʝʩʪʴʶ 

ʘʪʦʤʘʤʠ Gd(III), ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ ʢʫʙʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʤʝʪʘʣʣʦʦʩʪʦʚ. Cu12Cd6

ʤʝʪʘʣʣʦʢʘʨʩʢʘʩ ʩʢʨʝʧʣʝʥ 24 ʤʦʩʪʠʢʦʚʳʤʠɛ3-OH ʛʨʫʧʧʘʤʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩ 

ʦʜʥʠʤ Gd (Gd-O 2.421(5)-2.534(5) ¡) ʠ ʜʚʫʤʷ Cu (Cu-O 1.945(5)-1.989(5) ¡), ʧʨʠ ʵʪʦʤ 

ʢʘʞʜʳʡ Gd(ɛ3-OH)4 ʬʨʘʛʤʝʥʪ ʠʤʝʝʪ ʬʦʨʤʫ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ ʩ ʘʪʦʤʘʤʠ O ʚ ʝʝ 

ʦʩʥʦʚʘʥʠʠ, ʘ ʚ ʬʨʘʛʤʝʥʪʝ Cu(ɛ3-OH)4 ʘʪʦʤʳ O ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʰʠʥʘʭ ʢʚʘʜʨʘʪʘ, 

ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʦʤ ʤʝʜʠ. ʄʝʪʘʣʣʦʢʘʨʢʘʩ ʦʢʨʫʞʘʶʪ ʜʝʩʷʪʴ ʧʠʚʘʣʘʪʥʳʭ ʛʨʫʧʧ ʠ ʩʝʤʴ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʧʨʠʥʘʜʣʝʞʘʱʠʭ OH-ʛʨʫʧʧʘʤʠ ʠʣʠ ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ. ʏʝʪʳʨʝ ʠʟ ʜʝʩʷʪʠ 

ʧʠʚʘʣʘʪʥʳʭ ʛʨʫʧʧ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʤʦʩʪʘ ɛ2-O,Oǋʤʝʞʜʫ ʘʪʦʤʘʤʠ Gd (Gd-O 2.372(5)-

2.379(6)¡) ʠ Cu (Cu-O 2.251(6)-2.339(7)¡), ʦʩʪʘʣʴʥʳʝ ʰʝʩʪʴ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʭʝʣʘʪʥʦ, ʧʦ 

ʦʜʥʦʡ ʥʘ ʢʘʞʜʦʤ ʘʪʦʤʝ ʛʘʜʦʣʠʥʠʷ (Gd-O 2.419(5)ï2.551(5)¡). ɸʪʦʤʳ ʛʘʜʦʣʠʥʠʷ ʤʦʞʥʦ 
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ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʥʦ ʜʣʷ ʚʩʝʭ ʥʠʭ ʂʏ = 9. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʦʚ ʛʘʜʦʣʠʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ Gd6-ʦʢʪʘʵʜʨʘ, ʜʦʩʪʨʘʠʚʘʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʝʡ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʯʝʪʳʨʝʭ 

ʤʦʩʪʠʢʦʚʳʭ OH-ʛʨʫʧʧ, ʜʚʫʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʭʝʣʘʪʥʦʡ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ʠ ʪʨʝʭ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʠ/ʠʣʠ ʤʦʥʦʜʝʥʪʘʪʥʳʭ OH-ʛʨʫʧʧ). ɺʦʩʝʤʴ ʠʟ ʜʚʝʥʘʜʮʘʪʠ 

ʘʪʦʤʦʚ ʤʝʜʠ, ʧʦʤʠʤʦ ʯʝʪʳʨʝʭ ɛ3-OH ʚ ʦʩʥʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʦʦʨʜʠʥʠʨʫʶʪ ʚ ʘʧʠʢʘʣʴʥʦʡ 

ʧʦʟʠʮʠʠ ʘʪʦʤ O ʣʠʙʦ ʦʪ ʤʦʩʪʠʢʦʚʦʛʦ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ (4 ʘʪʦʤʘ ʤʝʜʠ, Cu-O 2.251(6)-

2.339(7)), ʣʠʙʦ ʦʪ ʪʝʨʤʠʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠʣʠ ʤʦʥʦʜʝʥʪʘʪʥʦʡ OH-ʛʨʫʧʧʳ (4 ʘʪʦʤʘ 

ʤʝʜʠ, Cu-O 2.425(5)ï2.589(5)), ʜʦʩʪʨʘʠʚʘʶʱʠʡ ʠʭ ʦʢʨʫʞʝʥʠʝ ʜʦ ʢʚʘʜʨʘʪʥʦʡ ʧʠʨʘʤʠʜʳ. ɺ 

ʢʦʤʧʣʝʢʩʝ 114ʢʘʞʜʳʝ ʜʚʘ ʩʦʩʝʜʥʠʭ ʘʪʦʤʘ ʤʝʜʠ ʩʚʷʟʘʥʳ ʦʜʥʠʤ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʤʦʩʪʠʢʦʤ 

ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʝʩʚʷʟʳʚʘʶʱʝʤ ʨʘʩʩʪʦʷʥʠʠ CuéCu 3.176(2)-3.495(2) ¡. ʂʘʞʜʳʡ ʘʪʦʤ Gd

ʩʚʷʟʘʥ ʩ ʯʝʪʳʨʴʤʷ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ Cu ʯʝʨʝʟ ʯʝʪʳʨʝ ɛ3-OH ʛʨʫʧʧʳ, ʤʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ CuéGdʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 3.434(2)-3.553(2) ¡. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʘʞʜʦʡ ʧʘʨʦʡ 

ʘʪʦʤʦʚ Gd, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʝʨʰʠʥʘʭ ʦʢʪʘʵʜʨʘ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 6.928(2)-7.028(2) ¡. 

ɺ ʮʝʥʪʨʝ ʤʝʪʘʣʣʦʢʘʨʢʘʩʘ {Cu12Gd6} ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʦ ʜʚʫʤ 

ʧʦʟʠʮʠʷʤ ʜʠʘʥʠʦʥ CO3
2ï, ʢʦʪʦʨʳʡ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʘʪʦʤʦʚ Cu4x ʠ Gd3x ʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʙʣʠʟʣʝʞʘʱʠʤʠ ʘʪʦʤʘʤʠ ʤʝʜʠ. ʈʘʩʩʪʦʷʥʠʷ CuéO ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 

2.236(4)-2.498(10) ¡. ʅʘʙʣʶʜʘʝʤʦʝ ʚʩʪʨʘʠʚʘʥʠʝ CO3
2- ʜʠʘʥʠʦʥʘ ʚ ʧʦʣʦʩʪʴ ʤʝʪʘʣʣʦʦʩʪʦʚʘ 

Cu12Gd6-ʤʦʣʝʢʫʣʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʩ ʘʪʦʤʘʤʠ Cuʧʦʜʦʙʥʦ ʪʦʤʫ, 

ʯʪʦ ʨʘʥʝʝ ʥʘʙʣʶʜʘʣʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ 74-80 [26, 29, 37, 60, 128, 129], ʚ ʢʦʪʦʨʳʭ ʧʦʣʦʩʪʴ 

ʘʥʘʣʦʛʠʯʥʦʛʦ Cu12Ln6-ʤʝʪʘʣʣʦʩʪʦʚʘ ʟʘʥʠʤʘʣʠ ʘʥʠʦʥʳ ClO4
-ʠʣʠ NO3

-. 
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ʈʠʩʫʥʦʢ 34. ʘ ïʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 114(ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ, 

ʤʝʪʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧʘʭ ʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʥʝʧʦʢʘʟʘʥʳ). 

ʙïʄʝʪʘʣʣʦʩʪʦʚ ʩʦʝʜʠʥʝʥʠʷ114(ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ). ʚ ïʂʦʦʨʜʠʥʘʮʠʷ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʤʦʣʝʢʫʣʳ ʉʆ3
2-.

3.3.8. ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ{Cu36Gd24}, [Cu2(fur) 4(MeCN)2]Ŀ2MeCNʠ 

[Cu2(naphac)4(MeCN)2]Ŀ2MeCN

ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʝ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ Cu-

Lnʢʦʤʧʣʝʢʩʦʚ ʤʳ ʠʟʫʯʠʣʠ ʥʘ ʧʨʠʤʝʨʝ 2-ʬʫʨʘʥʢʘʨʙʦʥʦʚʦʡ, 1-ʥʘʬʪʠʣʫʢʩʫʩʥʦʡ ʠ ʙʝʥʟʦʡʥʦʡ 
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ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. ɺʳʰʝ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ 107ĿLn ʠ 108ĿLn ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʠʭ ʩʠʥʪʝʟʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʙʨʘʟʫʶʪʩʷ ʥʠʪʨʘʪʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʯʠʩʪʢʘ ʦʪ ʥʠʪʨʘʪʥʳʭ 

ʧʨʠʤʝʩʝʡ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʏʪʦʙʳʩʥʠʟʠʪʴʢʦʣʠʯʝʩʪʚʦ

ʚʳʜʝʣʷʝʤʦʛʦNaNO3 ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʥʪʝʟʝ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ 

ʥʠʪʨʘʪʦʚ ʤʝʪʘʣʣʦʚ, ʤʝʜʠ ʠ ʣʘʥʪʘʥʠʜʘ, ʩ ʱʝʣʦʯʴʶ (ʚʤʝʩʪʦ ʱʝʣʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʦʚ 

ʤʝʪʘʣʣʦʚ). ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ Cu(NO3)2Ț3H2Oʠ Gd(NO3)3Ț6H2Oʩ NaOH(Cu : Gd : NaOH

= 1 : 1 : 4.3) ʚ ʩʨʝʜʝ MeCN/EtOH (1 : 2) ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ. ʄʳ 

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦʪ ʦʩʘʜʦʢ ʷʚʣʷʝʪʩʷ ʩʤʝʩʴʶ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ OH-

ʠ NO3-ʛʨʫʧʧʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʡ ʪʘʢʦʡ ʩʤʝʩʠ ʩ 2-ʬʫʨʘʥʢʘʨʙʦʥʦʚʦʡ, 1-ʥʘʬʪʠʣʫʢʩʫʩʥʦʡ 

ʠ ʙʝʥʟʦʡʥʦʡ ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ (Cu : Gd : NaOH : RCOOH= 1 : 1 : 4.3 : 2.35) ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʙʠʷʜʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [Cu2(fur)4(MeCN)2]Ŀ2MeCN (115, ʩ ʚʳʭʦʜʦʤ 11%) ʠ 

[Cu2(naphac)4(MeCN)2]Ŀ2MeCN (116, ʩ ʚʳʭʦʜʦʤ 24%), ʠ ʧʦʣʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[Cu36Gd24(ɛ-OH)12(ɛ3-OH)60(PhCO2)60(NO3)6(MeCN)2(H2O)10]Ŀ6(NO3
-)Ŀ7MeCN (117, ʩ 

ʚʳʭʦʜʦʤ 18%), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.

