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ʄʦʠʤ ʨʦʜʠʪʝʣʷʤ 

 

The Road goes ever on and on 

Down from the door where it began. 

Now far ahead the Road has gone, 

And I must follow, if I can, 

Pursuing it with eager feet, 

Until it joins some larger way 

Where many paths and errands meet. 

And whither then? I cannot say. 

 

J. R. R. Tolkien, 1967. 
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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

 

ɸʌʄ ï ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʣʠ ʩʦʩʪʦʷʥʠʝ) 

ʂCʕ ï ʢʣʘʩʪʝʨʥʳʝ ʩʢʝʣʝʪʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʄʆ ï ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ 

ʅɺʕ ï ʥʦʨʤʘʣʴʥʳʡ (ʩʪʘʥʜʘʨʪʥʳʡ) ʚʦʜʦʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ 

ʅʂʕ ï ʥʦʨʤʘʣʴʥʳʡ ʢʘʣʦʤʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ 

ʇʆʄ ï ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʳ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ ʉ4H8O 

ʊʕʆʉ ï ʪʝʪʨʘʵʪʠʣʦʨʪʦʩʠʣʠʢʘʪ 

ʌʄ ï ʬʝʨʨʦʤʘʛʥʠʪʥʦʝ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʣʠ ʩʦʩʪʦʷʥʠʝ) 

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʕʉʇ ï ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ 

 

acac ï ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ C5H7O2
ī
 

adc ï ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

bdt ï 1,2-ʙʝʥʟʦʜʠʪʠʦʣʘʪ 

bpy ï 2,2ô-ʙʠʧʠʨʠʜʠʥ C10H8N2 

btd ï 2-ʙʫʪʠʥ-1,4-ʜʠʦʣ 

BEST ï ʙʠʩ(ʵʪʠʣʝʥʜʠʩʝʣʝʥʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

BEDT ï ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

(C3H5)2cat ï 3,6-ʜʠʘʣʣʠʣʢʘʪʝʭʦʣʘʪ 

CID  ï ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʩʪʦʣʢʥʦʚʝʥʠʝʤ ʜʠʩʩʦʮʠʘʮʠʷ, Collision-Induced Dissociation 

COD ï 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ C8H12 

COE ï ʮʠʢʣʦʦʢʪʝʥ, C8H14 

Cp ï ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ ʉ5H5
ī
 

Cp*  ï ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ ʉ5Me5
ī
 

Cp'  ï ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ C5H4Me
ī
 

CCDC ï ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ 

Cys ï ʮʠʩʪʝʠʥ 

dba ï ʜʠʙʝʥʟʠʣʠʜʝʥʘʮʝʪʦʥ 

dbbpy ï 4,4ô-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-2,2ô-ʙʠʧʠʨʠʜʠʥ ʉ18H24N2 
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DFT ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

dhbupe ï 1,2-ʙʠʩ(ʙʠʩ(ʛʠʜʨʦʢʩʠ-ʥ-ʙʫʪʠʣ)ʬʦʩʬʠʥʦ)ʵʪʘʥ 

dhmpe ï 1,2-ʙʠʩ(ʙʠʩ(ʛʠʜʨʦʢʩʠʤʝʪʠʣ)ʬʦʩʬʠʥʦ)ʵʪʘʥ 

dhprpe ï 1,2-ʙʠʩ(ʙʠʩ(ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ)ʬʦʩʬʠʥʦ)ʵʪʘʥ 

dmad ï ʜʠʤʝʪʠʣʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʢʩʠʣʘʪ 

dmbpy ï 4,4'-ʜʠʤʝʪʠʣ-2,2'-ʙʠʧʠʨʠʜʠʥ C12H12N2 

dmdcbpy ï 4,4'-ʜʠʤʝʪʠʣʜʠʢʘʨʙʦʢʩʠʣʘʪʦ-2,2'-ʙʠʧʠʨʠʜʠʥ C14H12N2O4 

dmen ï N, N'-ʜʠʤʝʪʠʣʵʪʠʣʝʥʜʠʘʤʠʥ 

dmid ï 1,3-ʜʠʪʠʘ-2-ʦʥ-4,5-ʜʠʪʠʦʣʘʪ 

dmit  ï 1,3-ʜʠʪʠʘ-2-ʪʠʦʥ-4,5-ʜʠʪʠʦʣʘʪ 

Dmp ï 2,6-(ʤʝʟʠʪʠʣ)2C6H3 

dmpe ï 1,2-ʙʠʩ(ʜʠʤʝʪʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ C6H16P2 

dmphen ï 5,6-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ C14H12N2 

dnbpy ï 4,4ô-ʜʠʥʦʥʠʣ-2,2ô-ʙʠʧʠʨʠʜʠʥ ʉ28H44N2 

dpe ï 1,2-ʜʠʬʦʩʬʠʥʦʵʪʘʥ; 

dppe ï 1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ C26H24P2 

dsit ï 1,3-ʜʠʪʠʘ-2-ʪʠʦʥ-4,5-ʜʠʩʝʣʝʥʦʣʘʪ 

dtc ï ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ 

dtp ï ʜʠʵʪʠʣʜʠʪʠʦʬʦʩʬʘʪ, (EtO)2PS2
-
 

edpp ï (2-ʘʤʠʥʦʵʪʠʣ)ʜʠʬʝʥʠʣʬʦʩʬʠʥ 

ep ï ʵʪʠʣʧʨʦʧʠʦʣʘʪ 

ESI-MS ï ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ ʨʘʩʧʳʣʝʥʠʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 

ELF  ï ʬʫʥʢʮʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

Fc ï ʬʝʨʨʦʮʝʥ, Cp2Fe 

HDS ï ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ 

HDF ï ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠe 

HDN ï ʛʠʜʨʦʜʝʘʟʦʪʠʨʦʚʘʥʠʝ 

HDO ï ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʷ 

HDM  ï ʛʠʜʨʦʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ 

HER ï ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ 

Hntʘ ï ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʥʠʪʨʠʣʦʪʨʠʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

ʅʄɺʉ ï ʛʝʪʝʨʦʷʜʝʨʥʘʷ ʤʥʦʛʦʩʚʷʟʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

HOMO  ï ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

Hpts ï ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

HSQC ï ʛʝʪʝʨʦʷʜʝʨʥʘʷ ʦʜʥʦʢʚʘʥʪʦʚʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 
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LUMO  ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

mnt ï ʤʘʣʝʦʥʠʪʨʠʣʜʠʪʠʦʣʘʪ 

MPTES ï (3-ʤʝʨʢʘʧʪʦʧʨʦʧʠʣ)ʪʨʠʵʪʦʢʩʠʩʠʣʘʥ 

NHC ï ʟʘʤʝʱʝʥʥʳʝ ʚ 1,3-ʧʦʣʦʞʝʥʠʷ ʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥʳ 

nor ï ʥʦʨʙʦʨʥʝʥ 

nta ï ʥʠʪʨʠʣʦʪʨʠʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

OAc ï ʘʮʝʪʘʪ, CH3COO
-
 

OTs ï p-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ 

p-cymene ï 1-ʤʝʪʠʣ-4-(1-ʤʝʪʠʣʵʪʠʣ)ʙʝʥʟʦʣ 

PCy3 ï ʪʨʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥ 

PhA ï ʬʝʥʠʣʘʮʝʪʠʣʝʥ 

PrA  ï ʧʨʦʧʘʨʛʠʣʦʚʳʡ ʩʧʠʨʪ 

pts
-
 ï ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ 

py ï ʧʠʨʠʜʠʥ, C5H5N 

py5Me2 ï 2,6-ʙʠʩ(1,1-ʙʠʩ(2-ʧʠʨʠʜʠʣ)ʵʪʠʣ)ʧʠʨʠʜʠʥ 

phen ï 1,10-ʬʝʥʘʥʪʨʦʣʠʥ C12H8N2 

tacn ï 1,4,7-ʪʨʠʘʟʘʮʠʢʣʦʥʦʥʘʥ 

TCNQ ï 7,7,8,8-ʪʝʪʨʘʮʠʘʥʦʭʠʥʦʤʝʪʘʥ 

tdas ï 1,2,5-ʪʠʘʜʠʘʟʦʣ-3,4-ʜʠʪʠʦʣʘʪ 

tdci ï ʮʠʩ-1,3,5-ʪʨʠʩ(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʠʥʦʟʠʪʦʣ 

tfd  ï ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)-1,2-ʜʠʪʠʦʣʘʪ 

TON ï ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ - ʯʠʩʣʦ ʤʦʣʝʡ ʩʫʙʩʪʨʘʪʘ, ʧʨʝʚʨʘʱʝʥʥʳʭ ʦʜʥʠʤ ʤʦʣʝʤ ʢʘʪʘʣʠʟʘʪʦ-

ʨʘ ʜʦ ʝʛʦ ʠʥʘʢʪʠʚʘʮʠʠ.  

TOF ï ʯʘʩʪʦʪʘ ʦʙʦʨʦʪʘ - ʯʠʩʣʦ ʤʦʣʝʡ ʩʫʙʩʪʨʘʪʘ, ʧʨʝʚʨʘʱʝʥʥʳʭ ʦʜʥʠʤ ʤʦʣʝʤ ʢʘʪʘʣʠʟʘ-

ʪʦʨʘ ʚ ʩʝʢʫʥʜʫ. 

Tp ï ʪʨʠʩ(ʧʠʨʘʟʦʣʠʣ)ʛʠʜʨʦʙʦʨʘʪ(1-) 

tpy ï 2,2',6',2''-ʪʝʨʧʠʨʠʜʠʥ C15H11N3 

TRISPHAT  ï ʪʨʠʩ(ʪʝʪʨʘʭʣʦʨʦʢʘʪʝʭʦʣʘʪ)ʬʦʩʬʦʨʘ(V) 

tʩc ï ʪʝʪʨʘʭʣʦʨʦʢʘʪʝʭʦʣʘʪ 

TTF  ï 3,4-ʜʠʤʝʪʠʣ-3,4-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

tu ï ʪʠʦʤʦʯʝʚʠʥʘ 

ZFS ï ʨʘʩʱʝʧʣʝʥʠʝ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʂʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʠʤʠʥʘ-

ʤʠ, ʪʘʢʠʤʠ ʢʘʢ 2,2'-ʙʠʧʠʨʠʜʠʥ (bpy), 1,10-ʬʝʥʘʥʪʨʦʣʠʥ (phen) ʠ ʠʭ ʘʥʘʣʦʛʠ, ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘ-

ʤʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʯʠʥʘʷ ʩ 1970-ʭ ʛʦʜʦʚ. ʕʪʦʪ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ʦʙʣʘʜʘʝʪ 

ʫʥʠʢʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʩʪʨʫʢʪʫʨʥʳʭ, ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʜʦʩʪʫʧʥʦʩʪʴ ʥʠʟʢʦʣʝʞʘʱʠʭ ˊ*-ʦʨʙʠʪʘʣʝʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʠʣʴʥʳʝ ˊ-ʘʢʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ 

ʣʠʛʘʥʜʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʚ ʥʠʟʰʠʭ ʩʪʝʧʝʥʷʭ 

ʦʢʠʩʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʘʣʣʦʚ ʩ ʵʪʠʤʠ ʜʠʠʤʠʥʘʤʠ ʯʘʩʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʧʝʨʝʥʦʩ 

ʟʘʨʷʜʘ ʩ ʤʝʪʘʣʣʘ ʥʘ ʣʠʛʘʥʜ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʬʣʫʦʨʝʩʮʝʥʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [1]. ɽʱʝ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʠʭ ʣʠ-

ʛʘʥʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʘ ʠʤʝʥʥʦ,  

ʚ ʥʝʡʪʨʘʣʴʥʦʤ, ˊ-ʨʘʜʠʢʘʣʴʥʦʤ ʤʦʥʦʘʥʠʦʥʥʦʤ ʠ ʜʠʘʤʘʛʥʠʪʥʦʤ ʜʠʘʥʠʦʥʥʦʤ. ʅʘʧʨʠʤʝʨ, ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʭʨʦʤʘ(III) [Cr(bpy)3]
3+

 ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʢʦʤʧʣʝʢʩʦʚ [Cr(bpy)3]
2+

/
1+

/
0
, ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʭʨʘʥʷʝʪʩʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʭʨʦʤʘ, ʘ ʙʠʧʠʨʠʜʠʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ 

ʬʦʨʤʝ [2]. ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ 6 ʛʨʫʧʧʳ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʜʠʠʤʠʥʘʤʠ, [M(dmbpy)3] ʠ [ʄ(tpy)2] (M = Cr, Mo ʠ W; dmbpy = 4,4'-ʜʠʤʝʪʠʣ-2,2'-ʙʠʧʠʨʠʜʠʥ ʠ 

tpy = 2,2',6',2''-ʪʝʨʧʠʨʠʜʠʥ) ʙʳʣʠ ʦʧʠʩʘʥʳ ʛʨʫʧʧʦʡ ɺʠʛʭʘʨʜʪʘ [3,4]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ  

ʩ 2,2'-ʙʠʧʠʨʠʜʠʥʦʤ, 1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʠʭ ʘʥʘʣʦʛʘʤʠ, ʧʨʠʤʝʨʦʚ ʢʦʦʨʜʠʥʘʮʠʠ ʵʪʠʭ ʣʠʛʘʥʜʦʚ 

ʢ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤ ʢʣʘʩʪʝʨʘʤ ʥʝ ʪʘʢ ʤʥʦʛʦ, ʘ ʜʠʠʤʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥ-

ʥʦʛʦ ʠ ʚʘʞʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ {M3Q4} ʠ {M3Q4M'} ʠ ʚʦʚʩʝ ʥʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ 

ʜʦ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. ʉ ʫʯʝʪʦʤ ˊ-ʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʨʦʜʳ ʵʪʠʭ ʣʠʛʘʥʜʦʚ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʠʭ 

ʢʦʦʨʜʠʥʘʮʠʷ ʢ ʢʣʘʩʪʝʨʘʤ {M3Q4} ʠ {M3Q4M'} ʧʦʚʣʠʷʝʪ ʥʘ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ 

ʠ ʧʦʷʚʷʪʩʷ ʥʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʝʜʦʢʩ-ʧʦʚʝʜʝʥʠʷ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʜʨʫʛʠʭ  

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʣʫʯʝʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ 

ʜʠʠʤʠʥʘʤʠ ʨʷʜʘ ʜʠʧʠʨʠʜʠʣʘ ʠ ʬʝʥʘʥʪʨʦʣʠʥʘ.  

ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ:  

ʘ) ʩʠʥʪʝʟ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ {M3S4}
4+

 (M = Mo, W) ʠ ʠʭ ʛʝʪʝʨʦ-

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ {M3S4M'}
4+

 (M' = Cu
I
, Ni

0
, Pd

0
) ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝ-

ʩʢʠʤʠ ʜʠʠʤʠʥʘʤʠ (phen, bpy, dmbpy, dbbpy = 4,4'-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-2,2ô-ʙʠʧʠʨʠʜʠʥ ʠ dnbpy = 

4,4'-ʜʠ-ʥʦʥʠʣ-2,2ô-ʙʠʧʠʨʠʜʠʥ);  

ʙ) ʠʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ;  
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ʚ) ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʦ-ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʣʫʯʝʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʩ ʘʣʢʠʥʘʤʠ, ʛʘʣʦʛʝʥʠʜʘʤʠ, ʪʠʦʮʠʘʥʘʪʦʤ, Cu
+
 

ʛ) ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʘʢʮʠʷʭ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ 13 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʣʘʩʪʝʨʥʳʤ 

ʷʜʨʦʤ {M 3S4}
4+

 (M = Mo, W) ʠ 6 ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʷʜʨʦʤ {M3S4M'}
4+

 (M' = Cu
I
, Ni

0
, Pd

0
), ʩʦ-

ʜʝʨʞʘʱʠʭ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʜʠʠʤʠʥʳ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ 

[ʄʦ3S4(tu)8(H2O)]Cl4Ŀ4H2O ʠ [W3S4(tu)8(H2O)]Cl4Ŀ2H2O (tu = ʪʠʦʤʦʯʝʚʠʥʘ) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʜʦʩʪʫʧʥʳʝ ʠ ʫʜʦʙʥʳʝ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ {M3S4}
4+ 

ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʛʠʙʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ [Mo3S4Cl3(L)3PdC60]
+
 

ʠ [{Mo3S4Cl3(L)3Pd}2C60]
2+
, ʩʦʜʝʨʞʘʱʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʢ ʧʘʣʣʘʜʠʶ ʬʫʣʣʝʨʝʥ C60 ï 

ʧʝʨʚʳʝ ʧʨʠʤʝʨʳ ʢʦʦʨʜʠʥʘʮʠʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʢ ʬʫʣʣʝʨʝʥʫ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠ-

ʠʤʠʥʳ ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʥʝ-ʠʥʥʦʮʝʥʪʥʳʝ ʠ ʚʤʝʩʪʝ ʩ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʤ 

ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʂʦʤʧʣʝʢʩʳ [Mo3S4Cl3(dbbpy)3]
+
 ʠ [Mo3S4Cl3(dnbpy)3]

+
 

ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʩ ʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʘʥʠʣʠʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʧʣʝʢʩ [Mo3S4Cl3(dbbpy)3]
+
, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʯʘʩʪʠʮʳ TiO2, 

ʦʙʣʘʜʘʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ [ʄʦ3S4Cl3(dbbpy)3]
+
 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʘʣʢʠʥʘʤʠ ʧʦ 

ʤʝʭʘʥʠʟʤʫ [3+2]-ʮʠʢʣʦʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ [ʄʦ3S2(S2C2R2)Cl3(dbbpy)3]
+
 

ʩ ʦʜʥʠʤ ʜʠʪʠʦʣʝʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ [Mo3S4(CuCl)Cl3(dbbpy)3]
+
 ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʢʠʥʝʪʠʢʘ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʜʥʦʡ ʨʘʙʦʪʳ, ʨʘʥʝʝ ʥʝ ʠʟʫʯʘʣʘʩʴ. ʅʘʡʜʝʥʘ ʥʝ-

ʦʙʳʯʥʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ [Mo3S4(CuCl)Cl3(dbbpy)3][CuCl2] ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʛʘʣʦʛʝʥʠʜʘʤ ʠ SCN
-
, ʩʚʷʟʘʥʥʘʷ ʩ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʬʨʘʛʤʝʥʪʘ CuCl ʦʪ ʢʣʘʩʪʝʨʘ ʠ ʦʙʨʘʟʦʚʘʥʠ-

ʝʤ [ʄʦ3S4Cl3(dbbpy)3]
+
. ʋʩʪʘʥʦʚʣʝʥʦ ʚʘʞʥʦʝ ʫʯʘʩʪʠʝ ʘʥʠʦʥʘ [CuCl2]

-
 ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ.  

ʄʝʪʦʜʦʣʦʛʠʷ ʨʘʙʦʪʳ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʠ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʡ ʭʠʤʠʠ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʲ̫ ʜʝʨʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʆʩ-

ʥʦʚʥʦʡ ʯʘʩʪʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚʳʨʘʱʠʚʘʥʠʝ ʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʝ 

ʦʙʨʘʟʮʦʚ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʣʷ ʜʦ-

ʩʪʦʚʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦ-

ʜʳ: ʈʉɸ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ (ʈʌɸ) ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟʳ (CHN), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘ-

ʣʠʟ (ʊɻɸ), ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ 

(ʕʉʇ), ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʷʜʨʘʭ 
1
H, 

13
C, 

19
F, 

31
P ʠ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʗʄʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘ ʷʜʨʘʭ 
1
H ʠ 

13
C, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ ʨʘʩʧʳʣʝʥʠʝʤ ʚ ʵʣʝʢʪʨʠʯʝ-
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ʩʢʦʤ ʧʦʣʝ (ESI-MS). ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ) ʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT). ʂʠʥʝʪʠʢʦ-ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʋʥʠʚʝʨʩʠʪʦʤ ʂʘʜʠʩʘ (ʀʩʧʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʦʩʪʘʥʦʚ-

ʣʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʕʉʇ, ʘ ʪʘʢʞʝ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ. ʀʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʭʦʜʠʣʦ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʀʂ ʉʆ ʈɸʅ  

ʠ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʍʘʡʤʝ I (ʀʩʧʘʥʠʷ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ ʦ ʩʧʦʩʦʙʘʭ ʧʦʣʫʯʝʥʠʷ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʵʣʝʢʪʨʦʥʥʦʤ ʩʪʨʦʝ-

ʥʠʠ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠ ʢʠʥʝʪʠʢʦ-

ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ Mo ʠ W 

ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʠʤʠʥʘʤʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠʟ ʣʘʙʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ [ʄ3S4(tu)8(H2O)]Cl4 ʥʦʩʠʪ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʰʠʨʦʢʠʤ 

ʥʘʙʦʨʦʤ ʜʨʫʛʠʭ ʣʠʛʘʥʜʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʜʠʠʤʠ-

ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɼʘʥʥʳʝ ʦ ʨʝʘʢʮʠʦʥ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʢʠʥʘʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʦʨʝ-

ʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʫʪʷʭ ʘʢʪʠʚʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ ʥʘ ʤʝʪʘʣʣ-ʩʫʣʴʬʠʜʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ 

ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (CCDC) ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʤʠʨʦʚʦʡ ʥʘʫʯʥʦʡ ʦʙʱʝ-

ʩʪʚʝʥʥʦʩʪʠ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

¶ ʜʘʥʥʳʝ ʧʦ ʤʝʪʦʜʘʤ ʩʠʥʪʝʟʘ, ʩʪʨʦʝʥʠʶ ʠ ʵʣʝʢʪʨʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʣʝʢʩʦʚ 

[Mo3S4(dmbpy)(dtp)2(OOʉCH3)Cl]ȚʉHCl3 (dtp = ʜʠʵʪʠʣʜʠʪʠʦʬʦʩʬʘʪ, (EtO)2PS2
-
), 

[M 3S4Cl3L3]ɸ ʠ [M 3S4M'XCl 3L3]ɸ (M = Mo, W; M' = Cu
I
, Ni

0
, Pd

0
; L = phen, bpy, dnbpy, 

dbbpy; ʍ = tu, Cl; ɸ = Cl
-
, CuCl2

-
, PF6

-
) ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʠʤʠʥʘʤʠ; 

¶ ʜʘʥʥʳʝ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ [Mʦ3S4Cl3L3]
+
 (L = dnbpy, dbbpy) c ʢʦʤʧʣʝʢʩʦʤ 

Pd
0
 ʠ ʬʫʣʣʝʨʝʥʦʤ C60; 

¶ ʜʘʥʥʳʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʘʤʠ ʈʉɸ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, 

ʀʂ-, ʗʄʈ- ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ, ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠ-

ʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; 

¶ ʜʘʥʥʳʝ ʦ ʨʝʜʦʢʩ-ʧʦʚʝʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 
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¶ ʜʘʥʥʳʝ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4Cl3(dbbpy)3]
+
  

ʠ [Mo3S4Cl3(dnbpy)3]
+
 ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ ʠ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ; 

¶ ʜʘʥʥʳʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʠʥʝʪʠʢʦ-ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʦʤʧʣʝʢ-

ʩʘ [Mo3S4Cl3(dbbpy)3]
+
 ʩ ʘʣʢʠʥʘʤʠ ʠ ʢʦʤʧʣʝʢʩʦʤ Cu(I), ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʡ 

[Mo3S4(CuCl)Cl3(dbbpy)3][CuCl2] ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ ʠ SCN
-
. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɸʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥʘ ʚʩʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ (ʨʘʟʨʘʙʦʪʢʘ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʠ ʚʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʈʉɸ). ɿʘʧʠʩʴ ʕʉʇ, ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ 

ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠʩʴ ʜʠʩʩʝʨʪʘʥʪʦʤ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʚʳʧʦʣʥʝʥ ʘʚʪʦʨʦʤ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫ-

ʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʙʩʫʞʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʤʘʪʝ-

ʨʠʘʣʦʚ ʜʣʷ ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝ-

ʨʝʥʮʠʷʭ: VII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ "ʂʣʘ-

ʩʪʝʨ ï 2012" (ʅʦʚʦʩʠʙʠʨʩʢ, 2012), Second EuCheMS Inorganic Chemistry Conference (ʀʝʨʫʩʘʣʠʤ, 

2013), ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦʩʚʷʱʝʥʥʘʷ ʧʘʤʷʪʠ ʧʨʦʬʝʩʩʦʨʘ ʉ.ɺ. ɿʝʤʩʢʦʚʘ 

"ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ" (ʅʦʚʦʩʠʙʠʨʩʢ, 2013), IV
th
 

International Workshop on Transition Metal Clusters (ʅʦʚʦʩʠʙʠʨʩʢ, 2014), XXVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʏʫʛʘʝʚʩʢʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ʧʦ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʍʠʤʠʠ (ʂʘʟʘʥʴ, 2014), Japan-Russia Workshop on 

Advanced Materials Synthesis Process and Nanostructure (ʉʝʥʜʘʡ, 2015), ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦ-

ʣʦʜʳʭ ʫʯʝʥʳʭ "ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ" (ʅʦʚʦʩʠʙʠʨʩʢ, 

2015), 42
nd

 Intenational Conference on Coordination Chemistry ICCC2016 (ɹʨʝʩʪ, ʌʨʘʥʮʠʷ, 2016) ʠ 

ʩʝʤʠʥʘʨʝ CLUSPOM-1 (ʈʝʥʥ, ʌʨʘʥʮʠʷ, 2016). 

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ (2 ʩʪʘʪʴʠ) ʠ ʤʝʞʜʫʥʘ-

ʨʦʜʥʳʭ (3 ʩʪʘʪʴʠ) ʞʫʨʥʘʣʘʭ. ɺʩʝ ʞʫʨʥʘʣʳ ʚʭʦʜʷʪ ʚ ʩʧʠʩʢʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʙʘʟʘʤʠ ʜʘʥʥʳʭ Web 

of Science ʠ Scopus. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʝʟʠʩʘʭ ʜʝʚʷʪʠ ʜʦʢʣʘʜʦʚ.  

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 195 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 116 ʨʠ-

ʩʫʥʢʦʚ ʠ 11 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘ-

ʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (309 ʠʩʪʦʯʥʠʢʦʚ).  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʤʢʘʭ ʧʣʘʥʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ 

ʀʅʍ ʉʆ ʈɸʅ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ (12-03-00305, 12-03-33028 ʠ 15-03-02775)  

ʠ ʛʨʘʥʪʘ ʢʦʤʧʘʥʠʠ Haldor Topsße. 
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ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʩʚʷʱʝʥ ʪʨʝʫʛʦʣʴʥʳʤ ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʫʙʘʥʦʚʳʤ ʭʘʣʴʢʦ-

ʛʝʥʠʜʥʳʤ ʢʣʘʩʪʝʨʘʤ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʫʩʪʦʡʯʠʚʫʶ ʛʨʫʧʧʫ ʠʟ ʪʨʝʭ ʠʣʠ ʯʝ-

ʪʳʨʝʭ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʩʚʷʟʘʥʥʳʭ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʭʘʣʴʢʦʛʝʥʘ (ʯʘʱʝ ʚʩʝʛʦ ʩʝʨʳ). ʆʩʪʘʣʴ-

ʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʤʝʩʪʘ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʟʘʥʠʤʘʶʪ ʪʝʨʤʠʥʘʣʴʥʳʝ ʣʠʛʘʥʜʳ (ʨʠʩ. 1). ʅʘʠʙʦ-

ʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ: "ʭʘʣʴʢʦʛʝʥ-ʥʘʩʳʱʝʥʥʳʝ" ʢʣʘʩʪʝʨʳ 

{M 3Q7}
4+

 ʩ ʪʨʝʤʷ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠ "ʭʘʣʴʢʦʛʝʥ-ʥʝʥʘʩʳʱʝʥʥʳʝ" 

ʢʣʘʩʪʝʨʳ {M3Q4}
4+

 ʩ ʤʦʥʦʭʘʣʴʢʦʛʝʥʠʜʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 1ʘ ʠ 1ʚ). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʧʨʷʤʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ, ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʶʪ ʪʨʝʫʛʦʣʴʥʠʢ. ɻʝʪʝʨʦʤʝʪʘʣʣʠ-

ʯʝʩʢʠʝ ʢʫʙʘʥʦʚʳʝ ʢʣʘʩʪʝʨʳ {M3Q4M'}
n+

 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʜʫʢʪ ʢʦʦʨʜʠʥʘʮʠʠ ʭʘʣʴ-

ʢʦʬʠʣʴʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʠʣʠ ʧʦʩʪʧʝʨʝʭʦʜʥʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʘ M' (ʚ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ)  

ʢ ʪʨʝʫʛʦʣʴʥʦʤʫ ʦʩʪʦʚʫ {M3Q4}
4+

 (ʨʠʩ. 1ʙ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʢʣʘʩʪʝʨ, 

ʚ ʢʦʪʦʨʦʤ ʘʪʦʤ ʛʝʪʝʨʦʤʝʪʘʣʣʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʪʨʝʤʷ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʠ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʦʙʨʘʟʫʝʪ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʩ ʜʨʫʛʠʤʠ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ; ʢʦʣʠʯʝʩʪʚʦ ʚʘʢʘʥʪ-

ʥʳʭ ʤʝʩʪ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ ʢ ʛʝʪʝʨʦʤʝʪʘʣʣʫ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʧʨʠʨʦʜʳ. ɸʪʦʤʳ ʤʦʣʠʙʜʝʥʘ 

ʠʣʠ ʚʦʣʴʬʨʘʤʘ ʠʤʝʶʪ (ʙʝʟ ʫʯʝʪʘ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ) ʠʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ 

ʠʟ ʪʨʝʭ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʠ ʪʨʝʭ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʍʠʤʠʷ ʵʪʠʭ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʥʦ- ʠ ʧʦʣʠʜʝʥʪʘʪʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʥʘʯʘʣʘ 80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯ-

ʥʳʭ ʮʝʥʪʨʘʭ ʤʠʨʘ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʘʣʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠ ʜʣʷ 

ʀʅʍ ʉʆ ʈɸʅ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʀʅʍ ʉʆ ʈɸʅ ʟʘʱʠʱʝʥʦ ʙʦʣʝʝ 10 ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ ʜʦʢ-

ʪʦʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ (ʄ. ʅ. ʉʦʢʦʣʦʚ, "ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʝʫʛʦʣʴʥʳʭ 

ʢʣʘʩʪʝʨʥʳʭ ʪʠʦ- ʠ ʩʝʣʝʥʦʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ", 1992, ʢʘʥʜʠʜʘʪʩʢʘʷ, "ʍʘʣʴʢʦʛʝ-

ʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʥʠʦʙʠʷ, ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʥʘ ʠʭ ʦʩʥʦ-

ʚʝ", 2003, ʜʦʢʪʦʨʩʢʘʷ; ɺ. ʇ. ʌʝʜʠʥ, "ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʠʦ- ʠ ʩʝʣʝʥʦʢʦʤ-

ʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ", 1994, ʜʦʢʪʦʨʩʢʘʷ; ɼ. ʅ. ɼʳʙʮʝʚ, "ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨ-

ʥʳʝ ʢʦʤʧʣʝʢʩʳ Mo ʠ W ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ", 2002, ʢʘʥʜʠʜʘʪʩʢʘʷ;  

ɼ. ɻ. ʉʘʤʩʦʥʝʥʢʦ, "ʉʠʥʪʝʟ ʠ ʩʪʨʦʝʥʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʫʢʫʨʙʠʪʫʨʠʣʘ ʩ ʤʦʥʦ- ʠ 

ʧʦʣʠʷʜʝʨʥʳʤʠ ʘʢʚʘʢʦʤʧʣʝʢʩʘʤʠ ʤʝʪʘʣʣʦʚ", 2002, ʢʘʥʜʠʜʘʪʩʢʘʷ; ɽ. ɺ. ʏʫʙʘʨʦʚʘ, "ʉʠʥʪʝʟ, ʩʪʨʦ-

ʝʥʠʝ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʝʫʛʦʣʴʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘ-

ʤʘ ʠ ʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ", 2005, ʢʘʥʜʠʜʘʪʩʢʘʷ; ɸ. ʃ. ɻʫʱʠʥ, "ʉʠʥ-

ʪʝʟ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʥʪʘʣʘ, ʤʦʣʠʙ-

ʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ", 2007, ʢʘʥʜʠʜʘʪʩʢʘʷ; ʇ. ɸ. ʇʝʪʨʦʚ, "ʇʘʨʘʤʘʛʥʠʪʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʪʨʝ-

ʫʛʦʣʴʥʳʝ ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʩ ʜʠʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ : ʩʠʥʪʝʟ, ʩʪʨʦ-

ʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ", 2010, ʢʘʥʜʠʜʘʪʩʢʘʷ; ʇ. ɸ. ɸʙʨʘʤʦʚ, "ʅʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʭʘʣʴʢʦʛʝʥʠʜ-



14 

 

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ 6-9 ʛʨʫʧʧ", 2010, ʢʘʥʜʠʜʘʪʩʢʘʷ; ɸ. ɺ. ɺʠʨʦʚʝʮ, "ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ 

ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ 

{M 3X7}
4+

 ʠ {M3X4}
4+

 (M = Mo, W, X = S, Se)", 1993, ʢʘʥʜʠʜʘʪʩʢʘʷ, "ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʭʘʣʴʢʦʛʝ-

ʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Mo, W, Re, Nb, Ta, ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʩʫʧʨʘʤʦʣʝ-

ʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ", 2013, ʜʦʢʪʦʨʩʢʘʷ; ʀ. ɺ. ʂʘʣʠʥʠʥʘ, "ʉʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʘ ʠ 

ʩʚʦʡʩʪʚʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ, ʪʘʥʪʘʣʘ, ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ", 

2001, ʢʘʥʜʠʜʘʪʩʢʘʷ), ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʩʚʷʟʘʥʳ ʩ ʭʠʤʠʝʡ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘ-

ʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʧʫʙʣʠʢʦʚʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʙʟʦʨʥʳʝ ʩʪʘʪʴʠ ʠ ʛʣʘʚʳ ʚ ʢʥʠʛʘʭ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ ʭʠʤʠʠ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ (ʤʝʪʦʜʘʤ ʩʠʥʪʝʟʘ, ʠʟʫʯʝʥʠʶ ʩʪʨʦʝʥʠʷ 

ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ) [5ï10]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ  

ʠ ʧʦʠʩʢʦʤ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʟʘʪʨʦʥʫʪʳ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʣʠʰʴ ʬʨʘʛʤʝʥ-

ʪʘʨʥʦ. ʆʪʯʘʩʪʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʯʘʣʦʩʴ 

ʪʦʣʴʢʦ ʚ 2000-ʭ ʛʦʜʘʭ. ʂ ʧʨʠʤʝʨʫ, ʠʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʥʘʯʘʣʦʩʴ ʣʠʰʴ ʚ ʢʦʥʮʝ 2000-ʭ - ʥʘʯʘʣʝ 2010-ʭ ʛʦʜʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ, ʢʘʩʘʶʱʝʛʦʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʢʣʘ-

ʩʪʝʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʡ ʧʦʢʘ ʥʝ ʙʳʣ ʩʠʩʪʝʤʘʪʠʟʠʨʦ-

ʚʘʥ ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʦʙʟʦʨʳ ʜʠʩʩʝʨʪʘʮʠʡ. ʇʦʵʪʦʤʫ ʦʜʥʘ ʠʟ ʟʘʜʘʯ 

ʥʘʩʪʦʷʱʝʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʟʘʧʦʣʥʠʪʴ ʵʪʫ ʥʠʰʫ. ɺ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʦʙʟʦʨʘ ʩʦʙʨʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʠ ʤʘʛ-

ʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʢʣʘʩʪʝʨʦʚ. ɺ ʜʨʫʛʦʤ ʨʘʟʜʝʣʝ ʩʫʤʤʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʤʝʭʘʥʠʟʤʘʤ ʨʝʘʢʮʠʡ  

ʩ ʫʯʘʩʪʠʝʤ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʯʘʣʦʩʴ ʝʱʝ ʚ 80-ʭ ʛʦʜʘʭ (ʨʘʙʦʪʳ ʧʨʦʬ.  

ɼ. ʉʘʡʢʩʘ), ʵʪʦʪ ʘʩʧʝʢʪ ʭʠʤʠʠ ʪʘʢʞʝ ʤʘʣʦ ʟʘʪʨʘʛʠʚʘʣʩʷ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʚ ʜʨʫʛʠʭ ʦʙʟʦʨʘʭ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʡ ʫʧʦʨ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʩʜʝʣʘʥ ʥʘ ʨʘʙʦʪʳ ʧʦʩʣʝʜʥʠʭ 15 ʣʝʪ, ʢʘʩʘʶ-

ʱʠʝʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʫʣʴʬʠʜʥʳʤ ʢʣʘʩʪʝʨʘʤ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʠ ʜʦʩʪʫʧʥʳʤ.  
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ʈʠʩ. 1. ʂʣʘʩʪʝʨʥʳʝ ʷʜʨʘ {M3Q4}, {M 3Q4M'} ʠ {M3Q7}  

 

1. 1. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʪʨʝʭʲ-

ʷʜʝʨʥʳʭ ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ Mo ʠ W, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʧʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ) ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ, ʫʜʝʰʝʚʣʝʥʠʶ, ʧʦʚʳʰʝʥʠʶ ʩʧʝʮʠʬʠʯʥʦ-

ʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʝʛʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʨʠ ʟʘʤʝʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʳʭ ʤʝʪʘʣʣ-ʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʳ. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩʫʤʤʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʘʭ 

1 ʠ 2. 

1. 1. 1. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

1. 1. 1. 1. ɻʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʝ ʧʝʨʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʈʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʠ ʘʛʨʦʭʠʤʠʢʘʪʳ ʩʧʨʦ-

ʚʦʮʠʨʦʚʘʣ ʠʥʪʝʥʩʠʚʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʨʘʟʣʠʯʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʝʛʢʦ-

ʜʦʩʪʫʧʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [11,12]. ʉʝʣʝʢʪʠʚʥʦʝ ʫʜʘʣʝʥʠʝ ʘʪʦʤʦʚ 

ʬʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʪʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦ-

ʜʫʢʪʦʚ ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ [13]. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʥʘʠʙʦʣʝʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʉ-F ʩʚʷʟʠ ʥʘ ʩʚʷʟʴ ʉ-ʅ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʷ 

(HDF) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ [14]. ʆʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ ʨʝʘʢʮʠʡ, ʦʧʠʩʘʥʥʳʭ ʜʣʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʮʝʩʩʘ HDF, 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʤʝʥ ʚʦʜʦʨʦʜʘ ʩ ʬʪʦʨʦʤ ʤʝʞʜʫ ʛʠʜʨʠʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣ-

ʣʦʚ ʠ ʬʪʦʨʠʨʦʚʘʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʦʤ (ʫʨ. 1), ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘ-

ʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʬʪʦʨ-ʩʦʜʝʨʞʘʱʝʛʦ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ. 

[M]ðH + RðF Ÿ [M]ðF + RðH          (1) 

ɺʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʨʘʥʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʢ ʬʪʦʨʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʫʶ ʚʳʛʦʜʫ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ R-F. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 
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ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ, ʚʠʥʠʣʦʚʳʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʤʝʪʘʣʣʦʚ IVʘ 

ʛʨʫʧʧʳ [15,16]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʛʠʜʨʠʜʥʳʤ 

ʣʠʛʘʥʜʦʤ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʮʝʥʪʨʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ ʯʝʨʝʟ ɓ-ʚʥʝʜʨʝʥʠʝ ʘʣʢʝʥʘ ʩ ʧʦʩʣʝ-

ʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ɓ-ʬʪʦʨʠʜʘ (ʚ ʩʣʫʯʘʝ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚʠʥʠʣʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ) (ʨʠʩ. 2) ʠʣʠ 

ʤʝʪʘʪʝʟʠʩ ʧʦ ů-ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭʮʝʥʪʨʦʚʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʄ-ʅ/ʉ-F [17].  

ʈʠʩ. 2. ʄʝʭʘʥʠʟʤ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʷ ʛʝʢʩʘʬʪʦʨʦʧʨʦʧʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʤʝʨʥʦʛʦ ʩʠʣʠʣ-

ʛʠʜʨʠʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ [Ti]-H = [Cp2Ti(Õ-SiH2Ph)(Õ-H)TiCp2] (Cp ï ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ) 

 

ʂʦʤʧʣʝʢʩʳ ʜʨʫʛʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʪʘʢʞʝ ʧʨʦʷʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ  

ʚ ʨʝʘʢʮʠʷʭ HDF ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʘʥʦʚ. ʅʘʧʨʠʤʝʨ, ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʫʪʝʥʠʷ, 

Ru(NHC)(PPh3)2(CO)H2 (NHC = ʟʘʤʝʱʝʥʥʳʝ ʚ 1,3-ʧʦʣʦʞʝʥʠʷ ʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥʳ), ʢʘʪʘʣʠʟʠ-

ʨʫʶʪ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʝ ʧʝʨʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʥʘʧʨʠ-

ʤʝʨ, ʛʝʢʩʘ- ʠ ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣʘ ʠʣʠ ʧʝʥʪʘʬʪʦʨʧʠʨʠʜʠʥʘ) ʩ ʚʳʩʦʢʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ [18]. 

ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ ʚʦ 2ʝ-ʧʦʣʦʞʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʘʢʪʠʚʘʮʠʷ C-H, ʘ ʥʝ C-F ʩʚʷʟʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʩʭʝʤʝ (ʨʠʩ. 3): 
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ʈʠʩ. 3. ʄʝʭʘʥʠʟʤ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʷ ʧʝʨʬʪʦʨʙʝʥʟʦʣʘ, RF-H = C6F5H, Si-H = Et3SiH, Si-F = Et3SiF 

 

ɻʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʪʘʢʞʝ ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʳʤʠ  

ʚ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ. ɺʧʝʨʚʳʝ ʪʨʝʭʲʷʜʝʨʥʳʝ ʛʠʜʨʠʜʥʳʝ ʢʣʘʩʪʝʨʳ [W3S4H3(L)3]ɸ, (L = dmpe ï 

1,2-ʙʠʩ(ʜʠʤʝʪʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ, dppe ï 1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ; ɸ = PF6, BPh4) ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʚ 1989 ʛʦʜʫ [19] ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʭ ʭʣʦʨʠʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ [W3S4Cl3(L)3]ɸ ʩ ʙʦʨʦ-

ʛʠʜʨʠʜʦʤ ʣʠʪʠʷ ʠʣʠ ʥʘʪʨʠʷ. ɿʘʪʝʤ ʧʦʩʣʝʜʦʚʘʣʦ ʨʘʩʰʠʨʝʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʳ ʥʘ ʤʦ-

ʣʠʙʜʝʥʦʚʳʝ ʘʥʘʣʦʛʠ, ʘ ʪʘʢʞʝ ʙʨʦʤ-ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ [20]. ɺ 2011 ʛʦʜʫ ʨʝʘʢʮʠʝʡ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʟʙʳʪʢʦʤ HPF6 ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʬʪʦʨ-

ʩʦʜʝʨʞʘʱʠʝ ʪʨʝʭʲʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ [M3S4F3(dmpe)3]
+
. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʥʘʛʨʝʚʘ ʜʦ 180ęʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠ-

ʣʘʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ ʜʘʥʥʳʝ ʛʠʜʨʠʜʥʳʝ ʠ ʬʪʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠ ̫ʧʝʥʪʘʬʪʦʨʧʠ-

ʨʠʜʠʥʘ [21], ʨʠʩ. 4. ʕʪʠ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ 2,3,5,6-ʪʝʪʨʘʬʪʦʨʦʧʠʨʠʜʠʥʘ. 
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ʈʠʩ. 4. ɻʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʝ ʧʝʥʪʘʬʪʦʨʧʠʨʠʜʠʥʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʪʨʝʭʲʷʜʝʨʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ 

 

ɻʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʚ ʮʝʣʦʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʯʝʤ ʬʪʦʨʠʜʥʳʝ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʨʦʣʴʶ ʛʠʜʨʠʜʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʚ ʨʝʘʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʛʠʜʨʠʜʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʝʝ ʤʦʣʠʙʜʝʥʦʚʳʭ, ʘ ʚ ʩʣʫʯʘʝ ʬʪʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ - 

ʥʘʦʙʦʨʦʪ, ʤʦʣʠʙʜʝʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʘʢʪʠʚʥʝʝ ʚʦʣʴʬʨʘʤʦʚʳʭ ʘʥʘʣʦʛʦʚ. ɼʣʷ ʚʦʣʴʬʨʘʤʦʚʦ-

ʛʦ ʢʦʤʧʣʝʢʩʘ [W3S4H3(dmpe)3]
+
 ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 90% ʠ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ (ʯʠʩʣʦ ʤʦʣʝʡ 

ʩʫʙʩʪʨʘʪʘ, ʧʨʝʚʨʘʱʝʥʥʳʭ ʦʜʥʠʤ ʤʦʣʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦ ʝʛʦ ʠʥʘʢʪʠʚʘʮʠʠ) TON = 90 (ʤʦʣʴ ʧʨʦ-

ʜʫʢʪʘ ʥʘ 1 ʤʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʦʣʠʙʜʝʥʦʚʳʡ [Mo3S4H3(dmpe)3]
+
 ʧʦʟʚʦʣʠʣ ʜʦ-

ʩʪʠʯʴ 60% ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʠ TON = 60. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ [Mʦ3S4F3(dmpe)3]
+
 ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 51% 

(TON = 51), ʘ ʜʣʷ [W3S4F3(dmpe)3]
+
 ʚʩʝʛʦ 31% (TON = 31). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʠʩʭʦ-

ʜʠʪ ʯʝʨʝʟ ʯʘʩʪʠʯʥʫʶ ʜʝʢʦʦʨʜʠʥʘʮʠʶ ʜʠʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ, ʘ ʩʪʨʦʝʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ (ʨʠʩ. 5) 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʶ: 

ʈʠʩ. 5. ʏʝʪʳʨʝʭʮʝʥʪʨʦʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ MĿĿĿHĿĿĿFĿĿĿC 
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ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʣʠʛʘʥʜʘ dmpe ʥʘ ʤʝʥʝʝ ʦʩʥʦʚʥʳʡ dppe ʚ ʛʠʜ-

ʨʠʜʥʳʭ ʠʣʠ ʬʪʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʦ ʪʘʢʦʡ 

ʩʪʝʧʝʥʠ, ʯʪʦ ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʘʢʪʠʚʘʮʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʦʡ, ʘ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʥʠʞʝʥʘ ʜʦ 115Üʉ [22]. ʇʨʠ ʵʪʦʤ ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʚʦʣʴʬʨʘʤʘ 

[W3S4H3(dppe)3]
+
 ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ, ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʚ ʝʛʦ ʩʣʫʯʘʝ ʩʦ-

ʩʪʘʚʣʷʝʪ 55% (87% ʚ ʩʣʫʯʘʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʘʢʪʠʚʘʮʠʠ), ʘ TON ʚʦʟʨʘʩʪʘʝʪ ʜʦ 

124. ʄʦʣʠʙʜʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʠʛʨʳʚʘʝʪ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʞʝ ʘʥʘʣʦʛʫ ʩ ʣʠʛʘʥʜʦʤ dmpe, 

ʧʨʠʚʦʜʷ ʚʩʝʛʦ ʣʠʰʴ ʢ 21%-ʥʦʤʫ ʚʳʭʦʜʫ ʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʯʠʩʣʫ ʦʙʦʨʦʪʦʚ 31. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʪʦ-

ʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ dmpe, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [M3S4F3(dppe)3]
+
 ʚʦʣʴʬʨʘʤʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʢ-

ʪʠʚʥʝʝ ʤʦʣʠʙʜʝʥʦʚʳʭ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 65% ʚʳʭʦʜ ʠ TON = 94 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 19% ʚʳʭʦʜʦʤ  

ʠ ʯʠʩʣʦʤ ʦʙʦʨʦʪʦʚ 27, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

1. 1. 1. 2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦ- ʠ ʘʟʦʩʦʝʜʠʥʝʥʠʡ 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʨʘʩʠʪʝʣʝʡ ʠ ʧʠʛʤʝʥʪʦʚ, ʘʛʨʦʭʠʤʠʢʘʪʦʚ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʧʦʣʠʤʝʨʦʚ. ʏʘʱʝ ʚʩʝ-

ʛʦ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʩʥʦʚʘʥʦ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʥʠʪʨʦʘʨʝʥʦʚ ʠʣʠ (ʨʝʞʝ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʟʦ-

ʩʦʝʜʠʥʝʥʠʡ [23ï27]. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʭʦʨʦʰʦ ʟʘʨʝ-

ʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ, ʜʦ-

ʩʪʠʛʥʫʪʳʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʵʪʦʪ ʤʝʪʦʜ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚʩʝ ʝʱʝ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ  

ʚ ʦʪʥʦʰʝʥʠʠ ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʚʦʩʩʪʘ-

ʥʘʚʣʠʚʘʪʴʩʷ [27ï32]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʩʣʦʞʥʳʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʤʠʥʳ, ʷʚʣʷʝʪʩʷ ʧʦ-

ʧʨʝʞʥʝʤʫ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʧʦʜʭʦʜʦʤ. ʂʘʢ ʧʨʘʚʠʣʦ, ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪ-

ʨʦʘʨʝʥʦʚ ʧʨʦʚʦʜʷʪ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʛʦʨʶʯʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʇʦʵʪʦʤʫ, ʦʩʦʙʝʥʥʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʥʝʠʟʤʝʥ-

ʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʘ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʭ, ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʭʝʤʦʩʝʣʝʢʪʠʚʥʳʭ ʢʘ-

ʪʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʘʥʠʣʠʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ  

ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ). ɺ ʵʪʦʤ ʦʪʥʦ-

ʰʝʥʠʠ ʧʨʠʝʤʣʝʤʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʛʨʫʧʧʳ ʠ ʘʟʦʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʝ (ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʘʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ). ʀʥʪʝʨʝʩ-

ʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʝ ʦʙʱʠʡ ʤʝʭʘʥʠʟʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʨʘʩʱʝʧ-

ʣʝʥʠʷ ʘʟʦʩʦʝʜʠʥʝʥʠʡ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ, ʩʤ. ʥʠʞʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʝʭʘʥʠʟʤ ʛʠʜʨʠʨʦ-

ʚʘʥʠʷ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʣʩʷ ʥʘʯʠʥʘʷ ʩ 1898 ʛʦʜʘ [33,34]) ʚ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ, ʠ ʣʠʰʴ 

ʥʝʤʥʦʛʠʝ ʛʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʦʩʪʫʧʥʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʛʨʫʧʧ [35ï39].  



20 

 

ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {Mo3S4}, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦ-

ʚʘʥʥʳʝ ʚʥʝʰʥʠʤʠ ʜʠʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʢʘʪʘʣʠʟʠʨʫʶʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ ʯʘʩʪʠʯʥʦʛʦ 

ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʷ ʧʝʥʪʘʬʪʦʨʧʠʨʠʜʠʥʘ (ʩʤ. ʚʳʰʝ) [21], ʥʦ ʠ ʨʝʘʢʮʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦ-

ʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. 6) [40]. ʕʪʠ ʨʝʘʢʮʠʠ ʠʟʫʯʘʣʠʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʤʝ-

ʩʠ HCOOH/Et3N ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

ʈʠʩ. 6. ʈʝʘʢʮʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʠʪʨʦʙʝʥʟʦʣʘ 

 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʘʢ ʛʠʜʨʠʜʥʳʡ [Mo3S4H3(dmpe)3]
+
, ʪʘʢ  

ʠ ʭʣʦʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ [Mo3S4Cl3(dmpe)3]
+
. ʍʣʦʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʧʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʦʤ, 

ʢʦʪʦʨʳʡ, (ʩʤ. ʨʠʩ. 7) ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʨʳʚʦʤ CO2, 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ [Mo3S4H3(dmpe)3]
+
, ʢʦʪʦʨʳʡ, ʩʦʛʣʘʩʥʦ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʦʡ ʠ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʬʨʘʛʤʝʥʪʘʮʠʠ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʅʉʆʆʅ ʨʝʘʛʠʨʫʝʪ ʩ ʛʠʜʨʠʜʥʳʤ ʣʠʛʘʥʜʦʤ ʢʣʘ-

ʩʪʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʫʩʪʦʡʯʠʚʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʛʠʜʨʠʜʦʤ ʠ ʧʨʦʪʦʥʦʤ ʬʦʨʤʠʘʪʘ. 

ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ɓ-ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʨʤʠʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʚʦʜʦ-

ʨʦʜ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʥʠʪʨʦʙʝʥʟʦʣ. ɻʠʜʨʠʨʦʚʘʥʠʝ ʥʠʪʨʦʛʨʫʧʧʳ ʧʨʦʠʩʭʦʜʠʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦ ʦʪʥʦ-

ʰʝʥʠʶ ʢ ʙʦʣʴʰʦʤʫ ʨʷʜʫ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ R, ʥʘʧʨʠ-

ʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʘʣʢʠʣʳ, ʚʠʥʠʣʳ, ʛʘʣʦʛʝʥʠʜʳ, ʘʤʠʜʳ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ, ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʦʵʬʠʨʥʳʝ, 

ʘʤʠʥʦ- ʠ ʢʝʪʦʛʨʫʧʧʳ, ʩʧʠʨʪʳ ʠ ʪʠʦʩʧʠʨʪʳ, ʘ ʪʘʢʞʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ ʛʨʫʧʧ  

ʚ ʢʦʣʴʮʝ. ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʛʠʜʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʰʝ, ʯʝʤ ʭʣʦʨʠʜʥʦʛʦ. ɺ ʩʣʫʯʘʝ ʛʠʜʨʠʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ (ʢʨʦʤʝ 2,5-ʜʠʤʝʪʠʣ-ʥʠʪʨʦʙʝʥʟʦʣʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ 98%) ʢʦʥʚʝʨʩʠʷ ʧʨʝʚʳʰʘʣʘ 99%. ʄʠʥʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 

89% ʚ ʩʣʫʯʘʝ ʩʫʣʴʬʦʥʘʤʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʭʦʜ ʙʳʣ ʙʣʠʟʦʢ ʢ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʦʤʫ. ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʨʝʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʜʫʪ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʜʦʨʦʜ 

ʚʤʝʩʪʦ HCOOH/Et3N. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚʦʜʦʨʦʜʦʤ, ʧʦʣʫʯʘʝ-

ʤʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʝʭʘʥʠʟ-

ʤʦʤ ʧʝʨʝʥʦʩʘ ʚʦʨʦʜʦʨʦʜʘ. 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʠʨʫʶʪʩʷ ʢʣʘʩʪʝʨʦʤ,  

ʘ ʥʝ ʧʨʦʜʫʢʪʘʤʠ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 

ʤʦʣʠʙʜʝʥʘ ʙʦʣʝʝ ʥʠʟʢʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʛʦ dmpe. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʠʩʴ. ɼʨʫʛʠʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʩʦʭʨʘʥʝʥʠʷ ʢʣʘʩʪʝʨʘ 
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ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʨʝʘʢʮʠʡ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ESI-

MS), ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ. 

ʈʠʩ. 7. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʣʘʩʪʝʨʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʥʠʪʨʦʙʝʥʟʦʣʘ 

 

ʇʦʩʢʦʣʴʢʫ ʜʠʬʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ [41], ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ 

ʢʦʤʧʣʝʢʩʳ {Mo3S4} ʩ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʜʠʘʤʠʥʘʤʠ. ʂʦʤʧʣʝʢʩ [Mo3S4Cl3(dmen)3](BF4) (dmen ï N, N'-ʜʠʤʝʪʠʣʵʪʠʣʝʥʜʠʘʤʠʥ) ʙʳʣ ʧʦʣʫ-

ʯʝʥ ʦʙʨʘʙʦʪʢʦʡ (Bu4N)2[Mo3S7Cl6] ʠʟʙʳʪʢʦʤ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ 

dmen ʠ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʘʜʜʫʢʪʘ HBF4ĿEt2O, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʪʨʝ-

ʫʛʦʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʩ ʜʠʘʤʠʥʦʤ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʜʠʬʦʩʬʠʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʠʪʨʦʩʦʝʜʠʥʝ-

ʥʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʤʝʩʪʦ ʩʤʝʩʠ HCOOH/Et3N ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʠʣʘʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, Ph2SiH2.  

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʠʘʤʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚ-

ʥʦʩʪʴ ʚ ʧʨʠʩʫʪʩʚʠʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ (ʘʣʢʠʣʴʥʳʝ, ʘʣʣʠʣʴʥʳʝ, ʛʘʣʦʛʝʥʠʜʥʳʝ, ʘʤʠʜʥʳʝ, ʮʠʘʥʠʜ-

ʥʳʝ, ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʠ ʜʨ.) ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʠʣʠʥʦʚ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ [42]. 

ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʜʠʘʤʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ 99% ʢʦʥʚʝʨʩʠʶ ʠ ʚʳʭʦʜ 

ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʠʩʧʦʣʴʟʫʷ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ (ʢʦʤʥʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʠʬʦʩʬʠʥʦ-

ʚʳʡ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (80 ʉ̄). ʂʨʦʤʝ ʪʦʛʦ, ʜʠʘʤʠʥʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

ʪʘʢʞʝ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʠ ʚ ʩʣʫʯʘʝ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʘʟʦʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. 8), ʭʦʪʷ ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʝʚʘʥʠʝ. 
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ʈʠʩ. 8. ʈʝʘʢʮʠʷ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʘʟʦ-ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ {Mo3S4}  

 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʘʨʝʥʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʠʣʠʥʦʚ ʤʦʞʝʪ ʧʨʦ-

ʪʝʢʘʪʴ ʧʦ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ ʤʘʨʰʨʫʪʘʤ (ʨʠʩ. 9): 1) ʧʨʷʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩ ʫʯʘʩʪʠʝʤ ʥʠʪ-

ʨʦʟʦʘʨʝʥʘ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʠ 2) ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʵʪʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʩ ʧʦ-

ʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʟʦʢʩʠʘʨʝʥʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ in situ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʟʦ- ʠ ʛʠʜʨʘʟʦ- ʧʨʦʠʟʚʦʜʥʳʭ [33,34].  

ʈʠʩ. 9. ʇʨʝʜʣʘʛʘʝʤʳʝ ʧʫʪʠ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʘʨʝʥʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʠʣʠʥʦʚ.  

ɺ ʨʘʤʢʝ ʚʳʜʝʣʝʥ ʧʫʪʴ ʧʨʷʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʦʩʪʘʣʴʥʦʝ ð ʧʫʪʴ ʢʦʥʜʝʥʩʘʮʠʠ 
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ʇʨʦʚʝʜʷ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʙʝʥʟʦʣʘ (ʘ ʠʤʝʥʥʦ N-ʬʝʥʠʣʛʠʜʨʦʢʩʠʣʘʤʠʥʘ, ʥʠʪʨʦʟʦʙʝʥʟʦʣʘ, ʘʟʦʢʩʠʙʝʥʟʦʣʘ 

ʠ ʘʟʦʙʝʥʟʦʣʘ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ [Mo3S4Cl3(dmen)3](BF4), ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʟʦʢʩʠʙʝʥʟʦʣ ʣʠʰʴ ʯʘ-

ʩʪʠʯʥʦ ʧʨʝʚʨʘʱʘʣʩʷ ʚ ʘʥʠʣʠʥ (ʢʦʥʚʝʨʩʠʷ ï 39 %, ʚʳʭʦʜ ï 32 %), ʧʨʠ ʵʪʦʤ  

N-ʬʝʥʠʣʛʠʜʨʦʢʩʠʣʘʤʠʥ ʠ ʥʠʪʨʦʟʦʙʝʥʟʦʣ ʜʘʚʘʣʠ ʘʥʠʣʠʥ ʩ 92 ʠ 86 % ʚʳʭʦʜʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʕʪʦ ʜʦʢʘʟʳʚʘʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʨʷʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

(ʥʘ ʩʭʝʤʝ ʚʳʜʝʣʝʥ ʨʘʤʢʦʡ).  

ʉ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ESI-MS ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʩʪʨʫʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʯʝʪʳʨʝʭʮʝʥʪʨʦʚʳʭ ʛʠʜʨʠʜʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ MoĿĿĿClĿĿĿHĿĿĿSi ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʠʬʦʩ-

ʬʠʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [20,40,43], ʦʜʥʘʢʦ ʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʦʢʘ ʥʝ ʷʩʝʥ. ʀʥʪʝ-

ʨʝʩʥʦ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʦʜʦʨʦʜʦʤ ʚʤʝʩʪʦ ʩʠʣʘʥʘ ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʨʝ-

ʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʠʪʨʦʘʨʝʥʦʚ, ʯʪʦ ʦʧʨʦʚʝʨʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚʦ-

ʜʦʨʦʜʦʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʠʣʘʥʘ ʩ ʤʝʪʘʥʦʣʦʤ. 

ɼʦ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣ ʦʧʠʩʘʥ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʠʤʝʨ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʫʙ-

ʩʪʨʘʪʦʚ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʦʤ ʤʦʣʠʙʜʝʥʘ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʠʪʨʦʛʨʫʧʧʘ ʤʝʪʠʣ-4-

ʥʠʪʨʦʙʝʥʟʦʘʪʘ ʩʝʣʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʝʥʠʣʩʠʣʘʥʦʤ PhSiH3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ MoO2Cl2  

ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ (ʜʣʠʪʝʣʴʥʦʝ ʢʠʧʷʯʝʥʠʝ ʚ ʪʦʣʫʦʣʝ) [35]. ʅʘʧʨʦʪʠʚ,  

ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ [Mo3S4Cl3(dmen)3]
+
 ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦ- ʠ ʘʟʦʘʨʝʥʦʚ ʧʨʦʪʝʢʘʶʪ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ (ʜʦ 80Üʉ). ʇʨʠ ʵʪʦʤ ʤʥʦʛʠʝ ʨʝʘʢʮʠʠ ʥʝ ʟʘʪʨʘ-

ʛʠʚʘʶʪ ʚʚʝʜʝʥʥʳʝ ʚ ʢʦʣʴʮʦ ʟʘʤʝʩʪʠʪʝʣʠ, ʘ ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʤʝʱʝʥʥʳʝ 

ʘʥʠʣʠʥʳ. 