ʉʦʝʜʠʥʝʥʠʝ 115ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʘ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʘʮʝʪʦʥʠʪʨʠʣʘ 

ʠ ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ ʪʠʧʘ çʢʠʪʘʡʩʢʠʡ ʬʦʥʘʨʠʢè, ʪʠʧʠʯʥʦʝ ʜʣʷ ʪʝʪʨʘʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II) (ʨʠʩ. 35ʘ). ɸʪʦʤʳ ʤʝʜʠ ʩʚʷʟʘʥʳʯʝʪʳʨʴʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʘʥʠʦʥʘʤʠ 2-

ʬʫʨʘʥʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (Cu-Cu 2.637(2) ¡). ʀʩʢʘʞʝʥʥʦʝ ʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʘʪʦʤʦʚ ʤʝʜʠ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ O ʯʝʪʳʨʝʭ ʤʦʩʪʠʢʦʚʳʭ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ (Cu-O 1.948(5)-1.955(5) ¡) ʠ ʦʜʥʦʛʦ ʘʧʠʢʘʣʴʥʦʛʦ ʘʪʦʤʘ N ʦʪ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ (Cu-N 2.201(6) ¡).

ʉʦʝʜʠʥʝʥʠʝ 116ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ P-1 ʚ ʚʠʜʝ 

ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʜʚʫʤʷ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʨʠʩ. 35ʙ). 

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 116 ʘʥʘʣʦʛʠʯʥʘʷ ʢʦʤʧʣʝʢʩʫ 115: ʘʪʦʤʳ ʤʝʜʠ ʩʚʷʟʘʥʳ ʯʝʪʳʨʝʤʷ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʤʦʩʪʠʢʘʤʠ (Cu-O 1.964(2)-1.980(2) ¡; Cu..Cu2.6409(3)¡) ʠ ʜʦʩʪʨʘʠʚʘʶʪ 

ʩʚʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʜʦ CuO4N ʢʦʦʨʜʠʥʘʮʠʝʡ ʘʪʦʤʘ N ʤʦʣʝʢʫʣʳ 

ʘʮʝʪʦʥʠʪʨʠʣʘ (Cu-N 2.207(2) ¡). ʉʦʩʝʜʥʠʝ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʘ 116ʚ ʢʨʠʩʪʘʣʣʝ ʧʦʧʘʨʥʦ 

ʩʚʷʟʘʥʳ ˊ-ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʬʝʥʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʛʨʫʧʧʘʭ (ʥʘʠʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ C...C 3.283), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʫʧʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʦʯʝʢ.
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ʈʠʩʫʥʦʢ 35. ʄʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʦʚ 115 (ʘ) ʠ 116 (ʙ). ʉʦʣʴʚʘʪʥʳʝ 

ʤʦʣʝʢʫʣʳ (ʘ) ʠ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ.

ʄʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 117 ʘʥʘʣʦʛʠʯʥʦ ʩʪʨʦʝʥʠʶ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ 81[76]: ʮʠʢʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 36ʘ)ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʬʨʘʛʤʝʥʪʦʚ 

{ Dy4(OH)4} ʠ {Cu6(OH)8(NO3)}, ʩʚʷʟʘʥʥʳʭ OH- ʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ 

ʛʨʫʧʧʘʤʠ. ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ ʦʪ ʠʟʚʝʩʪʥʦʡ 81ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ. 117ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ Pbca, 81- P-

1. ʇʨʠ ʵʪʦʤ ʤʝʪʘʣʣʦʮʠʢʣʳ ʚ 81ʨʘʩʧʦʣʦʞʝʥʳ ʢʦʤʧʣʘʥʘʨʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʘ ʚ 117

ʤʝʪʘʣʣʦʮʠʢʣʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʢʨʠʩʪʘʣʣʝ ʧʦʜ ʫʛʣʦʤ ʦʢʦʣʦ 80ʦ(ʨʠʩ. 36ʙ,ʚ).

ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʬʨʘʛʤʝʥʪʦʚ ʚ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚʳʩʪʫʧʘʶʪ 

ʙʠʷʜʝʨʥʳʝ CuLn(O2CR)3/4ʠ ʪʨʝʭʲʷʜʝʨʥʳʝ Cu2Ln(O2CR)6/8, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʙʦʣʴʰʝʡ ʷʜʝʨʥʦʩʪʠ ʠ ʧʦʣʠʤʝʨʦʚ. ʅʘʨʘʱʠʚʘʥʠʝ ʤʝʪʘʣʣʦʦʩʪʦʚʘ 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ Cu-Ln ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩɹʷ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ OH-ʛʨʫʧʧ, ʢʦʤʧʘʢʪʥʳʭ ʠ 

ʩʧʦʩʦʙʥʳʭ ʩʚʷʟʳʚʘʪʴ ʚ ʤʘʣʦʤ ʦʙʲʝʤʝ ʜʦ 3 ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ. 

çʅʘʩʪʨʦʡʢʘè ʛʝʦʤʝʪʨʠʠ ʤʝʪʘʣʣʦʦʩʪʦʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʦʙʫʶ ʤʥʦʛʦʧʘʨʘʤʝʪʨʦʚʫʶ 

ʟʘʜʘʯʫ, ʚʢʣʶʯʘʶʱʫʶ ʚʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʠʩʪʦʯʥʠʢʘ OH-ʛʨʫʧʧ,

ʧʨʠʩʫʪʩʪʚʠʷ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ, ʩʦʦʪʥʦʰʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ Cu : Ln (ʩʭʝʤʘ 6).ɹr ʣʦ 

ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʩʫʪʩʪʚʠʷ NO3-ʛʨʫʧʧ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʝʛʦ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʣʠʛʘʥʜʘ ʠʣʠ ʪʝʤʧʣʘʪʘ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ 18-ʷʜʝʨʥʳʭ Cu-Ln ʢʦʤʧʣʝʢʩʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ. ʅʘ ʧʨʠʤʝʨʝ 

ʧʠʚʘʣʠʥʦʚʦʡ, ʙʝʥʟʦʡʥʦʡ ʠ 1-ʥʘʬʪʦʡʥʦʡ ʢʠʩʣʦʪ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ 

ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʝ ʥʘ ʩʪʨʦʝʥʠʝ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʦʣʠʷʜʝʨʥʳʭ Cu-Ln ʩʦʝʜʠʥʝʥʠʡ.
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ʘ

ʙ ʚ

ʈʠʩʫʥʦʢ 36. ʘ- ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ 117(ʘ), ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʠ ʩʦʣʴʚʘʪʥʳʝ ʤʦʣʝʢʫʣʳ ʥʝ ʧʨʠʚʝʜʝʥʳ. ʙ,ʚ -ʌʨʘʛʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ 

ʩʦʝʜʠʥʝʥʠʡ 117(ʙ) ʠ 81(ʚ), ʧʦʢʘʟʘʥʳ ʪʦʣʴʢʦ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ.
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ʉʭʝʤʘ 6.ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ 107-117.

3.4. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʦʚ d10 ʤʝʪʘʣʣʦʚ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ ʦʙʣʘʜʘʝʪ ʠʥʪʝʨʝʩʥʳʤʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʠʛʘʥʜ-

ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʦʚ, ʢʦʤʧʦʥʝʥʪʦʚ OLED

ʠʣʠ LED [47, 49, 54, 134]. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ 

ʧʨʠʨʦʜʳ ʣʠʛʘʥʜʘ[73, 84, 101], ʪʘʢ ʠ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ, ʥʘʣʠʯʠʷ ʩʦʣʴʚʘʪʥʳʭ 

ʤʦʣʝʢʫʣ ʠ ʜʨ.[3, 4]. ɺ ʢʨʠʩʪʘʣʣʘʭ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʫʧʘʢʦʚʘʥʳ ʠʟʦʣʠʨʦʚʘʥʥʦ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʥʪʘʢʪʦʚ[114] (ʥʘʧʨʠʤʝʨ, H-ʩʚʷʟʠ[80], ʩʪʝʢʠʥʛ[30] ʠʣʠ ʛʘʣʦʛʝʥ-ʛʘʣʦʛʝʥʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ[2, 104]), ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʨʠʩʪʘʣʣʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʠʟʫʯʝʥʠʝ ʨʦʣʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʦʨʜʠʥʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʣʠʛʘʥʜʦʚ (ʩʪʝʨʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʚʥʫʪʨʠ- ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ), ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʘʨʴʠʨʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʣʝʢʩʦʚ d10 ʤʝʪʘʣʣʦʚ ʩ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ (ʥʘʧʨʠʤʝʨ, ʩʜʚʠʛʠ ʚ ʩʠʥʶʶ 

ʠʣʠ ʢʨʘʩʥʫʶ ʦʙʣʘʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ). ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʝʟʥʘ ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ d-4f ʤʝʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ d10-ʙʣʦʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʢʦʤʧʣʝʢʩʦʚ ʚʘʞʥʦ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʵʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʠʟʘʡʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 

Ln(NO3)3 + Cu2(piv4)(Hpiv)2
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Ln(OTf)3 + Cu2(piv4)(Hpiv)2
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ʥʘʩʪʨʘʠʚʘʝʤʳʤʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ[57, 85], ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ [53, 71], 

ʤʘʛʥʠʪʥʳʤʠ ʠ ʜʨʫʛʠʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʝʟʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ[99].

ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʫʜʦʙʥʳʤ 

ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʦʛʦ ʨʦʜʘ, ʧʦʩʢʦʣʴʢʫ ʘʥʠʦʥʳ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʠʤʝʶʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʚʷʟʳʚʘʥʠʷ ʩ ʠʦʥʦʤ ʤʝʪʘʣʣʘ, ʚʢʣʶʯʘʷ ʧʨʠʤʝʨʳ, ʚ ʢʦʪʦʨʳʭ 

ʤʝʪʘʣʣʦʮʝʥʪʨʳ ʦʢʘʟʳʚʘʶʪʩʷ ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʦʨʜʠʥʘʮʠʠ ʜʨʫʛʠʭ N- ʠ/ʠʣʠ O-

ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ. ʊʘʢ ʞʝ ʢʘʨʙʦʢʩʠʣʘʪʥʘʷ ʛʨʫʧʧʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʧʦʩʦʙʥʘ 

ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʤʦʩʪʠʢʦʚʦʛʦ ʣʠʛʘʥʜʘ, ʩʚʷʟʳʚʘʷ ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ ʤʝʪʘʣʣʦʮʝʥʪʨʦʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʣʠʷʜʝʨʥʳʭ ʠʣʠ ʧʦʣʠʤʝʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʪʦʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʣʠʛʘʥʜʳ 

(ʦʩʦʙʝʥʥʦ ʩʦʜʝʨʞʘʱʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʟʘʤʝʩʪʠʪʝʣʠ) ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʥʪʝʥʥʳ ʜʣʷ ʫʩʠʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ ʚ d-4f ʢʦʤʧʣʝʢʩʘʭ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʩ bpy, phen, neocup, bathocup, batho, 

terpy, { Cd2Ln} ʧʠʚʘʣʘʪʥʳʭ 1D ʧʦʣʠʤʝʨʦʚ, ʘ ʪʘʢʞʝʛʦʤʦ- ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʠʜʦʚ ʩ ʘʥʠʦʥʦʤ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ.

3.4.1. ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ Zn ʠ Cd ʩ ʭʝʣʘʪʠʨʫʶʱʠʤʠ 

ʣʠʛʘʥʜʘʤʠ

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ-ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʨʘʩʪʚʦʨʦʚ (MeCN, C = 

5Ā10-5 M) ʠʩʩʣʝʜʫʝʤʳʭ ʣʠʛʘʥʜʦʚ (bpy, phen, neocup, bathocup, batho, terpy) ʠ ʧʦʣʫʯʝʥʥʳʭ 

ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ ʠ ʢʘʜʤʠʷ ʩ ʥʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. ʇ8-ʇ13 (ʩʤ. ʧʨʠʣʦʞʝʥʠʝ). ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ N-ʜʦʥʦʨʥʳʭ 

ʣʠʛʘʥʜʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʥʘʙʣʶʜʘʶʪʩʷ 

ʙʘʪʦʭʨʦʤʥʳʝ ʩʜʚʠʛʠ, ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II). ʉʜʚʠʛʠ ʦʩʥʦʚʥʦʡ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʤʦʣʝʢʫʣʳ bpy(ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʨʠ 268 ʥʤ) ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ 

ʨʘʚʥʳ 5 ʠ 6 ʥʤ ʜʣʷ 85ʠ 84,ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. ʇ8). ʉʜʚʠʛʠ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʤʦʣʝʢʫʣʳ phen(ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʨʠ 263 ʥʤ) ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʨʘʚʥʳ 1, 7 ʠ 8 ʥʤ 

ʜʣʷ 87, 86ʠ 96, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. ʇ9). ʅʘʠʙʦʣʴʰʠʝ ʚʝʣʠʯʠʥʳ ʩʜʚʠʛʦʚ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ʣʠʛʘʥʜʦʚ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʜʣʷ neocup(268 ʥʤ), bathocup(277 ʥʤ), ʠ 

batho(272 ʥʤ): 6 ʠ 5 ʥʤ ʜʣʷ 88ʠ 89, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. ʇ10), 10 ʥʤ ʜʣʷ 91ʠ 90(ʨʠʩ. ʇ11), 

ʠ 5 ʥʤ ʜʣʷ 93ʠ 10 ʥʤ ʜʣʷ 92ʠ 97, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. ʇ12). ɼʣʷ terpy ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ 

ʠʟʤʝʥʝʥʠʷ: ʥʝʙʦʣʴʰʦʡ ʩʜʚʠʛ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ʧʨʠ 312 ʥʤ (315 ʥʤ ʜʣʷ 

94 ʠ 95), ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ ʧʨʠ 326 ʠ 327 ʥʤ ʜʣʷ 95 ʠ 94, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. ʇ13). 
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ɺ ʨʘʙʦʪʝ [87] ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ (ʈʉɸ) ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ (1H ʠ 13C ʗʄʈ) ʜʘʥʥʳʭ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ84-95ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʅʘʙʣʶʜʘʝʤʳʝ ʩʜʚʠʛʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʩʦʮʠʘʮʠʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ84-95 ʚ ʨʘʩʪʚʦʨʘʭ. ʅʘʣʠʯʠʝ ʰʠʨʦʢʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʩʧʝʢʪʨʘʭ ʩʚʦʙʦʜʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ḯ́ᶻʠ nḯᶻʧʝʨʝʭʦʜʘʤʠ ʚ 

ʣʠʛʘʥʜʘʭ.

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʪʚʝʨʜʳʝ ʦʙʨʘʟʮʳ, ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ) 

ʣʠʛʘʥʜʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʚʦʟʙʫʞʜʝʥʠʷ ʣʠʛʘʥʜʦʚ 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʙʣʠʟʢʠ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʦʚʧʘʜʘʶʪ (ʩʤ. ʨʘʟʜʝʣ 

ʧʨʠʣʦʞʝʥʠʷ, ʨʠʩ. ʇ14-ʇ16, ʘ ʪʘʢʞʝ ʨʠʩ. 37ʠ 38). ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʣʠʛʘʥʜʘ ʠʦʥʘʤʠ 

ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʧʦʣʦʩ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ 

ʩʠʥʶʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ: 88 (387 ʠ 421 nm, ɚex = 375 nm) ʠ 89(397 ʠ 416 nm, ɚex = 378 nm, 

ʨʠʩ. ʇ14), 92(372 ʠ 390 nm, ɚex = 340 nm) ʠ 93(379 ʠ 393 nm, ɚex = 340 nm) ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʣʠʛʘʥʜʘʤʠ neocup(405 ʠ 423 nm, ɚex = 340 nm) ʠbatho(386 ʠ 404 nm, ɚex = 300 nm, ʨʠʩ. 37), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.

ʈʠʩʫʥʦʢ 37. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ʜʣʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ batho,

[Zn(piv)2(batho)] (92) ʠ[Cd2(piv)4(batho)2] (93) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.

ɿʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ bpy,

bathocupʠterpy, ʚʳʨʘʞʝʥʳ ʧʦʷʚʣʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 337 ʥʤ 

ʜʣʷ 84 (ɚex= 270) ʠ 330 ʥʤ ʜʣʷ 85 (ɚex= 270), ʜʣʷ bpyʧʦʣʦʩʘ ʧʨʠ 337 ʥʤ ʤʘʣʦʠʥʪʝʥʩʠʚʥʘʷ 

(ɚex = 270, ʨʠʩ. 38), ʧʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʠ 387, 410 

ʠ 423 ʥʤ. ɼʣʷʢʦʤʧʣʝʢʩʦʚ ʩ bathocupʥʘʙʣʶʜʘʶʪʩʷ ʩʠʣʴʥʳʝ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 

405 ʥʤ ʜʣʷ 90(ɚex= 290) ʠ 403 ʥʤ ʜʣʷ 91(ɚex= 290), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ bathocupʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
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ʤʘʣʦʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʦʡ ʧʨʠ 405 ʥʤ (ɚex = 300, ʨʠʩ. ʇ15) ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʦʡ ʧʨʠ 420 

ʥʤ. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ Terpyʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʧʨʠ 374 ʥʤ ʜʣʷ 94(ɚex = 315 

ʥʤ) ʠ 365 ʠ 375 ʥʤ ʜʣʷ 95 (ɚex = 300 ʥʤ, ʨʠʩ. ʇ16), ʧʨʠ ʵʪʦʤ ʜʣʷ Terpy ʥʘʙʣʶʜʘʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʧʨʠ 456, 490 ʠ 530 ʥʤ ʠ ʧʦʣʦʩʘ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ 391 

ʥʤ.

ʈʠʩʫʥʦʢ 38. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ʜʣʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ bpy,

[Zn(piv)2(bpy)] (84)ʠ[Cd2(piv)4(bpy)2] (85)ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Zn ʠ Cd ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʨʦʜʦʡ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ. 

3.4.2. ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [LnCd 2(Piv)7(H2O)2]nĿMeCN

(Ln = Eu, Tb)

ɼʣʷ 105ĿLn (Ln = Eu, Tb) ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʚʸʨʜʳʭ 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʚ ʢʨʘʩʥʦʡ ʠ ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʧʨʠ ʧʨʷʤʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʠʦʥʘ 

ʣʘʥʪʘʥʦʠʜʘ(III). ʅʘʣʠʯʠʝ ʪʦʣʴʢʦ ʫʟʢʠʭ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʘʭ ʚʦʟʙʫʞʜʝʥʠʷ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʭʦʜʘʤʠ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʩʦʩʪʦʷʥʠʷ ʩ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ, ʛʦʚʦʨʠʪ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ Ln3+ ʣʠʛʘʥʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʦʛʣʦʱʝʥʠʶ ʚʦʟʙʫʞʜʘʶʱʝʡ ʵʥʝʨʛʠʠ ʠ ʝʸ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʜʘʯʝ ʢ ʠʦʥʫ 

ʣʘʥʪʘʥʦʠʜʘ(III). ʕʪʦʪ ʚʳʚʦʜ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ.

ʉʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ(III ) 105ĿEu ʩʦʜʝʨʞʠʪ ʫʟʢʠʝ ʧʦʣʦʩʳ ʥʘ 

ʜʣʠʥʘʭ ʚʦʣʥ 579, 590, 616, 651 ʠ 700 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʭʦʜʘʤ 5D0-
7FJ

(J=0-4) ʠʦʥʘ ʝʚʨʦʧʠʷ(III). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʦʪʥʦʩʠʪʩʷ ʢ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʤʫ 

ʧʝʨʝʭʦʜʫ 5D0-
7F2 ʠ ʩʦʩʪʘʚʣʷʝʪ 71% ʚʩʝʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘ. ʆʪʥʦʰʝʥʠʝ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʝʨʝʭʦʜʘ 5D0-
7F2 ʠ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 

5D0-
7F1 
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ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 4.8, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʠʤʤʝʪʨʠʠ 

ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ ʝʚʨʦʧʠʷ(III ), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤ ʈʉɸ. 

ʉʧʝʢʪʨ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ(III ) 105ĿTb ʩʦʜʝʨʞʠʪ ʧʦʣʦʩʳ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 486, 

542, 585 ʠ 620 ʥʤ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʭʦʜʘʤʠ 5D4-
7FJ (J=6-3) ʠʦʥʘ ʪʝʨʙʠʷ(III) ʠ ʩʣʘʙʫʶ ʧʦʣʦʩʫ 

5D4-
7F2 ʧʝʨʝʭʦʜʘ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

5D4-
7F5 ʧʝʨʝʭʦʜʫ ʠ ʩʦʜʝʨʞʠʪ 

62% ʦʙʱʝʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʧʝʢʪʨʘ ʢʦʤʧʣʝʢʩʘ. 

ɺʨʝʤʷʞʠʟʥʠ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʦʥʘ ʪʝʨʙʠʷ(III) ʪʘʢʞʝ ʦʯʝʥʴ ʚʝʣʠʢʦ, ʯʪʦ, ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʝʚʨʦʧʠʷ(III ) (ʪʘʙʣʠʮʘ15), ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʤʘʣʳʤ 

ʚʦʟʤʫʱʝʥʠʝʤ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ ʠʦʥʘ.

ʊʘʙʣʠʮʘ 15. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʣʝʢʩʦʚ 105ĿEuʠ 105ĿTb: ʚʨʝʤʷ ʞʠʟʥʠ 

(Ű), ʠʟʣʫʯʘʪʝʣʴʥʘʷ (Arad) ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʘʷ (Anrad) ʩʢʦʨʦʩʪʠ ʨʝʣʘʢʩʘʮʠʠ, ʚʥʫʪʨʝʥʥʠʡ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ(ὗ ). 

ʂʦʤʧʣʝʢʩŰ, ɛs Arad, s-1 Anrad, s-1
1 , %

105ĿEu 1600 349 276 56

105ĿTb 2100 - - -

ʘ ʙ

ʈʠʩʫʥʦʢ 39.ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ʧʨʠ ʊ = 300 ʂ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 105ĿEu

(ʘ) ʠ 105ĿTb (ʙ).