1. 1. 1. 3. ʌʦʪʦ- ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʢʘʪʘʣʠʟ 

1. 1. 1. 3. 1. ʌʦʪʦ- ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʠ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦ-

ʜʦʨʦʜʘ (HER) 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ [44,45]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʥʝʜʦʨʦʛʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʢʦʤʧʣʝʢʩʘʤ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʧʦʷʚʠʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʩʫʣʴʬʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʜʣʷ ʬʦʪʦ- ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʳ [46].  

ɺʳʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ (ʫʨ. 2, 3) ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʠ: ʘ) ʛʝʥʝʨʘʮʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʘʨ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ 

ʧʦʛʣʦʱʘʪʴ ʩʚʝʪ, ʙ) ʤʠʛʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ, ʠ ʚ) ʵʬʬʝʢ-

ʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʬʦʪʦʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ ʩʦ-

ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʘʜʩʦʨʙʠʨʦʚʘʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, 
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ʜʳʨʢʠ ʜʦʣʞʥʳ ʧʝʨʝʥʦʩʠʪʴʩʷ ʣʠʙʦ ʥʘ ʚʦʜʫ, ʣʠʙʦ ʥʘ ʜʨʫʛʠʝ ʵʣʝʢʪʨʦʥ-ʜʦʥʦʨʥʳʝ ʬʦʨʤʳ ʚ ʨʘʩʪʚʦ-

ʨʝ, ʥʘʧʨʠʤʝʨ, ʥʘ S
2-

 ʠʣʠ SO3
2-

. 

ʌʦʪʦʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ: 2H2O Ÿ 2H2 + O2        (2) 

ʈʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ:        (3) 

ʘ) ʚ ʢʠʩʣʦʪʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ: 2H
+

(aq)+ 2e
-
 Ÿ H2(ʛ) 

ʙ) ʚ ʱʝʣʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ: 2H2O + 2e
-
 Ÿ H2(ʛ) + 2OH

-
(aq). ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, 

ʯʪʦ ʚ ʱʝʣʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʢʠʩʣʝʥʠʝ ʚʦʜʳ ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʢʠʩʣʦ-

ʨʦʜʘ: 2H2O - 4e
-
 Ÿ 4H

+
 + O2 [47].  

ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʜʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ MoS2 ʩ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʚ ʦʪʣʠ-

ʯʠʝ ʦʪ ʘʤʦʨʬʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠ-

ʷʭ ʚʳʜʝʣʝʥʠʷ H2 (HER) [48,49]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮʘʤʠ MoS2 ʩ ʨʘʟ-

ʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ TiO2 [49,50], CdS [51], Si [52,53] ʠ ʦʢʩʠʜʦʚ ʤʝʜʠ (I/II) [54] 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʪʨʝʫʛʦʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ 

(ʨʠʩ. 10) ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʥʘʥʦʢʨʠʩʪʘʣʣʘʭ MoS2, ʥʘʯʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʪʦʧʦʣʦʛʠʝʡ. 

ʈʠʩ. 10. ʊʦʧʦʣʦʛʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ MoS2 (ʩʣʝʚʘ)  

ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Mo3S7} (ʩʧʨʘʚʘ) 

 

ʅʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʤ ʦʢʘʟʘʣʩʷ ʘʢʚʘ-ʢʦʤʧʣʝʢʩ ʤʦʣʠʙʜʝʥʘ [Mo3S4(H2O)9]
4+
. ɹʳʣʦ 

ʥʘʡʜʝʥʦ, ʯʪʦ ʵʪʦʪ ʢʦʤʧʣʝʢʩ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ, 

ʪʘʢʞʝ ʢʘʢ ʠ MoS2 [55], ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʦʮʝʩʩʝ ʚʳʜʝ-
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ʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. ʏʘʩʪʦʪʘ ʦʙʦʨʦʪʘ (ʯʠʩʣʦ ʤʦʣʝʡ ʩʫʙʩʪʨʘʪʘ, ʧʨʝʚʨʘʱʝʥʥʳʭ ʦʜʥʠʤ ʤʦʣʝʤ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ ʚ ʩʝʢʫʥʜʫ) TOF ʥʘ ʤʦʣʝʢʫʣʫ [Mo3S4(H2O)9]
4+

 ʨʘʚʝʥ 0.07 c
-1
, ʯʪʦ ʚ 3.5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ 

ʜʣʷ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ MoS2 [56], ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ Pt ʠʣʠ Pd, ʠ ʩʦʧʦʩʪʘʚʠʤ ʩ ʢʘʪʘʣʠʟʘ-

ʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ Ni, Cu ʠʣʠ W [57]. 

ɸʢʚʘʢʦʤʧʣʝʢʩʳ [M3S4(H2O)9]
4+

, ʘ ʪʘʢʞʝ ʨʷʜ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ 

[(ɖ
5
-Cp')3M3S4](pts) ʠ [(ɖ

5
-Cp')3M3S4M'(X)](pts) (M = W, Mo, M'X = Co(CO), Cu(Cl); Cp'  = ʤʝ-

ʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ), ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʥʦʩʠʪʝʣʴ ʨ-ʪʠʧʘ (ʨʠʩ. 11), ʥʘʧʨʠ-

ʤʝʨ, Si, ʪʘʢʞʝ ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʘʩʱʝʧʣʝʥʠʝ ʚʦʜʳ ʥʘ ʢʠʩʣʦʨʦʜ ʠ ʚʦʜʦʨʦʜ [58,59].  

ʈʠʩ. 11. ʍʫʜʦʞʝʩʪʚʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʘʥʜʝʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʜʳ 

 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʥʘ ʦʩʥʦʚʝ W ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ-

ʤʫ ʚʳʜʝʣʝʥʠʶ ʚʦʜʦʨʦʜʘ, ʯʝʤ ʜʣʷ ʠʭ Mo ʘʥʘʣʦʛʦʚ, ʘ ʬʦʪʦʵʣʝʢʪʨʦʜʳ, ʜʝʢʦʨʠʨʦʚʘʥʥʳʝ ʢʦʙʘʣʴʪʩʦ-

ʜʝʨʞʘʱʠʤʠ ʢʣʘʩʪʝʨʘʤʠ ʥʝʩʪʘʙʠʣʴʥʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʟʣʫʯʝʥʠʷ ʠʟ-ʟʘ ʦʢʠʩʣʝʥʠʷ ʠ ʜʝʩʪʨʫʢʮʠʠ. 

ʌʦʪʦʪʦʢ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʦʪʦʥʦʚ  

ʚ ʪʦʢ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 80%.  

ʇʝʨʝʥʘʧʨʷʞʝʥʠʝ (ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʦʪʝʥ-

ʮʠʘʣʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʫʨʝʘʢʮʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʜʦʢʩ ʧʦʪʝʥʮʠʘʣʦʤ) ʩʠ-

ʩʪʝʤʳ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 8 ʤA/ʩʤ
2
 ʩʦʩʪʘʚʣʷʝʪ -0.81 ɺ ʜʣʷ W- ʠ  

-0.55 ɺ ʦʪʥ. ʥʦʨʤʘʣʴʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʅɺʕ ʜʣʷ Mo-ʩʦʜʝʨʞʘʱʝʛʦ ʢʣʘʩʪʝʨʘ, ʠ -0.82 ɺ 

ʠ -0.53 ɺ ʦʪʥ. ʅɺʕ ʜʣʷ ʠʭ M3S4Cu ʢʫʙʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʥʝʜʝʢʦ-

ʨʠʨʦʚʘʥʥʳʡ ʨ-Si ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 8 ʤA/ʩʤ
2
 ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ -0.6 ɺ ʦʪʥ. ʅɺʕ. ʇʨʠ 

ʜʝʢʦʨʠʨʦʚʘʥʠʠ ʢʣʘʩʪʝʨʘʤʠ (ʨʠʩ. 12) ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʜʚʠʛ ʧʦʪʝʥʮʠ-

ʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.3 ʜʦ 0.35 ɺ ʜʣʷ W-ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʦʚ ʠ ʜʦ 0.6 ɺ ʜʣʷ ʢʣʘʩʪʝʨʦʚ ʥʘ ʄʦ 
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ʦʩʥʦʚʝ. ʇʨʠ ʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʢʣʘʩʪʝʨʦʤ ʥʘ Si ʚ ʪʝʤʥʦʪʝ  

ʠ ʢʣʘʩʪʝʨʦʤ ʥʘ Si ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0.55 ɺ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ (ʢʨʦʤʝ ʥʝʩʪʘʙʠʣʴʥʦʡ 

ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʠʩʪʝʤʳ {Mo3S4Co}/ʨ-Si).  

 

ʈʠʩ. 12. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʚʘʨʠʘʥʪʳ ʜʝʢʦʨʠʨʦʚʘʥʠʷ ʬʦʪʦʢʘʪʦʜʘ ʩ ʧʦʤʦʱʴʶ MoS2 ʠʣʠ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ:  

(ʘ) ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʥʘʥʦʪʨʫʙʢʠ {MoSʭ}, ʫʢʦʨʘʯʠʚʘʶʱʠʝʩʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

 ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʛʨʘʥʝʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ {MoSʭ}, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʛʣʦʱʝʥʠʝ ʬʦʪʦʥʘ 

ʤʘʪʝʨʠʘʣʦʤ. ʕʪʠ ʥʘʥʦʪʨʫʙʢʠ ʚ ʠʜʝʘʣʝ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʦʯʝʥʴ ʜʣʠʥʥʳʤʠ. ɺ ʩʣʫʯʘʝ ʧʦʜʦʙʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ  

ʬʦʪʦɻ ʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ {MoSʭ}  ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ. 

(ʙ) ʥʘʥʦʧʣʘʩʪʠʥʢʠ {MoSʭ} ʧʨʠʢʨʝʧʣʷʶʪʩʷ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʫ ʚ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ  

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ "ʩʪʦʣʙʘ". ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʨʘʥʩʧʦʨʪ (ʵʥʝʨʛʠʠ) 

 ʦʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ (Si), ʟʘʭʚʘʪʚrʘʁɦ ʝʛʦ ʢʚʘʥʪʳ ʩʚʝʪʘ, ʯʝʨʝʟ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʫʶ ʧʦʜʣʦʞʢʫ ʢ ʘʢʪʠʚʥʳʤ  

ʛʨʘʥʷʤ ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ {MoS2} [58]  

 

ʉʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳ-

ʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʪʠʥʦʚʦʛʦ ʩʦ-ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ p-Si. ʇʦʣʫʯʝʥʥʘʷ ʜʚʫʭʬʦ-

ʪʦʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʦʣʥʝʯʥʘʷ ʷʯʝʡʢʘ (ʵʣʝʢʪʨʦʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʛʣʦʱʝʥʠʷ ʜʚʫʭ ʬʦʪʦʥʦʚ ʚʥʝʰʥʝ-

ʛʦ ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʠʟ ʦʜʥʦʛʦ ʩʚʷʟʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ, ʧʨʠ ʵʪʦʤ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ 

ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʵʣʝʢʪʨʦʥʘ ʨʘʚʥʘ ʩʫʤʤʝ ʵʥʝʨʛʠʡ ʜʚʫʭ ʬʦʪʦʥʦʚ) ʚʳʜʝʣʷʝʪ ʚʦʜʦʨʦʜ ʧʨʠ ʦʙʣʫ-

ʯʝʥʠʠ ʢʨʘʩʥʳʤ ʠ ʠʥʬʨʘʢʨʘʩʥʳʤ ʩʚʝʪʦʤ. 
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ɸʜʩʦʨʙʮʠʷ ʢʣʘʩʪʝʨʦʚ [Mo3S4(H2O)9]
4+

 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ NaTaO3 ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʪʘʥʪʘʣʘʪʘ ʥʘʪʨʠʷ ʚ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ  

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦ 

ʧʦʜʦʙʨʘʥʥʦʛʦ pH ʨʘʩʪʚʦʨʘ, ʠ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ pH = 2. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʧʠʩʘʥʥʳʤʠ ʨʘʥʝʝ ʩʦ-ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʜʣʷ NaTaO3, ʘʢʚʘ-ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʧʦ ʨʘʟ-

ʤʝʨʫ, ʧʦʨʷʜʢʘ 1 ʥʤ ʚ ʜʠʘʛʦʥʘʣʠ. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ NaTaO3 ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʠʥʫ  

1 ʤʢʤ, ʦʙʲʝʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʣʘʩʪʝʨʦʚ [Mo3S4]
4+

 ʢ NaTaO3 ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5Ŀ10
-8
%. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʣʘʩʪʝʨ ʥʘʥʦʩʠʪʩʷ ʪʦʣʴʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʣʠ ʢʨʘʝʚʳʝ ʫʯʘʩʪʢʠ ʧʦʜʣʦʞʢʠ, ʧʨʝʜʦ-

ʩʪʘʚʣʷʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʬʬʝʢʪʠʚʥʳʭ ʘʢʪʠʚʥʳʭ-ʮʝʥʪʨʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ H2 

[60].  

ʂʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʳ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʠ ʢʣʘ-

ʩʪʝʨʳ {Mo3S7}. ʊʘʢ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʛʨʘʬʠʪʦʚʫʶ ʧʦʜʣʦʞʢʫ ʩʫʙʤʦʥʦʩʣʦʠ ʢʦʤʧʣʝʢʩʘ 

[Mo3S7(S2)3]
2-

 ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʜʠʩʫʣʴʬʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ  

ʚ ʧʨʦʮʝʩʩʝ HER ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ [61]. ɿʥʘʯʝʥʠʝ TOF ʩʦʩʪʘʚʣʷʝʪ 3 ʩ
-1

 ʧʨʠ ʧʝʨʝ-

ʥʘʧʨʷʞʝʥʠʠ 0.20 ɺ. ʕʪʦ ʩʨʘʚʥʠʤʦ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ Au(111) ʩ 

ʥʘʥʝʩʝʥʥʳʤ ʚ ʚʳʩʦʢʦʤ ʚʘʢʫʫʤʝ MoS2, ʯʘʩʪʦʪʘ ʦʙʦʨʦʪʦʚ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 1 ʩ
-1

 ʠ 10 ʩ
-1

  

(ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʠʥ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ {MoS2}) ʧʨʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʠ 0.10 ɺ ʠ 0.16 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ [56]. ʇʦʚʳʰʝʥʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3S7(S2)3]
2- 
ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʘʢʚʘ-ʢʦʤʧʣʝʢʩʦʤ {Mo3S4}
4+

aq (0.07 c
-1
, [55]) ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ 

ʩʝʨʳ ʚ ʩʪʨʫʢʪʫʨʝ, ʠʤʠʪʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚ MoS2. ʕʪʦ ʪʘʢʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʤʦʥʦʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʣʠʙʜʝʥʘ [(py5Me2)MoS2]
2+

 (py5Me2 ï 2,6-

ʙʠʩ(1,1-ʙʠʩ(2-ʧʠʨʠʜʠʣ)ʵʪʠʣ)ʧʠʨʠʜʠʥ) ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʜʠʩʫʣʴʬʠʜʥʳʤ ʬʨʘʛʤʝʥʪʦʤ (ʨʠʩ. 

14), ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʧʨʦʮʝʩʩʝ, TON ʜʦʩʪʠʛʘʝʪ ~3.5Ŀ10
3
 ʤʦʣʴ H2 ʥʘ ʤʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʘ [62].  

ʈʠʩ. 13. ʆʙʨʘʟʦʚʘʥʠʝ [(py5Me2)MoS2]
2+

 ʠʟ [(py5Me2)Mo(CF3SO3)]
+
 ʠ S8 



28 

 

ʅʝʜʘʚʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʥʝʝ ʥʝ ʠʟʚʝʩʪʥʳʝ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʪʨʝʫʛʦʣʴʥʳʝ ʭʘʣʴʢʦʛʝʥ-

ʥʘʩʳʱʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʜʠʠʤʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ [63ï66]. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

[Mo3S7Br6]
2-
 ʩ 4,4'-ʜʠʤʝʪʠʣʜʠʢʘʨʙʦʢʩʠʣʘʪʦ-2,2'-ʙʠʧʠʨʠʜʠʥʦʤ (dmdcbpy) ʠʣʠ 4,4ô-ʜʠʥʦʥʠʣ-2,2ô-

ʙʠʧʠʨʠʜʠʥʦʤ (dnbpy) ʧʨʦʠʩʭʦʜʠʪ ʩʝʣʝʢʪʠʚʥʦ ʟʘʤʝʱʝʥʠʝ ʪʦʣʴʢʦ ʜʚʫʭ ʙʨʦʤʠʜʥʳʭ ʣʠʛʘʥʜʦʚ  

ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʜʠʠʤʠʥʘ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ, ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʘʜʜʫʢʪʘ (
n
Bu4N)[Mo3S7Br4(dmdcbpy)]Br (ʨʠʩ. 14) ʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Mo3S7Br4(dnbpy)]. ɹʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʛʦʤʦʛʝʥʥʦ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʥʘʥʦʯʘʩʪʠ-

ʮʘʭ TiO2 ʤʘʨʢʠ P25 ʠ ʧʨʦʷʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ 

ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʤʝʩʠ Na2S ʠ Na2SO3 ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʵʣʝʢʪʨʦʥʦʚ [64]. ʆʙʘ ʢʦʤʧʣʝʢʩʘ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʠʛʘʥʜʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʦʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

(ʥʝʦʙʨʘʪʠʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʩʫʣʴʬʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʷʜʨʘ {Mo3S4}), ʯʪʦ ʛʦʚʦ-

ʨʠʪ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ ʙʠʧʠʨʠʜʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ ʚ ʨʝʜʦʢʩ ʧʦʚʝʜʝʥʠʠ ʠ ʦʙ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Mo3S7} ʟʘ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ. ʂʣʘʩʪʝʨʳ ʷʚʣʷʶʪʩʷ 

ʧʨʝʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʬʦʪʦ- ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʫʶ ʩʫʣʴʬʠʜʥʫʶ ʬʦʨʤʫ ʤʦʣʠʙʜʝʥʘ MoSx. ʂʘʨʙʦʢʩʠʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘʥʝʩʝʥʥʳʡ ʥʘ TiO2 

ʧʨʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʠ 0.3 ɺ (ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 1 ʤɸ/ʩʤ
2
) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦ-

ʨʦʜʘ 30 ʥʤʦʣʴ/ʤʠʥ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 0.6%, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

TOF ʜʦʩʪʠʛʘʝʪ 1.4 ʩ
-1

 (ʥʘ ʘʪʦʤ ʄʦ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ). ɺ ʮʝʣʦʤ, ʥʘʡʜʝʥʥʳʝ ʤʦʣʠʙʜʝʥʦʚʳʝ ʩʦ-

ʢʘʪʘʣʠʟʘʪʦʨʳ ʫʤʝʥʴʰʘʶʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ 0.3-0.4 ɺ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʠʩʪʦʤʫ TiO2, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʦ-ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʦʪʝʢʘʥʠʷ HER. 

ʈʠʩ. 14. (ʘ) ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʥʦʛʦ ʘʩʩʦʮʠʘʪʘ [Mo3S7Br4(dmdcbpy)]Br
-
 (ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ),  

ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʘʢʩʠʘʣʴʥʳʭ ʢʦʥʪʘʢʪʘʭ SĿĿĿBr
-
; (ʙ) ʢʦʤʧʣʝʢʩ [Mo3S7Br4(dmdcbpy)],  

ʢʦʦʨʜʠʥʘʮʠʷ ʣʠʛʘʥʜʘ dmdcbpy ʧʦʢʘʟʘʥʘ ʘʪʦʤʘʤʠ ʘʟʦʪʘ 
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1. 1. 1. 3. 2. ʆʙʝʩʮʚʝʯʠʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʦʢʩʦʛʘʣʦʛʝʥʠʜʳ ʚʠʩʤʫʪʘ BiOX (X = Cl, Br, I) ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʦ  

ʠʭ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʠ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ TiO2, ʨʘʙʦʪʘʶʱʠʭ ʪʦʣʴʢʦ ʚ ʋʌ-ʦʙʣʘʩʪʠ (ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ 4 

% ʦʪ ʚʩʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʩʧʝʢʪʨʘ). ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʦʢʩʦʙ-

ʨʦʤʠʜ BiOBr - ʩʪʘʙʠʣʴʥʳʡ, ʦʙʣʘʜʘʶʱʠʡ ʧʦʜʭʦʜʷʱʝʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʘʢʪʠʚʥʳʡ  

ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʪʘʢʠʭ ʢʨʘʩʠʪʝʣʝʡ ʢʘʢ ʨʦʜʘʤʠʥʘ B, ʙʠʩʬʝʥʦʣʘ A ʠ ʤʝʪʠʣʝʥʦʚʦʛʦ 

ʩʠʥʝʛʦ [67ï69], ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʤʠʢʨʦʮʠʩʪʠʥʘ-LR (ʪʦʢʩʠʥ, ʧʨʦʠʟʚʦʜʠʤʳʡ ʮʠʘʥʦʙʘʢʪʝʨʠʝʡ)  

ʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ D-ʛʣʫʪʘʤʠʥʦʚʦʡ ʠ ʤʝʪʠʣ-D-ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪ (ʨʠʩ. 15) [70]. ɺ ʢʘʯʝ-

ʩʪʚʝ ʩo-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩʳ ʙʣʘʛʦʨʦʜʥʳʭ  

ʤʝʪʘʣʣʦʚ. ʆʜʥʘʢʦ, ʦʥʠ ʥʝ ʧʦʜʭʦʜʷʪ, ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦʙ ʦʯʠʩʪʢʝ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʨʘʩʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʳʝ  

ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʳ (ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ S
2-
). ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʜʨʫʛʠʭ ʩʦ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʝ ʩʦʜʝʨʞʘ-

ʱʠʭ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʈʠʩ. 15. ʌʦʪʦʜʝʛʨʘʜʠʨʫʝʤʳʝ (ʬʦʪʦʜʝʢʘʨʙʦʢʩʠʣʠʨʫʝʤʳʝ) ʩʫʙʩʪʨʘʪʳ: A ð ʨʦʜʘʤʠʥ B; B ð ʙʠʩʬʝʥʦʣ ɸ;  

C ð ʤʝʪʠʣʝʥʦʚʳʡ ʩʠʥʠʡ; D ð ʤʠʢʨʦʮʠʩʪʠʥ-LR; E ð ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ; F ð ʤʝʪʠʣ-D-ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 
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ʅʝʜʘʚʥʦ ʩʦʦʙʱʘʣʦʩʴ ʦ ʧʦʣʫʯʝʥʠʠ ʥʦʚʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʘ [Mo3S13]
2-
/BiOBr, ʚ ʢʦʪʦʨʦʤ  

ʚ ʢʘʯʝʩʪʚʝ ʩʦ-ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʧʦʤʷʥʫʪʳʡ ʚʳʰʝ ʩʫʣʴʬʠʜʥʳʡ ʢʦʤʧʣʝʢʩ [Mo3S13]
2-
. 

ʂʦʤʧʦʟʠʪ ʧʦʣʫʯʝʥ ʧʨʦʧʠʪʢʦʡ ʦʢʩʦʙʨʦʤʠʜʘ ʚʠʩʤʫʪʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ in situ ʠʟ Bi(NO3)3Ț5H2O  

ʠ ʙʨʦʤʠʜʘ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ (ʙʨʦʤʠʜ ʛʝʢʩʘʜʝʮʠʣ-ʪʨʠʤʝʪʠʣ-ʘʤʤʦʥʠʷ, ʨʠʩ. 16), ʨʘʩʪʚʦʨʦʤ 

(NH4)2[Mo3S13] ʠ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ 

ʨʦʜʘʤʠʥʘ ɺ.  

ʈʠʩ. 16. ɹʨʦʤʠʜ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ C16H33(CH3)3NBr (ʙʨʦʤʠʜ ʛʝʢʩʘʜʝʮʠʣ-ʪʨʠʤʝʪʠʣ-ʘʤʤʦʥʠʷ).  

ʂʘʪʠʦʥ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʧʨʦʪʠʚ ʙʘʢʪʝʨʠʡ ʠ ʛʨʠʙʦʚ.  

ʆʥ ʪʘʢʞʝ ʷʚʣʝ̫ʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʫʬʝʨʘ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ɼʅʂ 

 

ɹʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʘʢʪʠʚ-

ʥʦʩʪʷʤʠ ʢʦʤʧʦʟʠʪʦʚ Pt/TiO2, [Mo3S13]
2-

/TiO2 ʠ Pt/BiOBr [71]. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʨʠʩ. 17) ʧʦʢʘʟʘʣʠ ʧʦʣʥʦʝ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʨʦʜʘʤʠʥʘ ɺ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʢ 5 ʤʘʩʩ% 

ʢʦʤʧʦʟʠʪʦʚ [Mo3S13]
2-
/BiOBr ʠ [Mo3S13]

2-
/TiO2, ʪʘʢ ʠ 1 ʤʘʩʩ% Pt/BiOBr ʠ Pt/TiO2. ʂʨʦʤʝ ʪʦʛʦ, 

ʚʚʝʜʝʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʠʦʥʦʚ S
2-

 ʥʝ ʚʣʠʷʝʪ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ 

[Mo3S13]
2-
/BiOBr. ʅʘʧʨʦʪʠʚ, ʘʢʪʠʚʥʦʩʪʴ Pt/BiOBr ʨʝʟʢʦ ʧʘʜʘʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ S

2-
. 

ʈʠʩ. 17. ʌʦʪʦʢʘʪʘʣʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʙʝʩʮʚʝʯʠʚʘʥʠʠ ʨʦʜʘʤʠʥʘ ɺ - ʩʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʝʡ: (ʩʣʝʚʘ) 1 ʤʘʩʩ% 

Pt/TiO2 ʠ 5 ʤʘʩʩ% [Mo3S13]
2-
/TiO2 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʠ 5 ʤʘʩʩ% [Mo3S13]

2-
/BiOBr ʠ 1 ʤʘʩʩ% Pt/BiOBr  

ʧʦʜ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ (ʩʧʨʘʚʘ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ 1 ʤʘʩʩ% Pt/BiOBr ʠ 5 ʤʘʩʩ% [Mo3S13]
2-
/BiOBr,  

ʥʘ ʚʨʝʟʢʝ ð ʚ ʧʨʠʩʫʪʩʪʚʠʠ S
2-
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1. 1. 1. 4. ʄʝʭʘʥʠʟʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʘʟʦʬʘʟʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʘʣʴʜʝʛʠʜʦʚ 

ʆʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʴʶ ʠ ʘʢʪʠʚʥʦʩʪʴʶ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʚʦʟʤʦʞʥʳʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ 

ʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʪʘʢʠʝ ʢʘʢ ʤʝ-

ʪʘʣʣ-ʦʢʩʦ (M=O), ʛʠʜʨʦʢʩʦ- (ʄ-ʆʅ) ʠʣʠ ʘʣʢʦʢʩʦ (M-OR) ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʚ ʠʥʪʝʨʤʝʜʠʘ-

ʪʘʭ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʘʭ ʘʢʪʠʚʘʮʠʠ ʩʚʷʟʠ C-ʅ ʠʣʠ O-H ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʘʭ. ʆʢʩʠ-

ʜʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʧʠʨʪʦʚ ʚ ʘʣʴʜʝʛʠʜʳ ʠʣʠ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʘʣʢʘʥʦʚ 

[72,73]. ʆʜʥʘʢʦ, ʦʪʯʘʩʪʠ ʠʟ-ʟʘ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʩʦʩʪʘʚʘ ʚ ʨʝʘʣʴʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʜʝ-

ʪʘʣʴʥʦ ʥʝ ʠʟʚʝʩʪʥʳ ʤʝʭʘʥʠʟʤʳ ʤʥʦʛʠʭ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʦʢʩʠʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʇʦ-

ʵʪʦʤʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʣʫʯʰʝʥʥʳʭ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʥʦʛʦ ʫʩʠʣʠʡ 

ʪʨʘʪʠʪʩʷ ʥʘ ʘʥʘʣʠʟ ʩʣʦʞʥʦʡ (ʢʦʤʧʣʝʢʩʥʦʡ) ʩʪʨʫʢʪʫʨʳ ʦʢʩʠʜʦʚ ʠ ʠʭ ʘʢʪʠʚʥʦʩʪʠ.  

ʉʦʛʣʘʩʥʦ ʧʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʦʣʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʄxʆy ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʭ ʠ ʩʪʝʭʠʦʤʝʪʨʠʝʡ x/y [74].  

ʈʘʥʝʝ ʙʳʣʠ ʦʧʠʩʘʥʳ ʧʨʦʮʝʩʩʳ ʛʘʟʦʬʘʟʥʦʡ ʘʢʪʠʚʘʮʠʠ ʤʝʪʘʥʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʣʦʛʝ-

ʥʠʜʦʚ ʄʍ2 (M = Fe, Co, Ni; X = Br, I) ʚ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ ʧʨʦʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʚʷʟʠ ʉ-ʅ ʠʣʠ ʆ-ʅ: 

ʧʨʠ ʄ = Fe ʘʢʪʠʚʠʨʫʝʪʩʷ ʩʧʠʨʪʦʚʘʷ ʛʨʫʧʧʘ, ʧʨʠ M = Ni ð ʉ-ʅ, ʘ ʚ ʩʣʫʯʘʝ M = Co ʩʝʣʝʢʪʠʚ-

ʥʦʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʘʢʪʠʚʘʮʠʷ ʠʜʝʪ ʩʨʘʟʫ ʧʦ ʦʙʝʠʤ ʩʚʷʟʷʤ [75]. 

ʂʣʘʩʪʝʨʳ ʩ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʶʪʩʷ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ ʢʘ-

ʪʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʤʝʨʥʳʝ ʵʬʬʝʢʪʳ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʤʝʨʥʳʡ ʘʥʠʦʥ [Mo2O6(OH)]
-
 ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʛʘʟʦʬʘʟʥʦʝ ʧʨʝ-

ʚʨʘʱʝʥʠʝ ʤʝʪʘʥʦʣʘ ʚ ʬʦʨʤʘʣʴʜʝʛʠʜ, ʘ ʝʛʦ ʤʦʥʦʤʝʨʥʳʡ ʘʥʘʣʦʛ [ʄʦʆ3(OH)]
-
 ʥʝ ʧʨʦʷʚʣʷʝʪ ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [76]. ɻʘʟʦʬʘʟʥʳʡ ʪʨʠʤʝʨʥʳʡ ʦʢʩʠʜ ʚʦʣʴʬʨʘʤʘ(VI) ʩ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ {W3(ɛ-O)3O4}, ʩʚʦʙʦʜʥʳʡ ʠ/ʠʣʠ ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ TiO2, ʚʳʩʦʢʦʵʬ-

ʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʜʝʛʠʜʨʘʪʘʮʠʶ ʩʧʠʨʪʦʚ, ʥʘʧʨʠʤʝʨ, 2-ʧʨʦʧʘʥʦʣʘ ʚ ʧʨʦʧʝʥ [77]. ʂʫʙʘʥʦ-

ʚʳʝ ʢʣʘʩʪʝʨʳ ʩ ʷʜʨʦʤ {M3(ɛ3-S)(ɛ-S)3} (M = Mo, W) ʧʦʭʦʞʠ ʧʦ ʩʪʨʦʝʥʠʶ ʥʘ ʬʨʘʛʤʝʥʪ {W3(ɛ-

O)3O6} (ʨʠʩ. 18).  
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ʈʠʩ. 18. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ ʪʨʠʤʝʨʥʦʛʦ ʦʢʩʠʜʘ W(VI) {W3(ɛ2-O)3O6} (ʩʣʝʚʘ)  

ʠ ʩʪʨʫʢʪʫʨʘ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʣʘʩʪʝʨʘ {W3(ɛ2-S)3SL9} (ʩʧʨʘʚʘ) 

 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʪʘʥʜʝʤʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʦʣʫ-

ʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ ʪʨʝʭʲ-

ʷʜʝʨʥʳʭ ʜʠʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [W3S4(dmpe)3X3]
+
, X = Br ʠ ʆʅ. ʇʨʠʩʫʪʩʪʚʠʝ ʵʪʠʭ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʍ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʧʫʪʴ ʛʘʟʦʬʘʟʥʦʡ ʜʠʩ-

ʩʦʮʠʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʠʦʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ 

{W 3S4} ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢ ʤʝʪʘʣʣʫ W-Br, W=O ʠ W-OH ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɹʳ-

ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʩʧʨʝʝʤ ʢʣʘʩʪʝʨʥʳʝ ʢʘʪʠʦʥʳ ʚʠʜʘ 

[W3S4(dmpe)2(OH)O]
+
 ʘʢʪʠʚʠʨʫʶʪ ʤʝʪʘʥʦʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʦʢʩʦ-ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 19). ʇʨʠ 

ʵʪʦʤ ʘʢʪʠʚʠʨʫʝʪʩʷ O-H ʩʚʷʟʴ ʤʝʪʘʥʦʣʘ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʠʜʨʦʢʩʦʛʨʫʧʧʦʡ ʢʣʘʩʪʝʨʘ  

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ʝʝ ʠ ʧʨʦʪʦʥʘ ʠʟ ʤʝʪʘʥʦʣʘ ʚ ʚʠʜʝ ʚʦʜʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʠʦʥʘ 

[W3S4(dmpe)2(OCH3)O]
+
, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʝʪ ʨʝʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʚ [W3S4(dmpe)2(OH)3]

+
 

[78].  

ʈʠʩ. 19. ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʜʣʷ D-ʤʝʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ [W3S4(dmpe)2(OH)O]
+ 

 ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ ʆ-ʅ ʩʚʷʟʠ ʚ ʤʝʪʘʥʦʣʝ,  

ʢʦʪʦʨʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʠʜʨʦʢʩʦʛʨʫʧʧʦʡ ʢʣʘʩʪʝʨʘ ʩ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ʚʦʜʳ 
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ʈʘʚʥʦ ʢʘʢ ʠ ʤʝʪʦʢʩʦ-ʢʦʤʧʣʝʢʩ, ʵʪʦʢʩʦ-ʢʦʤʧʣʝʢʩ [W3S4(dmpe)2(OCH2CH3)O]
+
 ʦʙʨʘʟʫʝʪʩʷ 

ʠʟ [W3S4(dmpe)2(OH)3]
+
 ʚ ʫʩʣʦʚʠʷʭ ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʩʧʨʝʝʤ. ʇʨʠ ʵʪʦʤ ʚ ʫʩʣʦʚʠʷʭ CID-ʤʘʩʩ-

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (CID  ð ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʩʪʦʣʢʥʦʚʝʥʠʝʤ ʜʠʩʩʦʮʠʘʮʠʷ) ʧʨʦ-

ʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʘʮʝʪʘʣʴʜʝʛʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [W3S4(dmpe)2(H)O]
+
.  

[W3S4(dmpe)2(OCD2CH3)O]
+
 Ÿ [W3S4(dmpe)2(D)O]

+
 + CH3CDO    (4) 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʝʡʪʝʨʠʝʚʦʡ ʤʝʪʢʦʡ (ʫʨ. 4) ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ Ŭ-ʧʦʣʦʞʝʥʠʷ 

ʵʪʦʢʩʦ ʣʠʛʘʥʜʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ DFT ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʘ: 

ʦʜʠʥ ʠʟ ʥʠʭ ʩ ʧʝʨʝʥʦʩʦʤ ʚʦʜʦʨʦʜʘ ʦʪ Ŭ-ʧʦʣʦʞʝʥʠʷ ʘʣʢʦʢʩʦ ʣʠʛʘʥʜʘ ʢ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʩʦʩʝʜʥʝʡ 

ʛʨʫʧʧʳ W=O (ʨʠʩ. 20), ʘ ʜʨʫʛʦʡ ʩ ʧʝʨʝʥʦʩʦʤ ʛʠʜʨʠʜʘ ʠʟ Ŭ-ʧʦʣʦʞʝʥʠʷ ʘʣʢʦʢʩʦ ʣʠʛʘʥʜʘ ʥʘ ʤʝ-

ʪʘʣʣʦʮʝʥʪʨ [76].  

ʈʠʩ. 20. ɺʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʥʦʩʘ H ʠʟ Ŭ-ʧʦʣʦʞʝʥʠʷ ʵʪʦʢʩʦ-ʣʠʛʘʥʜʘ: (ʘ)  

ʢ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʩʦʩʝʜʥʝʡ ʛʨʫʧʧʳ W=O ʠʣʠ (ʙ) ʥʘ ʤʝʪʘʣʣʦʮʝʥʪʨ 

 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ dmpe ʣʠʛʘʥʜʳ ʙʳʣʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʤʝʥʝʥʳ ʥʘ 

Pʅ3 (ʫʨ. 5, ʨʠʩ. 21), ʧʨʦʬʠʣʠ ʵʥʝʨʛʠʠ ȹGrel (ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[W3S4(dmpe)2(OCʅ2CH3)O]
+
 ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ 0) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʝʨʚʳʡ ʤʝʭʘʥʠʟʤ ʚʳʛʦʜʝʥ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ, ʘ ʚʪʦʨʦʡ - ʢʠʥʝʪʠʯʝʩʢʠ ʩ ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʫʪʷʤʠ ʨʝʘʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʘ ʤʝʭʘʥʠʟʤʘ ʤʦʛʫʪ ʢʦʥʢʫʨʠ-

ʨʦʚʘʪʴ. ʇʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʤʠʯʣʝʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ (ʨʠʩ. 22), ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʝʨʝʜʘʯʘ ʛʠʜʨʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭʮʝʥʪʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʧʨʝʜʝ-

ʣʷʝʤʦʡ ʤʝʪʘʣʣʦʤ ʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʵʪʦʢʩʠʛʨʫʧʧʳ [79]. 