3.4.3. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ Ln(4-phbz)3]n ʠ [Zn 2Ln(4-

phbz)6(NO3)(L)2]ĿxSolv (L = py, 2,3-lut , bpy; Ln = Eu, Gd, Tb, Dy, Ho)

ɼʣʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ 106ĿLn (Ln = Eu, Gd, Tb, Dy, Ho), 99ĿLn (Ln = Eu, Gd, Tb) ʠ 

102ĿLn (Ln = Eu, Gd, Tb) ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʧʝʢʪʨʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ. 
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ʕʥʝʨʛʠʠ ʪʨʠʧʣʝʥʪʥʳʭ ʫʨʦʚʥʝʡ (ET) ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ, 4-ʬʝʥʠʣʙʝʥʟʦʘʪ 

ʘʥʠʦʥʘ, ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ 106ĿGd ʠ d-ʙʣʦʢʦʚ {Zn(4-phbz)3Py} ʠ {Zn(4-phbz)3bpy} ʚ 

ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʦʚ 99ĿLn ʠ 102ĿLn ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʩʧʝʢʪʨʦʚ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ 

ʦʙʨʘʟʮʦʚ106ĿGd, 99ĿGdʠ 102ĿGd (ʨʠʩ. 344). ETʜʣʷ 4-ʬʝʥʠʣʙʝʥʟʦʘʪ ʘʥʠʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

22500 ʩʤï1, ʘ ET d-ʙʣʦʢʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʘʪʦʤ ʮʠʥʢʘ(II), 4-ʬʝʥʠʣʙʝʥʟʦʘʪ ʘʥʠʦʥ ʠ 

ʧʠʨʠʜʠʥ, ʨʘʚʥʘ 22700 ʩʤ-1. ʄʳ ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ET d-ʙʣʦʢʘ 

ʢʦʤʧʣʝʢʩʘ 99ĿGd ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʠʦʥʦʤ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʵʥʝʨʛʠʷ 

ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʧʠʨʠʜʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 29900 ʩʤ-1. ET d-ʙʣʦʢʘ ʢʦʤʧʣʝʢʩʘ 102ĿGd (22200

ʩʤ-1) ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ ʘʥʠʦʥʦʤ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ (ET = 22500 ʩʤï1), ʪʘʢ ʠ 

ʤʦʣʝʢʫʣʦʡ 2,2ǋ-ʙʠʧʠʨʠʜʠʣʘ (ET = 23500 ʩʤ
-1) [106]. ET d-ʙʣʦʢʘ {Zn(4-phbz)3Lut} ʥʝ 

ʠʟʫʯʘʣʘʩʴ, ʥʦ ʧʦʩʢʦʣʴʢʫ ETʜʣʷ 2,3-ʣʫʪʠʜʠʥʘ ʨʘʚʥʘ 28700 ʩʤ-1, ʪʦ ʠ ET d-ʙʣʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʘʥʠʦʥʦʤ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ, ʘʥʘʣʦʛʠʯʥʦ ʢʦʤʧʣʝʢʩʫ 99ĿGd.

ɼʣʷ ʢʦʤʧʣʝʢʩʘ106ĿEu ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʪʨʠʧʣʝʪʥʳʤ ʫʨʦʚʥʝʤ ʣʠʛʘʥʜʘ T1

(22500 ʩʤï1) ʠ ʚʦʟʙʫʞʜʝʥʥʳʤʠ 5DJʩʦʩʪʦʷʥʠʷʤʠ ʠʦʥʘ Eu3+ (5DJ (J= 0, 1, 2)) ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʟʥʘʯʝʥʠʷʤ 5300, 3500 ʠ 1000 ʩʤï1. ɺ ʢʦʤʧʣʝʢʩʘʭ 99ĿEu ʠ 102ĿEu ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 

ʪʨʠʧʣʝʪʥʳʤʠ ʫʨʦʚʥʷʤ d-ʙʣʦʢʦʚ {Zn(4-phbz)3Py} (22700 ʩʤï1) ʠ { Zn(4-phbz)3Bpy} (22200 ʩʤï

1) ʠ ʚʦʟʙʫʞʜʝʥʥʳʤʠ 5DJʩʦʩʪʦʷʥʠʷʤʠ ʠʦʥʘ Eu3+ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ 5500, 3700 ʠ 1200 

ʩʤï1ʜʣʷ 99ĿEuʠ 5000, 3200 ʠ 700 ʩʤï1 (ʨʠʩ. 40) ʜʣʷ 102ĿEu. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ 106ĿTb ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʪʨʠʧʣʝʪʥʳʤ ʫʨʦʚʥʝʤ ʣʠʛʘʥʜʘ T1

(22500 ʩʤï1) ʠ ʚʦʟʙʫʞʜʝʥʥʳʤ 5D4ʩʦʩʪʦʷʥʠʝʤ ʠʦʥʘ Tb3+ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ 2000 ʩʤï1. 

ɺ ʢʦʤʧʣʝʢʩʘʭ 99ĿTb ʠ102ĿTb ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʪʨʠʧʣʝʪʥʳʤʠ ʫʨʦʚʥʷʤʠ d-ʙʣʦʢʦʚ 

{ Zn(4-phbz)3Py} (22700 ʩʤï1) ʠ { Zn(4-phbz)3Bpy} (22200 ʩʤï1) ʠ ʚʦʟʙʫʞʜʝʥʥʳʤ 5D4

ʩʦʩʪʦʷʥʠʝʤ ʠʦʥʘ Tb3+ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2200 ʩʤï1 ʜʣʷ 99ĿTb ʠ 1700 ʩʤï1ʜʣʷ 102ĿTb.

ɿʥʘʯʝʥʠʷ æE(T1-
5DJ) ʜʣʷ ʘʥʠʦʥʘ 4-phbz ʠ d-ʙʣʦʢʦʚ {Zn(4-phbz)3Py} ʠ {Zn(4-

phbz)3bpy} ʣʝʞʘʪ ʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʵʤʠʩʩʠʠ ʠʦʥʦʚEu3+

ʠ Tb3+. 

ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Eu3+ - 99ĿEu, 101ĿEu, 102ĿEu, 106ĿEu-

ʩʦʜʝʨʞʘʪ ʫʟʢʠʝ ʧʦʣʦʩʳ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 580, 593, 616-618, 651-653, 700 ʥʤ. ʕʪʠ ʧʦʣʦʩʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʭʦʜʘʤ 5D0-
7FJ (J = 0-4) ʠʦʥʘ ʝʚʨʦʧʠʷ(III). ʅʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʦʪʥʦʩʠʪʩʷ ʢ ʛʠʧʝʨʯʫʚʩʪʚʠʪʝʣʴʥʦʤʫ ʧʝʨʝʭʦʜʫ 5D0-
7F2. 
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ʘ ʙ

ʚ ʛ

ʈʠʩʫʥʦʢ344.ʘ, ʙ, ʚïʉʧʝʢʪʨʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ106ĿGd (ʘ) ʠ99ĿGd (ʙ) 

ʧʨʠ ɚex = 360 ʥʤ ʠ ʊ = 77 ʂ. ʛïʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʟʣʫʯʘʪʝʣʴʥʳʭ (ʨʝʟʦʥʘʥʩʥʳʭ) 

ʫʨʦʚʥʝʡ ʠʦʥʦʚ ʣʘʥʪʘʥʠʜʦʚ(III). ʇʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟ [15], cʠʟʤʝʥʝʥʠʷʤʠ.

ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠʦʥʘ ʝʚʨʦʧʠʷ(III) ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʝʛʦ ʙʣʠʞʘʡʰʝʛʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ɺ ʠʩʪʦʯʥʠʢʝ [9, 110]ʧʨʠʚʝʜʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʵʤʠʩʩʠʠ ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ʠ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʧʠʢʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʝʨʝʭʦʜʘʤ ʠʦʥʘ Eu3+, ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʦ ʩʠʤʤʝʪʨʠʠ ʝʛʦ ʙʣʠʞʘʡʰʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ (ʨʠʩ. 41). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʧʦ ʨʷʜʫ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʯʠʥ. ɺʦ-ʧʝʨʚʳʭ, ʠʥʦʛʜʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʩʱʝʧʣʸʥʥʳʤʠ 
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ʩʧʝʢʪʨʦʚ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʘʟʦʪʥʳʭ, ʘ ʝʱʝ ʣʫʯʰʝ ʧʨʠ ʛʝʣʠʝʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʪʦʨʘʷ 

ʧʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʈʉɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʙʣʠʞʘʡʰʠʤ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʠʦʥʫ ʤʝʪʘʣʣʘ ʘʪʦʤʘʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʘ ʨʘʩʱʝʧʣʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʪʘʢʞʝ ʚʣʠʷʶʪ ʧʦʣʷ ʙʦʣʝʝ ʜʘʣʸʢʠʭ ʘʪʦʤʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʢʦʪʦʨʦʤʫ ʥʝʩʦʦʪʚʝʪʩʪʚʠʶ ʜʘʥʥʳʭ ʦ ʩʠʤʤʝʪʨʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʈʉɸ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ.

ʘ

ʙ

ʈʠʩʫʥʦʢ 40. ʘïʉʭʝʤʘ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʜʣʷ 106ĿEuʠ106ĿTb. ʙïʉʭʝʤʘ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ ʜʣʷ 102ĿEuʠ102ĿTb. (ISC - ʚʥʫʪʨʠʩʠʩʪʝʤʥʳʡ ʧʝʨʝʥʦʩ, ET - ʧʨʷʤʦʡ ʧʝʨʝʥʦʩ 

ʵʥʝʨʛʠʠ, BET -ʦʙʨʘʪʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ,ILCT, LLCT ʠ MLCT ïʩʦʩʪʦʷʥʠʷ ʩ ʧʝʨʝʥʦʩʦʤ 

ʟʘʨʷʜʘ ʚʥʫʪʨʠ ʣʠʛʘʥʜʘ (IL), ʣʠʛʘʥʜ-ʣʠʛʘʥʜ (LL) ʠ ʤʝʪʘʣʣ-ʣʠʛʘʥʜ (ML)).
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ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 16. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 99ĿEuʠ

106ĿEuʥʘʙʣʶʜʘʝʤʳʝ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʧʠʢʦʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʧʠʢʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʧʝʨʝʭʦʜʫ 5D0-
7F2. ɼʣʷ ʢʦʤʧʣʝʢʩʘ 102ĿEu ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʧʠʢʦʚ, ʦʪʚʝʯʘʶʱʠʭ5D0-
7F2 ʠ 

5D0-
7F4. ʇʨʠʯʠʥʳ 

ʯʘʩʪʠʯʥʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʫʞʝ ʦʙʩʫʞʜʘʣʠʩʴ ʚʳʰʝ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 101ĿEu ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʣʴʚʘʪ, ʧʦ ʤʝʨʝ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʳ ʠʟʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʦʙʨʘʟʮʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʣʦʢʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ʠʦʥʘ 

ʝʚʨʦʧʠʷ(III ).

ʈʠʩʫʥʦʢ 41. ɹʣʦʢ-ʩʭʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʠʤʤʝʪʨʠʶ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠʦʥʘ ʝʚʨʦʧʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʩʧʝʢʪʨʦʚ ʵʤʠʩʩʠʠ(ʚʦʩʧʨʦʠʟʚʝʜʝʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠʟ ʨʘʙʦʪʳ [110]).
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ʊʘʙʣʠʮʘ 16. ɻʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʠʦʥʘ Eu3+ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ 99ĿEu, 101ĿEu, 102ĿEu, 106ĿEu, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʣʦʢ-ʩʭʝʤʦʡ (ʨʠʩ. 41) ʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʈʉɸ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ ʇʆ Shape2.1.

ʂʦʤʧʣʝʢʩ ɻʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ

(ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʜʘʥʥʳʝ)

ɻʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ

(ʜʘʥʥʳʝ ʈʉɸ)

99ĿEu C2v C2v

101ĿEu C2v D2d

102ĿEu S4 D2d

106ĿEu C2v Cs

ʉʧʝʢʪʨʳ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ TbIII (99ĿTb, 102ĿTb, 106ĿTb) ʩʦʜʝʨʞʘʪ ʧʦʣʦʩʳ ʥʘ 

ʜʣʠʥʘʭ ʚʦʣʥ 490-491, 546-547, 587-588, 621 ʥʤ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʭʦʜʘʤʠ 5D4-
7FJ (J=6-3) ʠʦʥʘ 

ʪʝʨʙʠʷ(III) ʠ ʩʣʘʙʫʶ ʧʦʣʦʩʫ 5D4-
7F2 ʧʝʨʝʭʦʜʘ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

5D4-
7F5.