[W3S4(PH3)4(OCʅ2CH3)O]
+
 (R)Ÿ [W3S4(PH3)2(ʅ)O]

+
 (Pi)+ CH3CHO    (5) 
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ʈʠʩ. 21. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʘ) ʨʝʘʛʝʥʪʦʚ R ʠ R' [W3S4(PH3)4(OCʅ2CH3)O]
+
  

ʠ ʙ) ʧʨʦʜʫʢʪʦʚ Pi [W3S4(PH3)2(ʅ)O]
+
: P1 ʠ P1' [W3S4(PH3)2OH]

+
; P2, P3, P2', P3' [W3S4(PH3)2(ʅ)O]

+
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ʈʠʩ. 22. ʉʪʨʦʝʥʠʝ ʩʝʤʠʯʣʝʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʧʝʨʝʥʦʩʝ H ʠʟ Ŭ-ʧʦʣʦʞʝʥʠʷ  

ʵʪʦʢʩʦ-ʣʠʛʘʥʜʘ ʢ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʩʦʩʝʜʥʝʡ ʛʨʫʧʧʳ W=O 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  1  

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʦʙʟʦʨʝ 

 
ʂʘʪʘʣʠʟʘʪʦʨ ʈʝʘʢʮʠʷ ʉʩʳʣʢʘ 

1 [M 3S4X3(dmpe)3]
+
, ʛʜʝ ʄ = 

ʄʦ ʠʣʠ W, ʍ = H ʠʣʠ F 

ʈʝʘʢʮʠʷ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʫʙ-

ʩʪʨʘʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʩʠʣʘʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ 

[21] 

2 [M 3S4X3(dppe)3]
+
, ʛʜʝ ʄ = 

ʄʦ ʠʣʠ W, ʍ = H ʠʣʠ F 

ʈʝʘʢʮʠʷ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʫʙ-

ʩʪʨʘʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʘʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦ-

ʜʦʨʦʜʘ 

[22] 

3 [Mo3S4X3(dmpe)3]
+
, ʛʜʝ ʍ 

= H ʠʣʠ Cl 

ʈʝʘʢʮʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ 
[40] 

4 
[Mo3S4Cl3(dmen)3]

+
 

ʈʝʘʢʮʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝ-

ʩʢʠʭ ʥʠʪʨʦ- ʠ ʘʟʦʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʘʥʠʣʠʥʦʚ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

[42] 

5 [Mo3S4(H2O)9]
4+

 / ʛʨʘʬʠʪ ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʦʜʦʨʦʜʘ (HER) [55] 

6 
[Mo3S13]

2-
 / ʛʨʘʬʠʪ HER [61] 

7 [Mo3S4(H2O)9]
4+

 / ʨ-Si ʌʦʪʦ- ʠ ʵʣʝʢʪʨʦʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ [58,59] 



36 

 

 
ʂʘʪʘʣʠʟʘʪʦʨ ʈʝʘʢʮʠʷ ʉʩʳʣʢʘ 

8 [Mo3S4(H2O)9]
4+

 / NaTʘO3 ʌʦʪʦʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ [60] 

9 
[Mo3S13]

2-
 / BiOBr ʌʦʪʦʨʘʟʣʦʞʝʥʠʝ ʨʦʜʘʤʠʥʘ ɺ [71] 

10 
[Mo3S4(H2O)9]

4+
 / ʮʝʦʣʠʪʳ 

NaY, HUSY, KL, NaMOR, 

NaH ɓ 

ɻʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ (HDS) ʙʝʥʟʦʪʠʦʬʝʥʘ [80,81] 

 

1. 1. 2. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ 

1. 1. 2. 1. ɻʠʜʨʦʦʯʠʩʪʢʘ ʥʝʬʪʠ: ʫʜʘʣʝʥʠʝ ʩʝʨʳ ʩ ʧʦʤʦʱʴʶ ʩʫʣʴʬʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦ-

ʨʦʚ 

ʂ ʢʦʥʮʫ 2014 ʛʦʜʘ ʦʙʲʝʤ ʤʠʨʦʚʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʨʝʚʳʩʠʣ 4.2 ʤʠʣʣʠʘʨʜʘ ʤʝʪʨʠʯʝʩʢʠʭ 

ʪʦʥʥ (ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʥʝʟʘʚʠʩʠʤʦʛʦ ʘʛʝʥʪʩʪʚʘ Energy Information Administration [82] ʠ ʤʝʞʜʫʥʘ-

ʨʦʜʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʨʪʘʣʘ Statistica [83]). ʉʳʨʘʷ ʥʝʬʪʴ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʭʠʤʠʯʝ-

ʩʢʦʡ ʩʤʝʩʴʶ, ʩʦʜʝʨʞʘʱʝʡ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʘʣʢʘʥʳ, ʘʣʢʝʥʳ, ʮʠʢʣʦʘʣʢʘʥʳ, ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦ-

ʝʜʠʥʝʥʠʷ), ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ (ʤʝʨʢʘʧʪʘʥʳ, ʩʫʣʴʬʠʜʳ, ʜʠʩʫʣʴʬʠʜʳ, ʪʠʦʬʝʥʳ ʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʳ), 

ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ (ʘʥʠʣʠʥʳ, ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ, ʭʠʥʦʣʠʥ, ʘʢʨʠʜʠʥ, ʢʘʨʙʘʟʦʣ, ʠ ʠʥʜʦʣ), ʢʠʩ-

ʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʬʝʥʦʣʳ, ʢʝʪʦʥʳ ʠ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ), ʘ ʪʘʢʞʝ ʘʪʦʤʳ ʤʝʪʘʣ-

ʣʦʚ, ʪʘʢʠʝ ʢʘʢ V ʠ Ni, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ ʧʦʨʬʠʨʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ V
4+
=ʆ ʠ Ni

2+
. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʜʨʦʦʯʠʩʪʢʘ ʠʣʠ ʛʠʜʨʦʧʝʨʝʨʘʙʦʪʢʘ ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝ-

ʘʢʮʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʛʠʜʨʠʨʦʚʘʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʫʜʘʣʝʥʠʝ S - ʛʠʜʨʦʜʝʩʫʣʴʬʫ-

ʨʠʟʘʮʠʷ (HDS), ʫʜʘʣʝʥʠʝ N - ʛʠʜʨʦʜʝʥʠʪʨʦʛʝʥʘʮʠʷ (HDN), ʫʜʘʣʝʥʠʝ O - ʛʠʜʨʦʜʝʟʦʢʩʠʛʝʥʘʮʠʷ 

(HDO) ʠ ʦʯʠʩʪʢʘ ʦʪ ʤʝʪʘʣʣʦʚ - ʛʠʜʨʦʜʝʤʝʪʘʣʣʠʟʘʮʠʷ (HDM). ɻʠʜʨʦʦʯʠʩʪʢʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʪʦ-

ʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʚʳʙʨʦʩʦʚ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʠʟʙʝʞʘʪʴ ʦʪʨʘʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʠʬʦʨʤʠʥʛʝ ʠ ʢʨʝʢʠʥʛʝ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʢʠʩʣʦʪʘʤʠ,  

ʘ ʪʘʢʞʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʘ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʦʯʠʩʪʢʠ ʩʦʜʝʨʞʘʪ 

ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʜʣʦʞʢʫ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʥʘ ɔ-Al 2O3) ʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ MoS2/WS2, ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʝ Co ʠ/ʠʣʠ Ni (ʨʠʩ. 23) [84].  
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ʈʠʩ. 23. ʉʪʨʦʝʥʠʝ HDS-ʘʢʪʠʚʥʳʭ ʩʘʡʪʦʚ NiMoS (ʘ) ʠ CoMoS (ʙ) ʚ ʰʘʨʦʩʪʝʨʞʥʝʚʦʡ ʤʦʜʝʣʠ,  

ʘʪʦʤʳ ʧʦʢʘʟʘʥʳ Ni ð ʢʨʘʩʥʳʤ, Co ð ʩʠʨʝʥʝʚʳʤ, Mo ð ʛʦʣʫʙʳʤ, S ð ʞʝʣʪʳʤ 

 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʧʦʜʣʦʞʢʠ HDS-ʘʢʪʠʚʥʦʩʪʴ ʩʫʣʴʬʠʜʦʚ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘʤʥʦʛʦ ʚʳ-

ʰʝ, ʯʝʤ ʫ ʩʫʣʴʬʠʜʦʚ ʜʨʫʛʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ: RuS2 > Rh2S3 > PdS > MoS2 > NbS2 > ZrS2 

[85]. ʆʜʥʘʢʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʡ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘ-

ʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ MoS2/Al2O3, ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʭ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ Co ʠ Ni, ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʫʙʳʚʘʝʪ ʚ ʨʷʜʫ PtMo Ó CoMo Ó RuMo > PdMo > Mo [86].  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʝʩʥʳʭ ʢʦʥʪʘʢʪʦʚ 

ʤʝʞʜʫ ʧʨʦʤʦʪʦʨʦʤ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʦʩʥʦʚʝ ʩʠ-

ʩʪʝʤ ʙʣʘʛʦʨʦʜʥʳʡ ʤʝʪʘʣʣ-ʤʦʣʠʙʜʝʥ, ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ, ʢʘʪʘʣʠʟʘʪʦʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʘʣʠ 

ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʣʠ ʩʦʚʤʝʩʪʥʦʡ ʧʨʦʧʠʪʢʠ ʧʦʜʣʦʞʢʠ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʙʣʠʟʢʦʛʦ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʷ Mo ʠ ʧʨʦʤʦʪʦʨʘ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʥʘʯʘʣʠ ʠʟʫʯʘʪʴʩʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʫʙʘʥʦʚʳʝ ʢʣʘʩʪʝʨʳ ʩ ʷʜʨʦʤ {Mo3S4M} (M = Co, 

Ni, ʜʨʫʛʠʝ ʤʝʪʘʣʣʳ) [87]. ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʵʪʠ ʢʣʘʩʪʝʨʳ ʩʦʜʝʨʞʘʪ ʠʩʢʦʤʳʝ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ  

ʚ ʥʫʞʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ (Mo:M = 3:1) ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ, ʦʥʠ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʩʫʣʴʬʠʜ-

ʥʳʝ ʛʨʫʧʧʳ ʠ ʤʦʣʠʙʜʝʥ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +4. ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʢʫʙʘʥʦʚʳʝ ʢʣʘʩʪʝʨʳ ʩ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʪʠʧʘ {(ɖ
5
-

Cp')3Mo3S4M'(L)n} (M' = Ru, Os, Rh, Ir; L = CO, PPh3, COD, ʉʆɽ, dppp) [88], ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ 

ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʤ (Cpǋ) ʠ/ʠʣʠ ʮʠʢʣʦʦʢʪʘʜʠʝʥʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, 

ʯʪʦ ʧʝʨʝʭʦʜ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʩʨʝʜʫ ʧʦʟʚʦʣʠʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʛʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝ-

ʤʳ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʘʟʠʨʦʚʘʣʘʩʴ ʙʳ ʥʘ ʛʝʪʝʨʦʘʪʦʤʝ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ ʥʝ ʦʧʠʩʘʥʘ. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʦʯʠʩʪʢʠ 
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ʩʤʝʩʠ ʙʝʥʟʦʪʠʦʬʝʥʘ ʩ ʭʠʥʦʣʠʥʦʤ ʙʳʣʘ ʦʧʠʩʘʥʘ ʪʦʣʴʢʦ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʢʝʣʝʤ 

[(ɖ
5
-Cp')3Mo3S4Ni]

+
 (HDN ʠ HDS ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ H2 ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

250ęʉ), ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʯʘʩʪʠʯʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʣʘʩʪʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ [89]. ʂʣʘʩʪʝʨʳ {Mo3S4M} (M = Co, Ni) ʨʘʩʩʤʘʪʨʠʚʘ-

ʣʠʩʴ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ [89,90] ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ CoMo ʠ NiMo ʢʘʪʘʣʠʟʘ-

ʪʦʨʦʚ ʛʠʜʨʦʦʯʠʩʪʢʠ. ʂʦʤʧʣʝʢʩʳ [M3NiS4X3L3L']
+
 (M = Mo, W; X = Cl, Br; L = dmpe, dppe; L' = 

CH3CN, py, CO, ʪʝʪʨʘʛʠʜʨʦʪʠʦʬʝʥ) ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʛʦʤʦʛʝʥʥʳʭ HDS-

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʜʥʘʢʦ ʥʝ ʧʨʦʷʚʠʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ ʩ 1-ʦʢʪʘʥʪʠʦʣʦʤ [91].  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʫʣʴʬʠʜʠʨʦʚʘʥʠʠ ʧʨʠ 350ęʉ ʧʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

[(Cp')3Mo3S4M'Lx](pts)y (M' =Ru, Rh, Ir, Pd, Pt; L' = CO, COD ï 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ, COE ï ʮʠʢ-

ʣʦʦʢʪʝʥ, PPh3, ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪ-2-ʝʥ) (ʨʠʩ. 24) ʦʙʨʘʟʫʶʪʩʷ ʬʘʟʳ {MoSxM'}, ʧʨʝʦʨʛʘʥʠʟʦʚʘʥ-

ʥʳʝ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʩʘʡʪʘʤʠ {MoS2} 

[92].  

ʈʠʩ. 24. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ [(Cp')3Mo3S4M'Lx](pts)y 

 

ɸʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʦʯʠʩʪʢʠ ʥʝʬʪʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ 

ʤʦʜʝʣʴʥʦʤ ʜʠʟʝʣʴʥʦʤ ʩʳʨʴʝ, ʩʦʜʝʨʞʘʱʝʤ ʜʠʙʝʥʟʦʪʠʦʬʝʥ, ʠʥʜʦʣ ʠ ʥʘʬʪʘʣʠʥ, ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ  

ʥ-ʛʝʧʪʘʥʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤʠ ʜʣʷ ʩʝʨʫ- ʠ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ, 

ʘ ʪʘʢʞʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʥʝʬʪʠ, ʠ ʠʤʝʶʪ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʠʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚʫ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜ-

ʨʠʨʦʚʘʥʠʝ ʥʘʬʪʘʣʠʥʘ ʜʦ ʪʝʪʨʘʣʠʥʘ, HDS ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʜʦ ʙʠʬʝʥʠʣʘ ʠ ʮʠʢʣʦʛʝʢʩʠʣʙʝʥʟʦʣʘ  

ʠ HDN ʠʥʜʦʣʘ ʜʦ ʵʪʠʣʙʝʥʟʦʣʘ ʠ ʵʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ (ʨʠʩ. 25). 
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ʈʠʩ. 25. ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʛʠʜʨʦʦʯʠʩʪʢʝ ʩʤʝʩʠ ʥʘʬʪʘʣʠʥʘ, ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʠ HDN ʠʥʜʦʣʘ 

 

ʇʦ ʧʨʦʰʝʩʪʚʠʠ ʩʫʪʦʢ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʪʝʩʪʘ ʩʦʩʪʘʚ ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ ʦʧʨʝʜʝ-

ʣʷʣʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʧʣʘʤʝʥʥʦ-ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦ-

ʨʦʤ. ʂʦʥʚʝʨʩʠʷ ʚʳʨʘʞʘʣʘʩʴ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʧʩʝʚʜʦ-ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

(ʜʣʷ HDS, HDN ʠ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʢ ʢʦʥʮʫ ʩʫʪʦʢ, ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʪʝʧʝʥʴ ʢʦʥʚʝʨ-

ʩʠʠ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ ʚ ʪʝʯʝʥʠʝ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 10 ʯʘʩʦʚ. ɸʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʥʦʨ-

ʤʠʨʦʚʘʥʳ ʥʘ ʦʜʠʥ ʘʪʦʤ ʤʝʪʘʣʣʘ ʠ ʩʦʦʪʥʝʩʝʥʳ ʩ ʩʫʤʤʘʨʥʳʤʠ ʘʢʪʠʚʥʦʩʪʷʤʠ ʜʣʷ Mo3S4 ʠ M' (ʨʠʩ. 

26). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʪʝʨʦʤʝʪʘʣʣʘ, ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪ-

ʩʷ ʚ ʨʷʜʫ Mo3Pd < Mo3Pt < Mo3Ru < Mo3Rh < Mo3Ir [92].  

ʂʦʤʧʣʝʢʩʳ [Mo3S4(H2ʆ)9]
4+

 ʠ [Mo3S4{NiCl}(H 2O)9]
3+
, ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ, ʠ ʚʢʣʶʯʝʥʥʳʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʨʘʟʣʠʯʥʳʝ ʮʝʦʣʠʪʳ, ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚ-

ʥʦʩʪʴ ʚ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʙʝʥʟʦʪʠʦʬʝʥʘ. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʢʫ-

ʙʘʥʦʚʦʛʦ ʢʣʘʩʪʝʨʘ {Mo3S4Ni} ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʘʢʪʠʚʥʦʩʪʴ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʣʘʩʪʝʨʘ 

{Mo 3S4}, ʧʨʦʤʦʪʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘʤʠ Ni
2+
, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʦʣʝʝ ʘʢʪʠʚʝʥ, ʯʝʤ ʥʝ-

ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʡ {Mo3S4} [80,81].  
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1. 1. 2. 2. ʈʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘ-

ʱʠʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʫʙʘʥʦʚʳʡ ʦʩʪʦʚ {M3ʄ'Q4} (M = Mo, W; Q = S, Se) ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘ-

ʣʠʟʘʪʦʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ [93]. 

1. 1. 2. 2. 1. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 

ʄʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ ʜʠʘʟʦ-ʨʝʘʛʝʥʪʘʤʠ ʧʨʠʚʣʝʢʘʝʪ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ-ʟʘ ʩʚʦʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʎʠʢʣʦʧʨʦ-

ʧʘʥ, ʥʘʠʤʝʥʴʰʠʡ ʠʟ ʮʠʢʣʦʘʣʢʘʥʦʚ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʦʩʪʘʚʝ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʠʨʦʜʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʨʧʝʥʦʚ, ʬʝʨʦʤʦʥʦʚ, ʤʝʪʘʙʦʣʠʪʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʥʝʦʙʳʯʥʳʭ ʘʤʠʥʦ-

ʢʠʩʣʦʪʘʭ [94]. ɺʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʮʠʢʣʘ ʠ ʫʥʠʢʘʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʮʠʢʣʦ-

ʧʨʦʧʘʥʳ ʯʨʝʟʚʳʯʘʡʥʦ ʮʝʥʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʛʠʭ ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʮʠʢʣʠʯʝ-

ʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɹʫʜʫʯʠ ʜʦʩʪʫʧʥʳʤʠ ʚ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʦʤ ʚʠʜʝ, ʭʠʨʘʣʴʥʳʝ ʮʠʢʣʦʧʨʦʧʘʥʳ 

ʩʣʫʞʘʪ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʩʠʥʪʦʥʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʛʠʭ ʭʠʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʩʠʥʪʝʟʘ 

ʭʠʨʘʣʴʥʳʭ ʮʠʢʣʦʧʨʦʧʘʥʦʚ ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʘ: 1) ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʧʝʨʝʭʦʜʥʳ-

ʤʠ ʤʝʪʘʣʣʘʤʠ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʢʘʨʙʝʥʘ [95], 2) ʨʝʘʢʮʠʠ ʉʠʤʤʦʥʩʘ-ʉʤʠʪʘ [96], ʚ ʪʦʤ ʯʠʩʣʝ ʢʘ-

ʪʘʣʠʟʠʨʫʝʤʳʝ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ [97] ʠ 3) ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʟʘʢʨʳʪʠʝʤ ʮʠʢʣʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ [98]. 
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ʈʠʩ. 26. ʉʨʘʚʥʝʥʠʝ ʩʫʤʤʘʨʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ Mo3S4 + M' ʠ Mo3S4M' ʚ ʧʨʦʮʝʩʩʘʭ ʘ) ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ (HDS),  

b) ʛʠʜʨʦʜʝʘʟʦʪʠʨʦʚʘʥʠʷ (HDN) ʠ c) ʛʠʜʨʠʨʦʚʘʥʠʷ (HYD) 
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ʉʧʝʮʠʬʠʯʝʩʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʙʠʜʝʥʪʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʢ ʪʨʝʫʛʦʣʴʥʦʤʫ ʢʣʘʩʪʝʨʫ {M3Q4} 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʢʦʤʧʣʝʢʩʘʤ, ʚ ʢʦʪʦʨʳʭ ʦʜʠʥ ʜʦʥʦʨʥʳʡ ʘʪʦʤ (ʥʘʧʨʠʤʝʨ, ʘʪʦʤ ʬʦʩʬʦʨʘ  

ʚ ʜʠʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ [M3Q4X3(ʜʠʬʦʩʬʠʥ)3]
+
) ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ  

ʢ ɛ3-ʰʘʧʦʯʥʦʡ ʩʝʨʝ, ʘ ʜʨʫʛʦʡ ʜʦʥʦʨʥʳʡ ʘʪʦʤ ʚ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʢ ɛ2-ʤʦʩʪʠʢʦʚʦʡ ʩʝʨʝ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʭʠʨʘʣʴʥʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʣʘʩʪʝʨʥʳʭ ʉ3-ʩʠʤʤʝʪʨʠʯʥʳʭ ʢʘʪʠʦʥʦʚ (ʨʠʩ. 27). ɺ ʵʪʠʭ 

ʢʣʘʩʪʝʨʥʳʭ ʢʘʪʠʦʥʘʭ ʚʩʝ ʪʨʠ ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʷʚʣʷʶʪʩʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʤʠ ʮʝʥʪʨʘʤʠ, ʧʦʵʪʦʤʫ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʚʦʜʷʪʩʷ ʪʝʨʤʠʥʳ (+)- (ʧʨʘʚʦʚʨʘʱʘʶʱʝʛʦ), ʠ (-)- (ʣʝ-

ʚʦʚʨʘʱʘʶʱʝʛʦ) ʠʟʦʤʝʨʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʠʟ ʥʝ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʭ ʠʩʭʦʜʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʠʜʝ ʨʘʮʝʤʠʯʝʩʢʠʭ ʩʤʝʩʝʡ [99]. 

ʈʠʩ. 27. (+) ʠ (-) ʵʥʘʥʪʠʦʤʝʨʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ [M3Q4X3(ʜʠʬʦʩʬʠʥ)3]
+
 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ {M3Q4} ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʦʜʭʦʜʘ. ʇʝʨ-

ʚʳʡ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ ʨʘʮʝʤʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʚʚʝʜʝʥʠʷ ʭʠʨʘʣʴʥʦʛʦ 

ʧʨʦʪʠʚʦʠʦʥʘ, ʥʘʧʨʠʤʝʨ, TRISPHAT  (ʪʨʠʩ(ʪʝʪʨʘʭʣʦʨʦʢʘʪʝʭʦʣʘʪ)ʬʦʩʬʦʨʘ(V), ʨʠʩ. 28), ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ [100]. ʋʩʧʝʰʥʦʩʪʴ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ. ʆʜʥʘʢʦ ʜʣʷ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ [Mo3S4Cl3(dppe)3]
+
 ʨʘʟʜʝʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʘʥʠʦʥʦʚ  

ȹ- ʠ ȿ- TRISPHAT ʥʝ ʫʚʝʥʯʘʣʦʩʴ ʫʩʧʝʭʦʤ [101]. ɺʪʦʨʘʷ ʩʪʨʘʪʝʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʝʨʝʜʘʯʝ ʭʠʨʘʣʴ-

ʥʦʩʪʠ ʚ ʤʝʪʘʣʦʮʝʥʪʨ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʣʝʛʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ.  