ʘ ʙ

ʚ ʛ

ʈʠʩʫʥʦʢ 42. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ (ʩʠʥʠʝ) ʠ ʵʤʠʩʩʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 106ĿEu(ʘ), 

106ĿTb(ʙ) ʠ 106ĿDy (ʚ) ʠ 101ĿEu (ʛ) ʧʨʠ ʊ = 300 ʂ. 
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ʘ ʙ

ʚ ʛ

ʜ ʝ

ʈʠʩʫʥʦʢ 43.ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ʧʨʠ ʊ = 300 ʂ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 99ĿEu

(ʘ), 99ĿTb (ʙ), 102ĿEu (ʚ) ʠ 102ĿTb (ʛ), ʘ ʪʘʢʞʝ ʧʨʠ ʊ = 77 ʂ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 99ĿEu (ʜ) ʠ

102ĿEu (ʝ).

ʅʘ ʦʩʥʦʚʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 99ĿEu, 

101ĿEu, 102ĿEu, 99ĿTb, 102ĿTb, 106ĿEu, 106ĿTbʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʘʛʨʘʤʤʳ ʮʚʝʪʥʦʩʪʠ 
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ʵʤʠʩʩʠʠ (ʨʠʩ. 44ʘ). ʂʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ Eu ʩʤʝʱʘʶʪʩʷ ʚ ʙʦʣʝʝ ʢʨʘʩʥʫʶ 

ʦʙʣʘʩʪʴ ʚ ʨʷʜʫ:101ĿEu, 102ĿEu, 99ĿEu, 106ĿEu(ʩʤ. ʨʠʩ. 44ʙ). ɼʣʢ̫ʦʤʧʣʝʢʩʦʚTbʵʤʠʩʩʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʟʝʣʝʥʦʡ ʦʙʣʘʩʪʠ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ, ʜʣʷ 106ĿTb ʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ 

ʩʤʝʱʝʥʳ ʚ ʙʦʣʝʝ ʩʠʥʶʶ ʦʙʣʘʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 99ĿTb ʠ102ĿTb (ʨʠʩ. 44ʚ).ʉʦʦʪʥʦʰʝʥʠʷ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʝʨʝʭʦʜʦʚ 5D0-
7FJ (J=0-4) ʢʦʤʧʣʝʢʩʦʚ ɽu ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 17.

ʘ

ʙ ʚ

ʈʠʩʫʥʦʢ 44.ʂʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ ʵʤʠʩʩʠʠ ʦʙʨʘʟʮʦʚ99ĿEu (Zn2_Eu_py), 101ĿEu

(Zn2_Eu_2,3-lut), 102ĿEu (Zn2_Eu_bpy), 99ĿTb (Zn2_Tb_py), 102ĿTb (Zn2_Tb_bpy), 

106ĿEu([Eu(phbz3)]n), 106ĿTb([Tb(phbz3)]n).
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ʊʘʙʣʠʮʘ 17. ʀʥʪʝʛʨʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʢʦʤʧʣʝʢʩʦʚ, 99ĿEu, 102ĿEu ʠ

106ĿEuʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʛʥʠʪʥʦʤʫ ʜʠʧʦʣʴʥʦʤʫ ʧʝʨʝʭʦʜʫ 5Ὀ0 Ÿ 
7Ὂ1. 

5
Ὀ0 Ÿ

7
Ὂ0

5
Ὀ0 Ÿ

7
Ὂ1

5
Ὀ0 Ÿ

7
Ὂ2

5
Ὀ0 Ÿ

7
Ὂ3

5
Ὀ0 Ÿ

7
Ὂ4

ʆʙʱʘʷ

99ĿEu 0.03 1 5.21 0.22 1.68 8.13

101ĿEu 0.03 1 3.64 0.16 0.88 5.73

102ĿEu 0.03 1 5.66 0.30 3.33 10.31

106ĿEu 0.08 1 6.93 0.19 0.91 9.13

ɺ ʩʧʝʢʪʨʘʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʝʚʨʦʧʠʷ, ʪʘʢ ʠ ʪʝʨʙʠʷ, ʠʤʝʝʪʩʷ 

ʩʣʘʙʘʷ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʩʦʩʪʦʷʥʠʷʤ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ 

LLCT (ligand-to-ligand charge transfer)ʠ MLCT (metal-to-ligand charge transfer), ʢʦʪʦʨʳʝ 

ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʢ ʠʦʥʫ ʣʘʥʪʘʥʠʜʘ ʠ ʥʘʙʣʶʜʘʝʤʳʡ ʦʙʱʠʡ ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ.

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʢʦʤʧʣʝʢʩ[Eu(4-phbz)3]n (106ĿEu) 

ʧʦʢʘʟʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʣʘʙʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ (ɖ = 28%) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʥʝʚʳʩʦʢʠʤ ʦʙʱʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ (14%) ʠ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ Ű= 1100 ʤʢʩ 

(ʪʘʙʣʠʮʘ 18). ʕʥʝʨʛʠʷ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ E(T1) = 22500 ʩʤï1 ʜʣʷ 4-phbz ʣʠʛʘʥʜʘ 

ʙʣʘʛʦʧʨʠʷʪʥʘ ʜʣʷ ʚʳʩʦʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʃʘʪʚʘ (ʨʠʩ. 40) ʜʣʷʢʦʤʧʣʝʢʩʦʚ Eu3+ ʥʘ ʦʩʥʦʚʝ ʣʠʛʘʥʜʦʚ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʪʨʠʧʣʝʪʥʳʭ ʫʨʦʚʥʝʡ[74]. ʅʘʙʣʶʜʘʝʤʳʡʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʢʦʨʦʪʢʠʤ ʨʘʩʩʪʦʷʥʠʝʤ Eu ... Eu ʚ ʮʝʧʦʯʢʘʭ ʧʦʣʠʤʝʨʘ 106ĿEu, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʩʪʨʦʡʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʦʙʤʝʥʥʦ-ʩʚʷʟʘʥʥʳʤʠ ʠʦʥʘʤʠ Eu3+ ʠʦʥʦʚ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʪʫʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ[12, 14, 19, 46, 61, 77, 82, 146]. 

ʂʦʤʧʣʝʢʩ ʪʝʨʙʠʷ 106ĿTbʠʤʝʝʪ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, ʨʘʚʥʳʡ 24%, ʠ ʚʨʝʤʷ ʞʠʟʥʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ 5D4 ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ Ű= 750 ʤʢʩ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʥʠʦʥ 4-

ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳʵʬʬʝʢʪʠʚʥʦ ʩʝʥʩʠʙʠʣʠʟʠʨʫʝʪ ʠʦʥ Tb3+. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʤʧʣʝʢʩ 

ʪʝʨʙʠʷ 106ĿTbʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, ʯʝʤ 106ĿEu, ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʦʭʦʞʠʭ ʢʦʤʧʣʝʢʩʦʚ ʪʝʨʙʠʷ ʠ ʝʚʨʦʧʠʷ[10, 17, 98, 107, 112, 113, 42, 62, 64, 

66, 79, 81, 92, 94]. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʠ ʧʦʣʠʤʝʨʦʚ [Ln(L2)3(H2O)2]n, Ln3+ = Eu, Tb, HL2 = 4-

(ʜʠʧʠʨʠʜʠʥ-2-ʠʣ)ʘʤʠʥʦʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ) ʩ ʵʥʝʨʛʠʝʡ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʚ 23697 ʩʤï1, 

ʢʦʤʧʣʝʢʩ ʪʝʨʙʠʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ (64%), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʝʚʨʦʧʠʷ 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ 7% [91]. 
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ɺ ʩʧʝʢʪʨʝ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʰʠʨʦʢʘʷ 

ʧʦʣʦʩʘ 340-450 ʥʤ, ʢʦʪʦʨʘʷ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʪʝʨʙʠʷ(ʨʠʩ. 45),

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʝ↓ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ LMCT ʧʝʨʝʭʦʜʫ. ʀʟ-ʟʘ ʥʠʟʢʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʘ ʝʚʨʦʧʠʷ (-0.35 ɺ) ʦʥ ʣʝʛʢʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ Eu2+, 

ʧʦʩʣʝ ʯʝʛʦ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʣʠʙʦ ʚ ʚʦʟʙʫʞʜʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ Eu3+*, ʣʠʙʦ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʤ ʧʫʪʸʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ↑ʧʫʪʴ ʪʫʰʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʝʚʨʦʧʠʷ, ʯʪʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʝʱʝ↓ʦʜʥʦʡ↑ʠʟ ʧʨʠʯʠʥ ʙʦʣʝʝ ʥʠʟʢʦʛʦ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʦʤ ʪʝʨʙʠʷ. 

ʈʠʩʫʥʦʢ 45.ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ 106ĿEu (a, ‗Ὡά= 615 ʥʤ) ʠ 106ĿTb (b, ‗Ὡά= 545 

ʥʤ) ʧʨʠ T=300 K. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʧʠʩʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Euʠ Tbʢʦʤʧʣʝʢʩʳ ʩʘʤʘʨʠʷ 106ĿSmʠ ʛʦʣʴʤʠʷ 

106ĿHo ʥʝ ʦʙʣʘʜʘʶʪ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʘ ʢʦʤʧʣʝʢʩ ʜʠʩʧʨʦʟʠʷ 106ĿDy ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʘʙʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʠʦʥʘ ʤʝʪʘʣʣʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʠʣʦ ʠʟʤʝʨʠʪʴ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ.

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ (ɚex= 340 ʥʤ) ʢʦʤʧʣʝʢʩʳ 99ĿEu,101ĿEu

ʠ 102ĿEu ʧʦʢʘʟʳʚʘʶʪ ʩʨʝʜʥʶʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ (ɖ= 54%, 50% ʠ 77%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʱʠʤ ʢʚʘʥʪʦʚʳʤ ʚʳʭʦʜʦʤ (ὗ ) ʦʢʦʣʦ40% ʠ ʚʨʝʤʝʥʝʤ 

ʞʠʟʥʠ Ű= 1830 ʤʢʩ ʜʣʷ 99ĿEu,1 = 31% ʠ Ű= 1770 ʤʢʩ ʜʣʷ 101ĿEu,1 = 62% ʠ ʚʨʝʤʝʥʝʤ 

ʞʠʟʥʠ Ű= 1540 ʤʢʩ ʜʣʷ 102ĿEu. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʰʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʩʠʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʘ ʣʘʥʪʘʥʠʜʘ d-ʙʣʦʢʦʤ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʘʥʠʦʥʳ 4-

phbzʠ ʤʦʣʝʢʫʣʳ ʧʠʨʠʜʠʥʘ, 2,3-ʣʫʪʠʜʠʥʘ ʠʣʠ 2,2ǋ-ʙʠʧʠʨʠʜʠʣʘ. 

ʂʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 99ĿTb ʠ102ĿTb ʥʠʞʝ, ʯʝʤ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʝʚʨʦʧʠʷ -99ĿEuʠ102ĿEu - ʠ ʩʦʩʪʘʚʣʷʶʪ 12% ʠ 22%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʨʠ ɚex = 
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340 ʥʤ), ʘ ʚʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 5D4ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦ Ű= 1460 ʤʢʩ 

ʜʣʷ 99ĿTbʠ Ű= 1040 ʤʢʩ ʜʣʷ 102ĿEu. ʉʫʜʷ ʧʦ ʚʩʝʤʫ, ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ 

d-ʙʣʦʢʘ ʢʦʤʧʣʝʢʩʘ ʥʘ 5D1 ʫʨʦʚʝʥʴʠʦʥʘ ʝʚʨʦʧʠʷ(III ) (æE(T1-
5D1) = 3700 ʩʤ

-1)ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʥʘ 5D4ʫʨʦʚʝʥʴ ʠʦʥʘ ʪʝʨʙʠʷ(III ) (æE(T1-
5D1) = 2200 ʩʤ

-1).

ʊʘʙʣʠʮʘ 18.ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʣʝʢʩʦʚ 106ĿLn , 99ĿLn ʠ 102ĿLn (Ln = 

Eu, Tb). aï‗Ὡὼ= 340 nm, b -‗Ὡά= 615 (Eu), c - 545 (Tb) nm, d -‗Ὡὼ= 380 nm

Arad, s-1 Anrad, s-1 Ű, ms

T=77K

Ű,ms

T=300K

ὗ , % 1 , % –, % 

106ĿEu 460 450 - 1.10db 50 14d 28

106ĿTb - - - 0.75dc - 24d -

99ĿEu 400 143 - 1.83ab 74 40a 54

99ĿTb - - - 1.46ac - 12a -

101ĿEu 350 210 - 1.77ab 62 31a 50

102ĿEu 530 125 1.54ab 1.54ab 81 62a 77

102ĿTb - - 1.53ac 1.04ac - 22a -

ɹʦʣʝʝ ʥʠʟʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 106ĿEu ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 106ĿTb ʦʙʫʩʣʦʚʣʝʥ ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʩʝʥʩʠʙʠʣʠʟʘʮʠʝʡ. ʉʦʛʣʘʩʥʦ ʵʤʧʠʨʠʯʝʩʢʦʤʫ ʧʨʘʚʠʣʫ, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʉʘʪʦ ʠ 

ʃʘʪʚʘ [74, 100], ʦʧʪʠʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʱʝʣʴ ʤʝʞʜʫ ʪʨʠʧʣʝʪʥʳʤ ʫʨʦʚʥʝʤ ʣʠʛʘʥʜʘ ʠ 

ʚʦʟʙʫʞʜʝʥʥʳʤ ʫʨʦʚʥʝʤ Eu3+ ʠ Tb3+ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2500ï3000 ʠ 2500ï4000 ʩʤ-1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʫʪʴ T1-
5D0 (Eu3+) ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ, ʯʝʤ T1-

5D4 (Tb3+) ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ ʧʝʨʚʦʛʦ. ʂʨʦʤʝ ʪʦʛʦ, ʰʠʨʦʢʦʝ ʧʣʝʯʦ ʧʨʠ 

ʜʣʠʥʝ ʚʦʣʥʳ 340-450 ʥʤ ʚ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ 106ĿEu (ʨʠʩ. 45) ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʩʧʝʢʪʨʝ 

106ĿTb ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʩʦʩʪʦʷʥʠʷ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʦʪ ʣʠʛʘʥʜʘ ʢ ʤʝʪʘʣʣʫ (Metal-to-

ligand charge-transfer, LMCT), ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʛʘʰʝʥʠʶ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʦʥʘ ʝʚʨʦʧʠʷ(III ). 

ʉʦʩʪʦʷʥʠʝ LMCT ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʝʚʨʦʧʠʷ ʩ d-ʙʣʦʢʦʤ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʢ Eu3+ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʱʝʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ.

ʅʘʙʣʶʜʘʝʤʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 99ĿTb ʠ 102ĿTb ʚʳʰʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 

ʪʨʝʪʴ ʜʣʷ 106ĿTb, ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʸʪʩʷ ʜʣʷ ʝʚʨʦʧʠʡʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ 

(ʪʘʙʣʠʮʘ 18). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ ʦʪ Tb3+ʢ ʣʠʛʘʥʜʫ ʚ ʛʝʪʝʨʦʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʭʦʪʷ ʦʥʘ ʥʝ ʠʩʯʝʟʘʝʪ ʧʦʣʥʦʩʪʴʶ. 

ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʧʦʪʝʨʴ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ d-

ʙʣʦʢʘ. ɼʨʫʛʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ d-ʙʣʦʢʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʚʝʣʠʯʠʥʘ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠʟʦʣʷʮʠʠ ʠʦʥʦʚ 



112

ʣʘʥʪʘʥʦʠʜʦʚ ʦʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ, ʚʦʟʤʦʞʥʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʡʩʪʘʙʠʣʠʟʘʮʠʝʡ

ʤʦʣʝʢʫʣ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ.

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ 102ĿEu ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʫ 99ĿEu ʠ 101ĿEu. 

ʈʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʚʦʟʙʫʞʜʝʥʥʳʤ ʩʠʥʛʣʝʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ S1 ʠ ʪʨʠʧʣʝʪʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ T1 d-ʙʣʦʢʦʚ {Zn(phbz)3Py} ʠ {Zn(phbz)3Bpy} ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 9000 ʩʤ-1 ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (ʦʢʦʣʦ 5000 ʩʤ-1). ʅʘʣʠʯʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʨʘʟʙʠʚʘʝʪ ʤʝʞʩʠʩʪʝʤʥʳʡ ʧʝʨʝʭʦʜ S1-T1ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʩ 

ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʆʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ 102ĿEu ʠ 102ĿTb ʤʦʞʥʦ 

ʦʙʦʙʱʠʪʴ ʥʘ ʫʧʨʦʱʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 40, ʙ.

3.5. ʄʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ

3.5.1. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʣʷ Ln(4-phbz)3]n (Ln = Gd, Tb, Dy, Ho)

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ [Ln(4-phbz)3]n (106ĿLn , Ln = Gd, Tb, Dy, Ho)

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʠʟʤʝʨʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ɢTʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 

300 K (ʨʠʩ. 46). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɢTʧʨʠ 300 K (7.8, 11.0, 14.0, 14.1 ʩʤ3K/ʤʦʣʴ 

ʜʣʷ Gd, Tb, Dy ʠ Ho ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʦʞʠʜʘʝʤʳʤʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭʠʦʥʦʚ Gd3+(7.88 ʩʤ3K/ʤʦʣʴ), Tb3+

(11.82 ʩʤ3K/ʤʦʣʴ), Dy3+(14.17 ʩʤ3K/ʤʦʣʴ) ʠʣʠ Ho3+(14.07 ʩʤ3K/ʤʦʣʴ).ʇʦʚʝʜʝʥʠʝ ʢʨʠʚʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ɢTʜʣʷ [Ln(4-phbz)3]n (Ln = Tb, Dy, Ho) ʚʳʨʘʞʝʥʦ ʤʦʥʦʪʦʥʥʳʤ 

ʫʤʝʥʴʰʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ɢTʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 300 ʜʦ 100 K, ʥʠʞʝ ʵʪʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʧʣʦʪʴ ʜʦ 2 K ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ɢT(4.68, 5.23 ʠ 2.32 

ʩʤ3K/ʤʦʣʴ ʜʣʷ Gd, Tb, Dy ʠ Ho, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʣʷ ʢʦʤʧʣʝʢʩʘ 106ĿGd ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 25 ʜʦ 300 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ɢT, ʨʘʚʥʦʝ 7.65 

ʩʤ3K/ʤʦʣʴ, ʘ ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʧʘʜʝʥʠʝʤ 

ʟʥʘʯʝʥʠʷ ɢTʜʦ 4.88 ʩʤ3K/ʤʦʣʴ ʧʨʠ 2 ʂ. 
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ʈʠʩʫʥʦʢ 46.ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ɢTʜʣʷ [Ln(4-phbz)3]n (106ĿLn , Ln = Gd, Tb, Dy, 

Ho). ʃʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʤʫʣʷʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.

ɸʥʘʣʠʟ ʢʨʠʚʦʡ ɢTʜʣʷ ʢʦʤʧʣʝʢʩʘ [Gd(4-phbz)3]n ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʦʙʤʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ (ʜʝʪʘʣʠ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʩʪʘʪʴʝ [50]) ʚʳʷʚʠʣ 

ʩʣʘʙʳʝ ʦʙʤʝʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʚ ʮʝʧʦʯʢʝ (J =ï0.053ʩʤï1, 

g = 1.98). 

ʄʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʨʘʟʮʦʚ [Ln(4-phbz)3]n (Ln = Tb, Dy, Ho) ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʩʥʦʚʥʳʭ J-ʤʫʣʴʪʠʧʣʝʪʦʚ ʠʦʥʦʚ LnIII (TbIII ïS= 3, L = 3, 7F6, DyIII -

S= 5/2, L = 5, 6H15/2, HoIII - S= 2, L = 6, 5I8) ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ; ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʙʤʝʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʚ ʮʝʧʠ (ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 

ʢʦʤʧʣʝʢʩʘ [Gd(4-phbz)3]n; ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʠʞʝ 10 ʂ) ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʵʬʬʝʢʪʦʤ ɿʝʝʤʘʥʘ [70]. 

ʄʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Ln(4-phbz)3]n (Ln = Tb, Dy, Ho) ʜʝʪʘʣʴʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʧʦʜʨʦʙʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ 

ʥʘʰʝʡ ʧʫʙʣʠʢʘʮʠʠ [50]).

ʀʟʤʝʨʝʥʠʷ ʚ AC-ʨʝʞʠʤʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʧʦʣʠʤʝʨʘ [Dy(4-phbz)3]n ʧʦʢʘʟʘʣʠ ʦʪʯʝʪʣʠʚʳʡ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʳʡ 

ʩʠʛʥʘʣ ɢǋǋ(ʊ) ʜʘʞʝ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʨʠʩ. 47ʘ) ʩ ʤʘʢʩʠʤʫʤʦʤ ʦʢʦʣʦ 7800 ɻʮ, 

ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪʩʷ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʢʚʘʥʪʦʚʦʝ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʝʤ ŰQTM~ 2Ŀ10
ï5ʩ ʜʦʤʠʥʠʨʫʝʪ ʚ ʤʝʭʘʥʠʟʤʝ 

ʨʝʣʘʢʩʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2-10 K. ɹʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ AC-ʠʟʤʝʨʝʥʠʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʧʦʣʝ 1000 ʕ (ʨʠʩ. 47ʙ). ʀʩʭʦʜʷ ʠʟ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

Ű(1/T) ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 2-4 K ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʨʝʣʘʢʩʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʦ 
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ʆʨʙʘʭʫʠ ʈʘʤʘʥʫ[43, 58, 93, 133]ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ Ueff

= 6 K ʠ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ Ű0 = 2.1Ŀ10ï5ʩ (ʨʠʩ. 47ʚ).
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ʈʠʩʫʥʦʢ 47. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ(c¡) ʠ ʤʥʠʤʦʡ (c±) ʯʘʩʪʝʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ [Dy(4-phbz)3]nʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 

2 ʜʦ 4 K ʚ ʥʫʣʝʚʦʤ (ʘ) ʠ 1000 ʕ (ʙ) dc-ʧʦʣʷʭ. ʚïɿʘʚʠʩʠʤʦʩʪʴ Ű ʦʪ Tï1ʜʣʷ [Dy(4-phbz)3]n

(1000 ʕ dc-ʧʦʣʝ).

ʅʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʠ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʤʘʣʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ (ʨʝʢʦʨʜʥʳʝ ʟʥʘʯʝʥʠʷ ʙʘʨʴʝʨʘ ʚʳʰʝ Ueff > 2200 

K, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʣʦʢʠʨʦʚʢʠ ʩʦʩʪʘʚʣʷʝʪ TB = ~80 K), ʥʦ ʪʠʧʠʯʥʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ

ʢʦʤʧʣʝʢʩʦʚ ʜʠʩʧʨʦʟʠʷ(III) ʩ ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʝʡ ʧʦʣʠʵʜʨʘ. ʊʘʢ ʞʝ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, 

ʩʥʠʞʘʶʱʠʤ ʵʪʠ ʭʘʨʘʢʪʝʨʥʳʝ ʟʥʘʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʤʝʞʘʪʦʤʥʦʝ 
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ʨʘʩʩʪʦʷʥʠʝ DyéDy (ʨʘʩʩʪʦʷʥʠʝ EuéEu ʜʣʷ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʝʪ 

3.6542(3) ¡). ʆʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʦʝ DyéDyʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʢʦʨʦʪʢʠʤ 

ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʣʘʥʪʘʥʠʜʦʚ: 5.028 ¡ [8], 4.83 ¡ [116], 4.873 

¡[67], 4.2 ¡ [138], 4.066 ¡ [102] ʠ 3.998 ¡ [66]. ʊʘʢʦʝ ʢʦʨʦʪʢʦʝ ʨʘʩʩʪʦʷʥʠʝ LnéLn ʪʘʢʞʝ 

ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴ ʨʝʘʣʠʟʘʮʠʶ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 

ʥʘʙʣʶʜʘʝʤʳʭ ʤʝʞʜʫ ʠʦʥʘʤʠ Gd(III) ʚ ʧʦʣʠʤʝʨʝ [Gd(4-phbz)3]n.

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤʫ ʧʦʣʠʤʝʨʫ [Dy(4-phbz)3]n ʩʚʦʡʩʪʚʝʥʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʝ 

ʟʥʘʯʝʥʠʝ Ueff ʠ ʙʳʩʪʨʦʝ ʢʚʘʥʪʦʚʦʝ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (ʚʩʣʝʜʩʪʚʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ʠʦʥʘ Dy3+ ʠ ʥʘʣʠʯʠʷ ʦʙʤʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʠʦʥʘʤʠʤʝʪʘʣʣʦʚ ʚ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʦʯʢʝ), ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʦʜʠʪ 

ʢ ʦʪʩʫʪʩʪʚʠʶ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʢʩʠʘʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. 

ʂʦʤʧʣʝʢʩʳ [Ln(4-phbz)3]n ʩ ʥʝ-ʂʨʘʤʝʨʩʦʚʳʤʠ ʠʦʥʘʤʠ (Ln = Tb, Ho) ʥʝ ʧʨʦʷʚʣʷʶʪ 

ʩʚʦʡʩʪʚʘ SMM ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʥʝʤʘʛʥʠʪʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [50].

3.5.2. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ [Cu2Ln 2(OH)2(piv)8(H2O)4]Ŀ4EtOH (Ln = Gd, Dy, Tb)

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 107ĿLn (Ln = Gd, Tb, Dy) ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 2-300 K (ʨʠʩ. 48ʘ). 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 107ĿGd ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ɢMT ʤʦʥʦʪʦʥʥʦ ʩʥʠʞʘʶʪʩʷ ʦʪ 17.07 ʜʦ 

16.76 ʩʤ3ĿK/ʤʦʣʴ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 300ï45 ʂ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʥʘʯʝʥʠʝ ɢMT ʚʦʟʨʘʩʪʘʝʪ ʜʦ 16.82 ʩʤ
3ĿK/ʤʦʣʴ ʧʨʠ 25 ʂ ʠ ʟʘʪʝʤ ʙʳʩʪʨʦ ʧʘʜʘʝʪ 

ʜʦ 11.32 ʩʤ3ĿK/ʤʦʣʴ ʧʨʠ 4 ʂ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɢMT ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʦʞʠʜʘʝʤʦʛʦ ʯʠʩʪʦ-ʩʧʠʥʦʚʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʯʝʪʳʨʝʭ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ, ʜʚʫʭ Gd3+ (S= 7/2, L = 0, 8S7/2, g =2) ʠ ʜʚʫʭ Cu2+ (S= 1/2, g = 2) - 16.5 

ʩʤ3ĿK/ʤʦʣʴ (ɛeff = 11.49 ɛB). ɺ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 25ï300 K ʟʘʚʠʩʠʤʦʩʪʴ c-1(ʊ) ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ 107ĿGd ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʘ (c= C/(T-q)) ʩʦ ʟʥʘʯʝʥʠʷʤʠ C = 17.13 

ʩʤ3K/ʤʦʣʴ ʠ q= -1.1 K (ʨʠʩ. 48ʙ). ɿʥʘʯʝʥʠʝ C= 17.13 ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ (16.5 

ʩʤ3K/ʤʦʣʴ) ʯʠʩʪʦ-ʩʧʠʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʜʚʫʭ ʠʦʥʦʚ ʤʝʜʠ(II) ʠ ʜʚʫʭ ʠʦʥʦʚ ʛʘʜʦʣʠʥʠʷ(III ), 

ʯʪʦ ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʣʠʯʠʝʤ g-ʬʘʢʪʦʨʘ ʠʦʥʦʚ ʤʝʜʠ(II). ʆʪʨʠʮʘʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ qʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʩʣʘʙʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʝ ʛʠʜʨʦʢʩʦ-ʛʨʫʧʧʳ.

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 107ĿDy ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ɢMT ʤʦʥʦʪʦʥʥʦ ʩʥʠʞʘʝʪʩʷ ʦʪ29.83 ʜʦ 

16.50 ʩʤ3ĿK/ʤʦʣʴ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 300ï4 ʂ (ɛeffʧʘʜʘʝʪ ʩ 15.45 ʜʦ 11.49 ɛB) (ʨʠʩ. 

48ʘ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɢMT ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʣʠʟʢʦ ʢ ʦʞʠʜʘʝʤʦʤʫ 
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ʨʘʩʯʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ ʯʝʪʳʨʝʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʜʚʫʭ Dy3+ (S= 5/2, L = 5, 

6H15/2, g =4/3) ʠ ʜʚʫʭ Cu2+ (S= 1/2, g = 2) - 29.84 ʩʤ3ĿK/ʤʦʣʴ (ɛeff= 15.45 ɛB).

ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ 107ĿTb ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ɢMT ʤʦʥʦʪʦʥʥʦ ʩʥʠʞʘʝʪʩʷ ʦʪ 25.21 ʜʦ 

14.998 ʩʤ3ĿK/ʤʦʣʴ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʘʧʘʟʦʥʝ 300ï4 ʂ (ɛeffʧʘʜʘʝʪ ʩ 14.2 ʜʦ 

10.95 ɛB) (ʨʠʩ. 48ʘ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɢMT ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʣʠʟʢʦ 

ʢ ʦʞʠʜʘʝʤʦʤʫ ʨʘʩʯʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ ʯʝʪʳʨʝʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʜʚʫʭTb3+

(S= 3, L = 3, 7F6, g =3/2) ʠ ʜʚʫʭ Cu2+ (S= 1/2, g = 2) - 25.14 ʩʤ3ĿK/ʤʦʣʴ (ɛeff= 14.18 ɛB).

ʘ ʙ

ʈʠʩʫʥʦʢ 48. ʘ - ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ɢT ʜʣʷ 

[Cu2Ln2(OH)2(piv)8(H2O)4]Ŀ4EtOH (107ĿLn, Ln = Gd, Tb, Dy); ʙ- ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ 1/ɢ ʜʣʷ ʦʙʨʘʟʮʘ 107ĿGd (H = 5 kOe), ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʣʠʥʠʝʡ (ʩʤ. ʦʩʥʦʚʥʦʡ ʪʝʢʩʪ). 

ʀʟʤʝʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ(Alternative Current

measurements) ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ 107ĿDy ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʦʣʴʢʦ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʦʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ï1000 ʕ, ʨʠʩ. 49ʘ) ʥʘ ʛʨʘʬʠʢʘʭ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ɢǋǋ ʦʪ ʯʘʩʪʦʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʛʥʘʣʳ (ʨʠʩ. 49ʙ). ʆʪʩʫʪʩʪʚʠʝʤʥʠʤʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ɢǋǋ ʚ ʥʫʣʝʚʦʤ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʛʦʚʦʨʠʪ ʦ ʜʦʤʠʥʠʨʦʚʘʥʠʠ ʢʚʘʥʪʦʚʦʛʦ 

ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʚ ʤʝʭʘʥʠʟʤʝ ʨʝʣʘʢʩʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʟʘʢʦʥʦʤ 

ɸʨʨʝʥʠʫʩʘ [58, 93, 133] ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʤʦʣʝʢʫʣʳ Ueff = 11.5 K ʠ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ Ű0= 2.2Ŀ10
-6

c. ʅʝʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ Ueff ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʤʝʥʴʰʝʥʠʶ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʥʝʝ ʜʣʷ ʧʦʜʦʙʥʳʭ {Cu2Ln2} -ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʨʘʙʦʪʝ [109]. 
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 ʵʢʩʧ. ʜʘʥʥʳʝ

Model iHi_C (User)

Equation
1/C*T-Thet
ha/C

Reduced Chi-S 2,8378E-4

Adj. R-Square 0,99999

Value Standard Err

iHi

Thetha -1,1081 0,10284

C 17,126 0,01113

Mom 11,631
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ʚ ʛ

ʈʠʩʫʥʦʢ 49. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (a) ʠ ʤʥʠʤʦʡ (ʙ) ʯʘʩʪʝʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ 107ĿDy ʧʨʠ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H= 1000 ʕ (ʣʠʥʠʠ ïʧʨʦʚʦʜʥʠʢ ʜʣʷ ʛʣʘʟ); ʟʘʚʠʩʠʤʦʩʪʠ ʤʥʠʤʦʠ↑

ɢǋǋ ʩʦʩʪʘʚʣʷʶʱʝʠ↑ʜʠʥʘʤʠʯʝʩʢʦʠ↑ʤʘʛʥʠʪʥʦʠ↑ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ HDC = 0, 500, 1000 ʠ 2000 ʕ (ʚ) (ʣʠʥʠʠ ïʧʨʦʚʦʜʥʠʢ ʜʣʷ ʛʣʘʟ); 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʦʙʨʘʪʥʦʠ↑ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʢʦʤʧʣʝʢʩʘ (ʛ) (ʣʠʥʠʷ ï

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ) ʜʣʷ ʢʦʤʧʣʝʢʩʘ 107ĿDy.

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ 107ĿTb ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʥʝʬʘʟʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚ ʥʫʣʝʚʦʤ ʠ ʥʝʥʫʣʝʚʦʤ ʧʦʣʷʭ 

(1000, 2000 ʠ 5000 ʕ). 