43 

 

ʈʠʩ. 28. ȿ-TRISPHAT, ʪʨʠʩ(ʪʝʪʨʘʭʣʦʨʦʢʘʪʝʭʦʣʘʪ)ʬʦʩʬʦʨʘ(V) 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʝʤʝʡʩʪʚʦ ʵʥʘʥʪʠʦʤʝʨʥʦ-ʯʠʩʪʳʭ 

{M 3Q4} ʢʣʘʩʪʝʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʨʝʦʠʟʦʤʝʨʥʦʛʦ ʚʳʨʝʟʘʥʠʷ ʤʦʥʦʤʝʨʦʚ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 

{M 3Q7X2X4/2} n (X = Cl, Br, H) ʬʘʟ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʠʨʘʣʴʥʳʭ ʜʠʬʦʩʬʠʥʦʚ, ʪʘʢʠʭ ʢʘʢ (+) / (ï)-1,2-

ʙʠʩ[2,5-(ʜʠʤʝʪʠʣʬʦʩʬʦʣʘʥ-1-ʠʣ)]ʵʪʘʥ [20]. ʇʦʣʫʯʝʥʳ ʪʘʢʞʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʫʙʘʥʦʚʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʭʠʨʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʮʝʩʩʦʚ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ [102,103]. 

ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʘʤ IUPAC [104], ʦʧʠʩʳʚʘʷ ʘʙʩʦʣʶʪʥʫʶ ʩʪʝʨʝʦʭʠʤʠʶ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ 

ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ E-Z-ʥʦʤʝʥʢʣʘʪʫʨʫ. ʉʣʝʜʫʷ ʧʨʘʚʠʣʘʤ ʧʨʠʦʨʠʪʝʪʘ ʂʘʥʘ-ʀʥʛʦʣʴʜʘ-ʇʨʝʣʦʛʘ 

[105,106], ʢʘʞʜʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʠʤʝʝʪ ʨʘʟʥʳʡ ʧʨʠʦʨʠʪʝʪ. ɽʩʣʠ ʜʚʝ ʛʨʫʧʧʳ  

ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ ʦʪ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʩʚʷʟʠ 

ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ɽ (ʦʪ ʥʝʤʝʮʢʦʛʦ ʩʣʦʚʘ "ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ" entgegen). ɽʩʣʠ ʜʚʝ 

ʛʨʫʧʧʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʥʘʭʦʜʷʪʩʷ ʥʘ ʪʦʡ ʞʝ ʩʪʦʨʦʥʝ ʜʚʦʡʥʦʡ ʩʚʷʟʠ, ʩʚʷʟʠ ʧʨʠ-

ʩʚʘʠʚʘʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ Z (ʦʪ ʥʝʤʝʮʢʦʛʦ ʩʣʦʚʘ "ʚʤʝʩʪʝ" Zusammen).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʦʚ (ʚ ʭʠʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ) ʤʦʞʝʪ ʦʢʘʟʳ-

ʚʘʪʴ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜ ʠ ʥʘ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ, ʥʦ 

ʧʨʠʤʝʨʳ, ʚ ʢʦʪʦʨʳʭ E/Z > 2.5, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʝʜʢʠ [102]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʥʘʥʪʠʦʤʝʨʥʦ 
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ʯʠʩʪʳʝ ʢʣʘʩʪʝʨʳ [Mo3CuS4(L)3ʍ3](X / PF6) (X = Cl, Br) ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʭʠʨʘʣʴʥʳʤʠ 

ʜʠʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ (L = (+)-1,2-ʙʠʩ [(2R,5R)-2,5-(ʜʠʤʝʪʠʣʬʦʩʬʦʣʘʥ-1-ʠʣ)]ʵʪʘʥ (L-R,R) 

ʠ ʝʛʦ (L-S,S) ʵʥʘʥʪʠʦʤʝʨ) ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʚʥʫʪʨʠʤʦʣʝʢʫ-

ʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ (ʨʠʩ. 29) 1-ʜʠʘʟʦ-5-ʛʝʢʩʝʥ-2-ʦʥʘ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʦ-

ʧʘʥʠʨʦʚʘʥʠʷ (ʨʠʩ. 30) ʘʣʢʝʥʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʠʨʝʥ ʠʣʠ 2-ʬʝʥʠʣʧʨʦʧʝʥ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʘʟʦʘʮʝʪʘ-

ʪʦʚ [103]. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʪʠʨʝʥʘ ʩ ʵʪʠʣʜʠʘʟʦʘʮʝʪʘʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘ-

ʮʝʤʘʪʘ rac-[Mo3CuS4(dmpe)3Cl4]
+
 ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 80%, ʘ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ E/Z 

= 2.4, ʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ [Mo3CuS4(L-R,R)3Cl4]
+
 ʚʳʭʦʜ ʮʠʢʣʦ-

ʧʨʦʧʘʥʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 88% ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ ʜʦ E/Z = 2.6, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 
1
H ʗʄʈ  

ʠ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɺ ʩʣʫʯʘʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʚʳʭʦʜʳ ʧʨʦ-

ʜʫʢʪʘ ʜʣʷ ʦʙʦʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʚʳʩʦʢʠ, ʦʜʥʘʢʦ ʨʘʮʝʤʘʪʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʦʢʘʟʘʣʩʷ ʘʢʪʠʚʥʝʝ 

(84% ʠ 95%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) [103].  

ʈʠʩ. 29. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ Ŭ-ʜʠʘʟʦʢʝʪʦʥʘ,  

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ rac-[Mo3CuS4(dmpe)3Cl4]
+
 ʠʣʠ [Mo3CuS4(L-R,R)3Cl4]

+
 

 

ʈʠʩ. 30. ʄʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʩʪʠʨʝʥʘ ʩ ʵʪʠʣʜʠʘʟʦʘʮʝʪʘʪʦʤ,  

ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ rac-[Mo3CuS4(dmpe)3Cl4]
+
 ʠʣʠ [Mo3CuS4(L-R,R)3Cl4]

+
 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ, ʜʠʘʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ)  

ʠ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ (ʤʝʞ- ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ) ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʘʟʘʣʘʩʴ 

ʥʝʚʳʩʦʢʘ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʦʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 31). ʇʝʨʚʳʡ ʩʚʷʟʘʥ ʩ ʜʝʢʦʦʨʜʠʥʘʮʠʝʡ ʛʘ-

ʣʦʛʝʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʠ Cu(I) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʝʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 

{Mo 3Q4CuʉHCOOEt}, ʘ ʚʪʦʨʦʡ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʳʚʦʤ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʦʜʥʦʡ ʠʟ Cu-Q ʩʚʷʟʝʡ  

ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʝʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ {Mo3Q4Cu(X)ʉHCOOEt}. ʆʜʥʘʢʦ ʦʙʘ ʚʘʨʠʘʥʪʘ ʧʨʠ-

ʚʦʜʷʪ ʢ ʩʦʝʜʠʥʝʥʠʶ ʩ ʙʦʣʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʤʝʜʥʳʤ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʦʙʲʝʤʥʳʤ ʬʦʩʬʠʥʦʚʳʤ ʣʠʛʘʥʜʦʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ.  
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ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ [Mo3CuQ4(L)3X3]
+
 (L = (+)-1,2-ʙʠʩ [(2R,5R)-2,5-(ʜʠʤʝʪʠʣʬʦʩʬʦʣʘʥ-

1-ʠʣ)]ʵʪʘʥ (L-R,R) ʠ ʝʛʦ (L-S,S) ʵʥʘʥʪʠʦʤʝʨ, Q = S, Se; X = Br, Cl) Se-ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʦʢʘʟʘʣʠʩʴ ʤʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ, ʥʝʞʝʣʠ ʠʭ S-ʩʦʜʝʨʞʘʱʠʝ ʘʥʘʣʦʛʠ, ʥʦ ʧʨʦʷʚʠʣʠ ʙʦʣʴ-

ʰʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʠʣ 77% ʩ E/Z = 2.3 ʜʣʷ S-ʧʨʦʠʟʚʦʜʥʦʛʦ ʠ 70% ʩ E/Z 

= 2.6 ʜʣʷ Sʝ-ʧʨʦʠʟʚʦʜʥʦʛʦ (X = Cl). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʘʤʝʥʘ ʚ ʩʝʨʫʩʦʜʝʨʞʘʱʝʤ ʢʦʤʧʣʝʢʩʝ 

ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʙʨʦʤʠʜʥʳʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ, ʩʦʧʨʦʚʦʞ-

ʜʘʝʤʦʤʫ ʫʚʝʣʠʯʝʥʠʝʤ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʦ E/Z = 2.6 [107].  

ʈʠʩ. 31. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ ʤʝʜʴ-ʩʦʜʝʨʞʘʱʝʛʦ 

 ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ. ʉʣʝʚʘ ð ʧʦʪʝʨʷ ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʠ Cu(I), 

 ʩʧʨʘʚʘ ð ʨʘʟʨʳʚ ʩʚʟ̫ʠ Cu-Q [107] 
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1. 1. 2. 2. 2. ɸʣʣʠʣʠʨʦʚʘʥʠʝ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ 

"ɿʝʣʝʥʘʷ ʭʠʤʠʷ" ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʠ ʠʥ-

ʜʫʩʪʨʠʘʣʴʥʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʙʦʣʴʰʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʧʦ ʩʥʠʞʝʥʠʶ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʳʟʚʘʥʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ [108]. ʇʦʵʪʦʤʫ ʯʨʝʟʚʳ-

ʯʘʡʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʠʣʠ, ʚ ʠʜʝʘʣʝ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ  

ʠ ʦʪʭʦʜʦʚ. ʍʦʨʦʰʝʡ ʩʪʨʘʪʝʛʠʝʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʨʝʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʤʝʥʴʰʝ ʥʝʞʝʣʘ-

ʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʣʠ ʞʝ ʚʦʦʙʱʝ ʙʝʟʦʪʭʦʜʥʳ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ ʙʳʣ ʨʘʟʨʘ-

ʙʦʪʘʥ ʨʷʜ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; ʥʘʧʨʠʤʝʨ, ʘʣʣʠʣʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠ-

ʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʠʧʠʯʥʳʡ ʧʨʦʮʝʩʩ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʷʟʠ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ [109]. ʉ ʪʦʯʝʢ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʵʢʦʣʦʛʠʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʳ ʘʣʣʠʣʘʮʝʪʘʪʘʤ, -ʢʘʨʙʦʥʘʪʘʤ ʠ -ʛʘʣʦʛʝʥʠʜʘʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙ-

ʩʪʨʘʪʦʚ ʚ ʨʝʘʢʮʠʷʭ ʘʣʣʠʣʠʨʦʚʘʥʠʷ, ʠʜʝʘʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʘʣʣʠʣʦʚʳʝ ʩʧʠʨʪʳ, 

ʪʘʢ ʢʘʢ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ  

ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ, ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʳ ʨʫʪʝʥʠʡ- ʠ ʧʘʣʣʘ-

ʜʠʡ-ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩʳ [110,111]. ʋʯʠʪʳʚʘʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʣʠʣʴʥʳʭ ʩʧʠʨʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʣʢʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʧʦʠʩʢ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʧʨʘʢʪʠʯʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʩʪʘʝʪʩʷ ʧʦʧʫʣʷʨ-

ʥʳʤ. 

ʂʫʙʘʥʦʚʳʡ ʢʣʘʩʪʝʨ [(Cp*)3Mo3S4Pd(dba)][PF6] (Cp*  = ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ  

ɖ5-C5Me5, dba = ʜʠʙʝʥʟʠʣʠʜʝʥʘʮʝʪʦʥ), ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [(Cp*)3Mo3S4][PF6]  

ʩ [Pd(dba)2] ʚ CH2Cl2 [112], ʦʢʘʟʘʣʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʘʣʣʠʣʠʨʦʚʘ-

ʥʠʷ ʘʤʠʥʦʚ ʠ ʘʢʪʠʚʥʳʭ ʤʝʪʠʣʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ (4 ʯʘʩʘ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʢʦʤ-

ʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ), ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʘʣʣʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʣʣʠʣʴʥʳʝ 

ʩʧʠʨʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʨʦʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ (ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʘʩʱʝʧʣʝʥʠʷ 

ʩʚʷʟʠ C-O) [113].  

ʈʠʩ. 32. ʈʝʘʢʮʠʷ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʨʦʥʦʚʦʛʦ ʨʝʘʛʝʥʪʘ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ 

 

ʈʝʘʢʮʠʷ ʘʣʣʠʣʠʨʦʚʘʥʠʷ N-ʤʝʪʠʣʘʥʠʣʠʥʘ (ʨʠʩ. 32) ʠ ʜʨʫʛʠʭ ʩʫʙʩʪʨʘʪʦʚ (ʘʥʠʣʠʥ, 2,4,6-

ʪʨʠʤʝʪʠʣʘʥʠʣʠʥ, N-ʬʝʥʠʣʘʮʝʪʘʤʠʜ, ʜʠʙʝʥʟʠʣʘʤʠʥ, ʬʝʥʠʣʙʝʥʟʠʣʘʤʠʥ) ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʧʨʠʩʫʪ-
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ʩʪʚʠʠ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚ ʨʘʟʣʠʯʥʳʭ ʙʦʨʦʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ: B2O3, BEt3, H3BO3, PhB(OH)2 ʠʣʠ 

B(OMe)3. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣʠ 13-16% ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ B2O3, BEt3, ʚ ʩʣʫʯʘʝ ʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ H3BO3, PhB(OH)2 ʠʣʠ B(OMe)3 ʚʳʭʦʜʳ ʜʦʩʪʠʛʘʣʠ 96-98%. ɺ ʦʪʩʫʪʩʪʚʠʠ ʞʝ ʙʦ-

ʨʦʥʦʚʦʛʦ ʨʝʘʛʝʥʪʘ ʧʨʦʜʫʢʪ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʩʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʘʣʣʘʜʠʝ-

ʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ PdCl2, Pd(dba)2, PdCl2(PPh3)2, ʥʝ ʧʨʦʷʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʠ ʚ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ. ɸʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣ ʪʦʣʴʢʦ Pd(PPh3)4, ʥʦ ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʢʣʘʩʪʝʨʘ 

[(Cp*)3Mo3S4Pd(dba)][PF6]. ʊʨʝʭʲʷʜʝʨʥʳʡ ʧʨʝʢʫʨʩʦʨ [(Cp*)3Mo3S4][PF6], ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʛʝʪʝʨʦ-

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ [{(Cp*)3Mo3S4Ni} 2(COD)][PF6], [(Cp*)3Mo3S4RuH2(PPh3)][PF6]4, 

[(Cp*)3Mo3S4Pd(PPh3)][PF6] [112] ʠ (Cp*)3Mo3S4RuCl3 [114] ʦʢʘʟʘʣʠʩʴ ʥʝʘʢʪʠʚʥʳʤʠ ʚ ʨʝʘʢʮʠʦʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʝʙʦʣʴʰʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 26%) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ ʢʦʤ-

ʧʣʝʢʩʘ [{(Cp*)3Mo3S4Ni} 2(COD)][PF6] ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʘʣʣʠʣʴʥʳʝ ʩʧʠʨʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʪʠʣʴʥʳʝ ʠʣʠ ʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ Ŭ- ʠʣʠ ɔ-ʧʦʣʦʞʝʥʠʠ, 

ʪʘʢʠʝ ʢʘʢ ʢʦʨʠʯʥʳʡ ʩʧʠʨʪ (3-ʬʝʥʠʣ-2-ʧʨʦʧʝʥ-1-ʦʣ), Ŭ-ʚʠʥʠʣʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ, 3-ʙʫʪʝʥ-2-ʦʣ,  

2-ʙʫʪʝʥ-1-ʦʣ, 2-ʤʝʪʠʣ-2-ʧʨʦʧʝʥ-1-ʦʣ, 3-ʤʝʪʠʣ-2-ʙʫʪʝʥ-1-ʦʣ, 2-ʤʝʪʠʣ-3-ʙʫʪʝʥ-2-ʦʣ. ʈʝʛʠʦʩʝʣʝʢ-

ʪʠʚʥʦʩʪʴ ʜʣʷ [(Cp*)3Mo3S4Pd(dba)][PF6] ʦʢʘʟʘʣʘʩʴ ʢʨʘʡʥʝ ʚʳʩʦʢʘ, ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʣʠ-

ʥʝʡʥʳʝ ʧʨʦʜʫʢʪʳ. ʄʠʥʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ (ʚ ʩʣʫʯʘʝ 2-ʤʝʪʠʣ-3-ʙʫʪʝʥ-2-ʦʣʘ) ʩʦʩʪʘʚʠʣ 

85%, ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʧʠʨʪʦʚ ʚʳʭʦʜ ʥʘʭʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 89-95%, ʘ ʩʦʦʪʥʦʰʝʥʠʝ E/Z = 7.6  

ʚ ʩʣʫʯʘʝ 3-ʙʫʪʝʥ-2-ʦʣʘ ʠ 6.2 ʚ ʩʣʫʯʘʝ 2-ʙʫʪʝʥ-1-ʦʣʘ.  

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 33 ʥʘ ʧʨʠʤʝʨʝ H3BO3 ʚ ʢʘʯʝʩʪʚʝ ʙʦ-

ʨʦʥʦʚʦʛʦ ʨʝʘʛʝʥʪʘ. ɻʠʜʨʦʢʩʠʛʨʫʧʧʘ ʘʣʣʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʤʦʞʝʪ ʜʦʥʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʧʘʨʫ ʥʘ 

B, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ˊ-ʘʣʣʠʣʧʘʣʣʘʜʠʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ɿʘʪʝʤ ʥʫʢʣʝʦʬʠʣ ʘʪʘʢʫʝʪ ʠʥ-

ʪʝʨʤʝʜʠʘʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʜʫʢʪʘ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʘʥʘʣʦʛʠʯʝʥ Pd-

ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ BEt3 [115]. ʌʨʘʛʤʝʥʪ {(Cp*)3Mo3S4} 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʲʝʤʥr ʡ ʣʠʛʘʥʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʪʝʨʠʯʝʩʢʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʜʣʷ ʦʙ-

ʨʘʟʦʚʘʥʠ ̫ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 
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ʈʠʩ. 33. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ H3BO3 ʚ ʢʘʯʝʩʪʚʝ ʙʦʨʦʥʦʚʦʛʦ ʨʝʘʛʝʥʪʘ 

 

ʂʦʤʧʣʝʢʩ [(Cp*Mo)3S4Pd(ɖ3-ʘʣʣʠʣ)][PF6]2, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʘ 

[(Cp*)3Mo3S4Pd(dba)][PF6] ʚʠʥʠʣʭʣʦʨʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ AgPF6 (ʨʠʩ. 34), ʵʬʬʝʢʪʠʚʥʦ ʠ ʚ ʤʷʛ-

ʢʠʭ ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʟʠʨʫʝʪ ʘʣʣʠʣʠʨʦʚʘʥʠʝ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʘʨʦʤʘʪʠʯʝ-

ʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ N,N-ʜʠʘʣʢʠʣʘʥʠʣʠʥʘ ʠ ʠʥʜʦʣʘ (ʨʠʩ. 35). 