3.5.3. ʄʘʛʥʠʪʥʳʝʩʚʦʡʩʪʚʘʢʦʤʧʣʝʢʩʦʚ{Cu9Ln 9} (Ln = Gd, Dy)

ʄʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 108ĿGd ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʦʝʜʠʥʝʥʠʠ 

ʧʨʝʦʙʣʘʜʘʶʪ ʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ. ɿʥʘʯʝʥʠʝ ɢT

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪʩʷ ʩ 75.6 ʩʤ3ĿK/ʤʦʣʴ(ɛeff = 24.6 ɛB) ʜʦ 74.1 ʩʤ3ĿK/ʤʦʣʴ(ɛeff = 24.4 

ɛB) ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʪ 300 ʜʦ 26 Kʠ ʟʘʪʝʤ ʨʝʟʢʦ ʧʘʜʘʝʪ ʜʦ ʚʝʣʠʯʠʥʳ ɢMT = 27.8 ʩʤ3ĿK/ʤʦʣʴ

(ɛeff = 14.9 ɛB) ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʘʜʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 2 ʂ(ʨʠʩ. 50ʘ). ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʂʶʨʠ-ɺʝʡʩʩʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

C = 76.07 ʩʤ3ĿK/ʤʦʣʴʠ ɗ = -2.38 K (ʨʠʩ. 50ʙ). ɿʥʘʯʝʥʠʝ ɢTʧʨʠ 300 K ʠ ʧʘʨʘʤʝʪʨ C, 
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ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʙʣʠʟʢʠ ʢ ʨʘʩʯʝʪʥʦʤʫ (74.25 ʩʤ3ĿK/ʤʦʣʴ) ʜʣʷ 

ʜʝʚʷʪʠ ʠʦʥʦʚ ʤʝʜʠ(II) (S = 1/2, g = 2, C = 0.75 ʩʤ3 K/ʤʦʣʴ) ʠ ʜʝʚʷʪʠ ʠʦʥʦʚ ʛʘʜʦʣʠʥʠʷ(III )

(S= 7/2, L = 0, 8S7/2, g = 2). ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɗ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤʠ ʠʦʥʘʤʠ 

ʤʝʪʘʣʣʦʚ. ʇʨʦʠʟʚʝʩʪʠ ʜʝʪʘʣʴʥʳʡ ʨʘʩʯʝʪ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ ʮʝʥʪʨʘʤʠ ʚ Cu9Gd9-ʢʦʤʧʣʝʢʩʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤʚʚʠʜʫ 

ʚʳʩʦʢʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʩʧʠʥ-ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ.

ʘ ʙ

ʈʠʩʫʥʦʢ 50. ʘ- ʊʝʤʧʝʨʘʪʫʨʥʘ ʟ̫ʘʚʠʩʠʤʦʩʪʴɢTʜʣ1̫08ĿGd; ʙ- ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ 1/ɢ ʜʣʷ ʦʙʨʘʟʮʘ 108ĿGd (H = 5 kOe), ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʣʠʥʠʝʡ (ʩʤ. ʦʩʥʦʚʥʦʡ ʪʝʢʩʪ).

ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ 108ĿDy ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 4-300 K (ʨʠʩ. 51)ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ

ɢMT (123.20 ʩʤ3 K/ʤʦʣʴ) ʙʣʠʟʢʘ ʢ ʦʞʠʜʘʝʤʦʤʫ ʟʥʘʯʝʥʠʶ (127.41 ʩʤ3 K/ʤʦʣʴ) ʜʣʷ ʜʝʚʷʪʠ 

ʥʝʩʚʷʟʘʥʥʳʭ ʠʦʥʦʚ ʤʝʜʠ(II) (S = 1/2, g = 2, C = 0.75 ʩʤ3 K/ʤʦʣʴ, ʨʠʩ. 51) ʠ ʜʝʚʷʪʠ ʠʦʥʦʚ 

ʜʠʩʧʨʦʟʠʷ(III ) (S = 5/2, 6H15/2, L = 5, g = 4/3, 13.78 ʩʤ3 K/ʤʦʣʴ). ɺ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ 

ʚʝʣʠʯʠʥʘ ɢMTʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʥʘʯʠʥʘʝʪ ʩʥʠʞʘʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 70 K, 

ʜʦʩʪʠʛʘʷ ʤʠʥʠʤʫʤʘ 78.97 ʩʤ3 K/ʤʦʣʴ ʧʨʠ 4 K.

ʊʘʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ 

ʪʝʨʤʠʯʝʩʢʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʩʥʦʚʥʳʭ J-

ʤʫʣʴʪʠʧʣʝʪʦʚ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ; ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʙʤʝʥʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʠʦʥʘʤʠʤʝʪʘʣʣʦʚ (CuII-CuII, CuII-DyIII , DyIII-DyIII) ʚ ʤʦʣʝʢʫʣʝ (ʯʪʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ 108ĿGd); ʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʥʠʞʝ 10 ʂ) ʭʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʵʬʬʝʢʪʦʤ ɿʝʝʤʘʥʘ[70]. 
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ʈʠʩʫʥʦʢ 51. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɢTʜʣʷ ʦʙʨʘʟʮʘ 108ĿDy.

ɺʳʚʦʜʳ

1. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʧʦʣʠʷʜʝʨʥʳʭ Cu-Ln

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ(Ln = Eu, Gd, Tb, Dy), ʚ ʪʦʤ ʯʠʩʣʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 18-ʷʜʝʨʥʳʭ Cu-Ln ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʘʥʘʣʦʛʦʚ 

{ Cu10Ho9}, { Cu12Gd6} ʠ {Cu36Gd24} ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʤ 

ʵʬʬʝʢʪʦʤ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʠʪʨʘʪ- ʠʣʠ ʢʘʨʙʦʥʘʪ-ʘʥʠʦʥʦʚ, ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʢ OH-ʛʨʫʧʧ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ 1D

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ {Cu2Eu} n ʠʣʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʝʪʨʘʷʜʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ {Cu2Ln2}. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ {Cu2Dy2} ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʘʛʥʠʪʘ (Ueff = 11.5 K (H= 1 ʢʕ)).

2. ʇʦʣʫʯʝʥʘ ʩʝʨʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ 1D ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [Ln(4-

phbz)3]n (Ln = Sm, Eu, Gd, Dy, Tb, Ho). ʅʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʘ [Eu(4-phbz)3]n

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʠʭ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦ 350 oʉ. ʄʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʧʦʣʠʤʝʨʘ [Gd(4-phbz)3]n ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ ʩʣʘʙʳʭ ʦʙʤʝʥʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ ʤʝʞʜʫ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʚ 

ʮʝʧʦʯʢʝ. ʂʦʤʧʣʝʢʩ [Dy(4-phbz)3]n ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʤʘʛʥʠʪʘ, ʟʥʘʯʝʥʠʝ ʙʘʨʴʝʨʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

Ueff = 5 K (H= 1 ʢʕ).

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ Ln-Cd ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [LnCd2(Piv)7(H2O)2]nĿnMeCN (Ln = Gd, Eu, Tb) 

ʠʟ ʧʠʚʘʣʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ.

4. ʇʨʝʜʣʦʞʝʥʦ ʜʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘ (ʦʙʤʝʥʥʘʷ ʨʝʘʢʮʠʷ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ N-ʜʦʥʦʨʥʳʭ ʣʠʛʥʘʜʦʚ ʠ ʟʘʤʝʱʝʥʠʝ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʦʚ ʚ 

ʧʨʝʜʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [Zn2Ln(NO3)(Õ-

piv)6(MeCN)2]) ʢ ʩʠʥʪʝʟʫ Zn-Ln ʢʦʤʧʣʝʢʩʦʚ ʦʙʱʝʛʦ ʩʦʩʪʘʚʘ [Zn2Ln(4-

phbz)6(NO3)(L)2]ĿxSolv (Ln = Eu, Gd, Tb; L = py, 2,3-lut, bpy).
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5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʦʥʳ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ (II) ʦʙʨʘʟʫʶʪ ʤʦʥʦ- ʠʣʠ ʙʠʷʜʝʨʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ [M(O2CR)2(L)] ʠʣʠ [M2(O2CR)4(L)2] ʩ ʠʦʥʘʤʠ 

ʧʠʚʘʣʠʥʦʚʦʡ ʠ 3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪ ʠ ʭʝʣʘʪʠʨʫʶʱʠʤʠ N,Nô-

ʠ N,Nô,Nôô-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ (L = bpy, phen, batho, neocup, bathocup, 

terpy). ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʷʜʝʨʥʦʩʪʴ ʧʠʚʘʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II) ʠ 

ʢʘʜʤʠʷ (II) ʩ bpyʠ bathoʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ 

ʧʫʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ.

6. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ (ET) ʘʥʠʦʥʘ 4-ʬʝʥʠʣʙʝʥʟʦʡʥʦʡ 

ʢʠʩʣʦʪʳ ʠʣʠ d-ʙʣʦʢʘ, ʯʘʩʪʴʶ ʢʦʪʦʨʦʛʦ ʦʥʘ ʷʚʣʷʝʪʩʷ, ʣʝʞʠʪ ʚ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ ʵʤʠʩʩʠʠ ʠʦʥʦʚ Eu3+ ʠ 

Tb3+. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʘ [Zn2Gd(4-

phbz)6(NO3)(py)2]ĿxSolv(Ln = Eu, Gd, Tb; L = py, 2,3-lut, bpy) ETʚʘʨʴʠʨʫʝʪʩʷ 

ʦʪ 22200 ʩʤ-1 ʜʣʷ [Zn2Gd(4-phbz)6(NO3)(bpy)2] ʜʦ 22500 ʩʤ
ï1 ʜʣʷ [Gd(4-

phbz)3]nʠ 22700 ʩʤ
-1ʜʣʷ [Zn2Gd(4-phbz)6(NO3)(py)2]. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ Ln-ʢ 

Zn2Ln-ʢʦʤʧʣʝʢʩʘʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʞʠʟʥʠ ʵʤʠʩʩʠʠ Eu3+ ʠ Tb3+, 

ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʷ Ln = Tb, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ 

ʩʣʝʜʩʪʚʠʠ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ, ʥʦ ʫʚʝʣʠʯʘʪʩʷ ʜʣʷ Ln = Eu, ʢʘʢ 

ʨʝʟʫʣʴʪʘʪʘ ʥʠʟʢʦʡ ʚʝʣʠʯʠʥʳ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʜʝʟʘʢʪʠʚʘʮʠʠ.
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ʇʨʠʣʦʞʝʥʠʷ

ɼʘʥʥʳʝ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʬʨʘʢʮʠʠ:
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ʈʠʩʫʥʦʢʇ1.ɼʘʥʥʳʝ ʧʦʨʦʰʢʦʚʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

84 ʠ 85, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʯʝʨʥʘʷ ʠʣʠ ʛʦʣʫʙʘʷ ʣʠʥʠʷ) ʠ ʨʘʩʩʯʠʪʘʥʥʳʝʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ), ʘ ʪʘʢʞʝ ʠʭ ʨʘʟʥʦʩʪʴ (ʩʝʨʘʷ 

ʣʠʥʠʷ). ɻʦʣʫʙʳʝ ʦʪʩʝʯʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʚ ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ.
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ʈʠʩʫʥʦʢ ʇ2.ɼʘʥʥʳʝ ʧʦʨʦʰʢʦʚʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

88,  89ʠ 90, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʠ ʨʘʩʩʯʠʪʘʥʥʳʝʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʯʝʨʥʘʷ ʣʠʥʠʷ).
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