ʈʠʩ. 34. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ [(Cp*Mo)3S4Pd(ɖ3-ʘʣʣʠʣ)][PF6]2 [116] 
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ʈʠʩ. 35. ʆʙʱʘʷ ʩʭʝʤʘ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ [(Cp*Mo)3S4Pd(ɖ3-ʘʣʣʠʣ)][PF6]2 ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʘ 

 

ɺ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ N,N-ʜʠʤʝʪʠʣʘʥʠʣʠʥʘ ʩ ʢʦʨʠʯʥʳʤ ʩʧʠʨʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʘ 

[(Cp*Mo)3S4Pd(ɖ3-ʘʣʣʠʣ)][PF6]2 ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʜʦʩʪʠʛ 87% ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ  

6 ʯʘʩʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʭʣʦʨʠʜ ʧʘʣʣʘʜʠʷ(II), ʤʦʥʦʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [(ɖ3-ʘʣʣʠʣ)PdCl]2, 

[Pd(PPh3)4], ʭʣʦʨʠʜʳ ʟʦʣʦʪʘ(III), ʞʝʣʝʟʘ(III), ʮʠʥʢʘ(II), ʘ ʪʘʢʞʝ ʢʫʙʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ 

[{(Cp*) 3Mo3S4Ni} 2(COD)][PF6], [(Cp*)3Mo3S4RuH2(PPh3)][PF6]4 ʥʝ ʧʨʦʷʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ [(Cp*)3Mo3S4Pd(dba)][PF6] ʧʨʠʚʦʜʠʪ  

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ ʚʩʝʛʦ ʣʠʰʴ ʩ 38% ʚʳʭʦʜʦʤ [116]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʤʝ-

ʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʥʠʣʠʥʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʄʝʪʘ-ʟʘʤʝʱʝʥʥʳʡ N,N,3-ʪʨʠʤʝʪʠʣʘʥʠʣʠʥ ʥʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦ-

ʙʝʥ, ʧʨʦʜʫʢʪ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 84%. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʦʛʦ  

N,N,4-ʪʨʠʤʝʪʠʣʘʥʠʣʠʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʟʘʤʝʪʥʦ ʥʠʞʝ 35%, ʘ ʦʨʪʘ-ʟʘʤʝʱʝʥʥʳʡ  

N,N,2-ʪʨʠʤʝʪʠʣʘʥʠʣʠʥ ʥʝ ʘʢʪʠʚʝʥ. ʕʪʦʪ ʬʘʢʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʩʦʯʝʪʘʥʠʝʤ ʩʪʝʨʠʯʝʩʢʠʭ ʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʵʬʬʝʢʪʦʚ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 91% ʥʘʙʣʶʜʘʣʩʷ ʜʣʷ 3-ʙʨʦʤʦ-N,N,-

ʜʠʤʝʪʠʣʘʥʠʣʠʥʘ.  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʨʠʯʥʦʛʦ ʩʧʠʨʪʘ ʠ Ŭ-ʚʠʥʠʣʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ N-ʤʝʪʠʣʘʥʠʣʠʥʦʤ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ [(Cp*Mo)3S4Pd(ɖ3-ʘʣʣʠʣ)][PF6]2 ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʦʜʫʢʪ (N-ʤʝʪʠʣ-

N-[(2ɽ)-3-ʬʝʥʠʣʧʨʦʧ2-ʝʥ-1ʠʣ]ʘʥʠʣʠʥ ʩ ʚʳʭʦʜʘʤʠ 95 ʠ 92%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʙʱʠʡ ˊ-ʘʣʣʠʣʧʘʣʣʘʜʠʝʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ (ʧʨʦʜʫʢʪ ʥʘ ʨʠʩ. 34). ɿʘʤʝʱʝʥʥʳʝ ʠʥʜʦʣʳ, ʪʘʢʠʝ ʢʘʢ 

5-ʤʝʪʦʢʩʠʠʥʜʦʣ, 5-ʙʨʦʤʠʥʜʦʣ ʠ 2-ʤʝʪʠʣʠʥʜʦʣ, N-ʤʝʪʠʣ- ʠ N-ʬʝʥʠʣʠʥʜʦʣ ʠ ʜʨ., ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

[(Cp*Mo)3S4Pd(ɖ3-ʘʣʣʠʣ)][PF6]2 ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʣʣʠʣʠʨʦʚʘʥʠʶ ʘʣʣʠʣʴʥʳʤʠ ʩʧʠʨʪʘʤʠ ʩ ʚʳʭʦʜʘ-

ʤʠ ʜʦ 98% ʠ ʚʳʩʦʢʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ [116].  

1. 1. 2. 2. 3. ʈʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʪʨʦʡʥʦʡ ʩʚʷʟʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ 

[Mo3S4(PdCl)(tacn)3][PF6]3 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʣʘʩʪʝʨ [Mo3S4(PdCl)(tacn)3][PF6]3 (tacn = 1,4,7-ʪʨʠʘʟʘʮʠʢʣʦʥʦʥʘʥ, 

ʨʠʩ. 36) ʤʦʞʝʪ ʧʨʦʤʦʪʠʨʦʚʘʪʴ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩʧʠʨʪʦʚ ʢ ʵʬʠʨʘʤ ʘʣʢʠʥʦʚʳʭ 
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ʢʠʩʣʦʪ (ʨʠʩ. 36, 37) ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (ɽ-ʠʟʦʤʝʨ ʠ ʧʨʝʜʝʣʴʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠʩʦʝʜʠʥʝ-

ʥʠʷ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʩ ʚʳʭʦʜʦʤ ʤʝʥʝʝ 3%), ʢʦʪʦʨʘʷ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Pd (Na2[PdCl4], Pd(OAc)2, Pd(dba)2, [PdCl2(PhCN)2] ʠ [PdCl2(PPh3)2]), ʠ ʧʦʜʘʚʣʷʪʴ 

ʧʨʠ ʵʪʦʤ ʦʣʠʛʦʤʝʨʠʟʘʮʠʶ ʘʣʢʠʥʦʚ. ʄʠʥʠʤʘʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʣʷʣʘ 93% ʚ ʩʣʫʯʘʝ ʵʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ 4-ʬʝʥʠʣʙʫʪ-3-ʝʥʦʚʦʡ ʢʠʩʣʦʪʳ [117].  

ʈʠʩ. 36. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʥʦʣʘ ʩ ʤʝʪʠʣʧʨʦʧʠʦʣʘʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʘ [Mo3S4(PdCl)(tacn)3][PF6]3 

 

ʈʠʩ. 37. ʉʪʨʦʝʥʠʝ (ʩʣʝʚʘ ʚʥʠʟʫ) ʣʠʛʘʥʜʘ tacn (1,4,7-ʪʨʠʘʟʘʮʠʢʣʦʥʦʥʘʥ) ʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ  

ʨʝʘʢʮʠʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʧʠʨʪʦʚ ʢ ʵʬʠʨʘʤ ʘʣʢʠʥʦʚʳʭ ʢʠʩʣʦʪ 

 

ɺʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʧʠʨʪʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʤʝ-

ʭʘʥʠʟʤʦʤ ʨʝʘʢʮʠʠ (ʨʠʩ. 37). ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ ʵʬʠʨʘ 

ʘʣʢʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʢ Pd ʚ ʢʣʘʩʪʝʨʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʦʡ ʩʧʠʨʪʘ ʥʘ ʵʣʝʢʪʨʦʥʦ-
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ʜʝʬʠʮʠʪʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦ-

ʪʦʥ ʘʪʘʢʫʝʪ ʧʦ ʩʚʷʟʠ Pd-C ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʘʥʩ-ʧʨʦʜʫʢʪʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʪʝʪʨʘʵʜʨʠ-

ʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ Pd ʚ ʢʫʙʘʥʦʚʦʤ ʢʦʤʧʣʝʢʩʝ, ʫ ʧʘʣʣʘʜʠʷ ʝʩʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʚʘʢʘʥʪʥʦʝ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʘʣʢʠʥʘ.  

ʂʨʦʤʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʥʦʣʘ ʢ ʤʝʪʠʣʧʨʦʧʠʦʣʘʪʫ ʢʣʘʩʪʝʨ 

[Mo3S4(PdCl)(tacn)3][PF6]3 ʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʨʙʦ-

ʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʤ ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʣʢʠʥʘʤ (ʨʠʩ. 38). ɼʦ ʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ ʥʝ 

ʙʳʣʦ ʦʧʠʩʘʥʦ ʥʠ ʦʜʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʪʝʨ-

ʤʠʥʘʣʴʥʳʤʠ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤʠ ʘʮʝʪʠʣʝʥʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩ-

ʣʦʪʳ, ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʦʞʥʳʭ Z-ʚʠʥʠʣʦʚʳʭ ʵʬʠʨʦʚ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʘʣʣʘ-

ʜʠʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ([Pd(OAc)2], [PdCl2(PPh3)2], 

[PdCl2(PhCN)2], [Pd(PPh3)4]), ʘ ʪʘʢʞʝ ʢʫʙʘʥʦʚʳʡ ʢʣʘʩʪʝʨ [Mo3S4PdCl(H2O)9]Cl3, [Ru(p-

cymene)(PMe3)Cl2] (p-cymene = 1-ʤʝʪʠʣ-4-(1-ʤʝʪʠʣʵʪʠʣ)ʙʝʥʟʦʣ), [Ru{ɖ
3
-

CH2C(Me)=CH2} 2{Ph2(CH2)4PPh2}] ʠ ʤʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʨʦʜʠʷ [RhCl(PPh3)3] ʥʝ ʧʨʠʚʦʜʠʣʠ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ Z-ʠʟʦʤʝʨʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ [Mo3S4(PdCl)(tacn)3][PF6]3 ʤʠʥʠʤʘʣʴ-

ʥʘʷ ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʠʣʘ 91%, ʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ Z-ʠʟʦʤʝʨʦʚ ʙʳʣʘ ʚʳʰʝ 97% ʩ ʚʳ-

ʭʦʜʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 51% ʜʦ 85%. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ ʟʥʘʯʝʥʠʝ TON 

ʩʦʩʪʘʚʠʣʦ 2500 ʙʝʟ ʧʦʪʝʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ [118]. 

ʈʠʩ. 38. ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʤ  

ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʣʢʠʥʘʤ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ [Mo3S4(PdCl)(tacn)3][PF6]3 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 39. ʉʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ  ʢʦʦʨʜʠ-

ʥʘʮʠʷ ʘʮʝʪʠʣʝʥʘ ʢ Pd ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʦʡ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ ʧʦ ʪʝʨʤʠʥʘʣʴ-

ʥʦʤʫ ʘʮʝʪʠʣʝʥʦʚʦʤʫ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦ-

ʚʘʥʠʶ ʚʠʥʠʣ-ʧʘʣʣʘʜʠʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ɿʘʪʝʤ ʧʨʦʪʦʥ ʘʪʘʢʫʝʪ ʩʚʷʟʴ Pd-C ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʩʪʝ-

ʨʝʦʭʠʤʠʠ ʧʨʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʠ ʦʙʨʘʟʫʝʪʩʷ ʪʨʘʥʩ-ʧʨʦʜʫʢʪ.  
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ʈʠʩ. 39. ʄʝʭʘʥʠʟʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʤ ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʣʢʠʥʘʤ 

 

ʂʦʤʧʣʝʢʩ [Mo3S4(PdCl)(tacn)3][PF6]3 ʪʘʢʞʝ ʢʘʪʘʣʠʟʠʨʫʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʮʠʢʣʠʟʘ-

ʮʠʶ 3-, 4- ʠ 5-ʘʣʢʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʥʦʣʴʥʳʭ 

ʣʘʢʪʦʥʦʚ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʷʭ, ʧʘʣʣʘʜʠʝʚʳʝ ʠ ʨʦʜʠʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʢʘʟʘʣʠʩʴ ʥʝʘʢ-

ʪʠʚʥʳʤʠ ʚ ʣʘʢʪʦʥʠʟʘʮʠʠ ʘʣʢʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʅʘʧʨʦʪʠʚ, 2,2-ʜʠʤʝʪʠʣ-5-ʛʝʢʩʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʧʨʝ-

ʚʨʘʱʘʝʪʩʷ ʚ 3,3-ʜʠʤʝʪʠʣ-6-ʤʝʪʠʣʝʥ-2-ʧʠʨʦʥ ʩ ʚʳʭʦʜʦʤ 98% ʧʦʩʣʝ 3-ʭ ʯʘʩʦʚ ʨʝʘʢʮʠʠ ʚ ʘʮʝʪʦʥʠ-

ʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [Mo3S4(PdCl)(tacn)3][PF6]3 ʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (3 ʤʦʣ%) NEt3, ʘ TON 

ʜʦʩʪʠʛʘʝʪ 300 (ʨʠʩ. 40). ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʥʫʢʣʝʦʬʠʣʴ-

ʥʫʶ ʘʪʘʢʫ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ ʧʦ ʩʚʷʟʠ ʉſʉ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʢ Pd ʘʮʝʪʠʣʝʥʘ, ʟʘ ʢʦʪʦʨʦʡ 

ʩʣʝʜʫʝʪ ʘʪʘʢʘ ʧʨʦʪʦʥʘ ʧʦ ʩʚʷʟʠ Pd-C, ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʨʝʘʢʮʠʷʤ [119]. 

ʈʠʩ. 40. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ 2,2-ʜʠʤʝʪʠʣ-5-ʛʝʢʩʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 3,3-ʜʠʤʝʪʠʣ-6-ʤʝʪʠʣʝʥ-2-ʧʠʨʦʥ 

 

ɼʣʷ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ [Mo3S4(PdCl)(tacn)3][PF6]3 ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ [120].  

1. 1. 2. 3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣ (ʥʠʪ-

ʨʦʛʝʥʘʟʳ) 

ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʘʟʦʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ  

ʠ ʙʝʣʢʦʚ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤ ʚʩʝʤ ʦʨʛʘʥʠʟʤʘʤ. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʞʝ ʧʨʠ ʪʦʤ, 

ʯʪʦ ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩʦʜʝʨʞʘʥʠʝ N2 ʩʦʩʪʘʚʣʷʝʪ 79%, ʵʪʦʪ ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ ʠʥʝʨʪʝʥ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʚ ʙʠʦʩʠʥʪʝʟʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʧʨʠʛʦʜʥʳʝ ʢ ʫʧʦ-
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ʪʨʝʙʣʝʥʠʶ ʬʦʨʤʳ, ʥʘʧʨʠʤʝʨ, ʘʤʤʠʘʢ. ɺ ʧʨʠʨʦʜʝ ʬʝʨʤʝʥʪ ʥʠʪʨʦʛʝʥʘʟʘ ʢʘʪʘʣʠʟʠʨʫʝʪ Mgɸʊʌ-

ʟʘʚʠʩʠʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ N2 ʜʦ ʘʤʤʠʘʢʘ [121,122]: 

N2 + 8H
+
 + 8e

-
 +16MgATʌ Ÿ 2NH3 + H2 + 16MgAɼʌ + 16Pi  

ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʫʪʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʘʟʦʪʘ ʜʦ ʘʤʤʠʘʢʘ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ɻʘʙʝʨʘ, ʚ ʢʦʪʦʨʦʤ N2 ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ H2 ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ (300-400Áʉ) ʠ ʜʘʚʣʝʥʠʠ (~250 ʘʪʤ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʝʣʝʟʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʅʝʩʤʦʪ-

ʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʦʯʪʠ 100 ʣʝʪ ʥʘʟʘʜ ʠ ʝʤʫ ʩʦʧʫʪʩʪʚʫʶʪ ʦʛʨʦʤʥʳʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʟʜʝʨʞʢʠ, ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʝ, ʵʢʦʣʦʛʠʯʥʳʝ ʠʣʠ ʵʬʬʝʢʪʠʚʥʳʝ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ ʧʦʢʘ ʥʝ ʥʘʡʜʝʥʳ.  

ɹʳʣʦ ʧʨʝʜʧʨʠʥʷʪʦ ʤʥʦʞʝʩʪʚʦ ʧʦʧʳʪʦʢ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʪʦʧʦʣʦʛʠʶ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ 

FeMo-ʢʦʬʘʢʪʦʨʘ ʥʠʪʨʦʛʝʥʘʟʳ (ʨʠʩ. 41), ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʤʦʱʴʶ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʷʜʨʘʤʠ 

{Mo 2Fe6S9}, {Mo 2Fe6S9}, {Fe8S6O}, {MFe3S4} (M = Mo, W) (ʨʠʩ. 42).  

ʈʠʩ. 41. ʉʪʨʫʢʪʫʨʘ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ FeMo-ʢʦʬʘʢʪʦʨʘ, His = ʛʠʩʪʠʜʠʥ, L-2-ʘʤʠʥʦ-3-(1H-ʠʤʠʜʘʟʦʣ-4-ʠʣ)ʧʨʦʧʘʥʦʚʘʷ 

ʢʠʩʣʦʪʘ; Cys = ʮʠʩʪʝʠʥ, 2-ʘʤʠʥʦ-3-ʤʝʨʢʘʧʪʦʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ [123] 
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ʈʠʩ. 42. ʂʣʘʩʪʝʨʳ, ʚʳʩʪʫʧʘʚʰʠʝ ʤʦʜʝʣʷʤʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ FeMo-ʢʦʬʘʢʪʦʨʘ, ʧʦ ʧʦʨʷʜʢʫ: [Mo2Fe6S9(SEt)8]
3-
 [124], 

[(Tp)2Mo2Fe6S9(SH)2]
3-
 (Tp = ʪʨʠʩ(ʧʠʨʘʟʦʣʠʣ)ʛʠʜʨʦʙʦʨʘʪ(1-)) [125],  

[(DmpS)Fe4S3O][(DmpS)Fe4S3](ɛ-SDmp)2(ɛ-OCPh3) (Dmp = 2,6-(ʤʝʟʠʪʠʣ)2C6H3) [126], [MFe3S4(SR)3((C3H5)2cat)L]
2-
,
3-
 

(M = Mo, W; R = Et, p-C6H4Cl; (C3H5)2cat = 3,6-ʜʠʘʣʣʠʣʢʘʪʝʭʦʣʘʪ; L = p-ClC5H4S
-
, PhO

-
, CN

-
, PEt3) [127], 

[MoFe3S4Cl3L]
3-
 (L = ʦʢʩʘʣʘʪ, ʮʠʪʨʘʪ, ʮʠʪʨʘʤʘʣʘʪ) [128], [(Tp)MoFe3S4Cl3]

-
 [129] 

 

ʆʜʥʘʢʦ ʵʪʠ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʧʨʦʷʚʠʣʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʟʦʪʘ ʜʦ ʘʤʤʠʘʢʘ. ʅʘʧʨʦʪʠʚ, ʤʦʥʦ- ʠ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ ʠ ʤʦʣʠʙʜʝʥʘ 

ʩ ʭʝʣʘʪʠʨʫʶʱʠʤʠ ʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 43) ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʘʟʦʪʦʤ, ʥʘʧʨʠʤʝʨ, 

ʢʦʤʧʣʝʢʩʳ ʩ PNP ʧʠʥʮʝʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [Mo(N2)2(PNP)]2(ɛ-N2) ʠ [Mo(N2)2(PNP)]2(P) [130,131] 

ʦʢʘʟʘʣʠʩʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳ. ɿʥʘʯʝʥʠʷ TOF ʜʣʷ ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʩʪʠʛʘʣʠ  

28 ʯ
-1

 ʧʨʠ TON = 46, ʘ ʚʳʭʦʜ ʘʤʤʠʘʢʘ ʜʦʩʪʠʛʘʣ 49%, ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʣ-

ʩʷ ʚʦʜʦʨʦʜ ʩ ʚʳʭʦʜʦʤ 37%, ʨʠʩ. 44) [131].  

ʈʠʩ. 43. ʇʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ Fe ʠ Mo ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʣʠʛʘʥʜʦʤ N2 
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ʈʠʩ. 44. ʆʙʨʘʟʦʚʘʥʠʝ ʘʤʤʠʘʢʘ ʠʟ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʙʘʣʴʪʦʮʝʥʘ ʠ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʬɹʦʥʘʪʘ  

2,6-ʣʫʪʠʜʠʥʘ, ʢʘʪʘʣʠʟʘʪʦʨ [Mo(N2)2(PNP)]2(ɛ-N2) (PNP = 2,6-ʙʠʩ(ʜʠ-ʪʨʝʪ-ʙʫʪʠʣʬʦʩʬʠʥʦ)ʤʝʪʠʣʧʠʨʠʜʠʥ) 

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʤʦ-

ʣʠʙʜʝʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ (ɛ-N2) ʣʠʛʘʥʜʦʤ ʧʨʠ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʦʜʥʦʛʦ ʠʟ ʣʠʛʘʥ-

ʜʦʚ N2 ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʦʪ ʦʜʥʦʛʦ ʘʪʦʤʘ Mo ʯʝ-

ʨʝʟ ʤʦʩʪʠʢʦʚʳʡ ʘʟʦʪʥʳʡ ʣʠʛʘʥʜ ʥʘ ʜʨʫʛʦʡ ʘʪʦʤ Mo, ʘʢʪʠʚʠʨʫʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʪʝʨʤʠʥʘʣʴʥʳʡ 

ʘʟʦʪʥʳʡ ʣʠʛʘʥʜ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʪʦʥʘ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʜʠʥ 

ʤʦʣʠʙʜʝʥʦʚʳʡ ʬʨʘʛʤʝʥʪ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʦʣʠʛʘʥʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʦʤʫ ʤʦʣʠʙ-

ʜʝʥʦʚʦʤʫ ʬʨʘʛʤʝʥʪʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʢʘʪʘʣʠʟʘʪʦʨʘ (ʨʠʩ. 45). ʆʙʨʘʟʦʚʘʥʠʝ 

ʘʤʤʠʘʢʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠ-

ʩʪʝʤʝ. ʇʦʜʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʘʤʤʠʘʢʘ.  

ʈʠʩ. 45. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʟʦʪʘ ʜʦ ʘʤʤʠʘʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ [Mo(N2)2(PNP)]2(ɛ-N2) 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ FeMo-ʢʦʬʘʢʪʦʨʘ ʥʠʪʨʦʛʝʥʘʟʳ ʩʦʜʝʨʞʠʪ ʮʝʥʪʨʘʣʴʥʳʡ ʢʘʨ-

ʙʠʜʥʳʡ ʣʠʛʘʥʜ (ʨʠʩ. 41). ʆʜʥʘʢʦ ʢʦʦʨʜʠʥʘʮʠʷ ʢʘʨʙʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʢ ʤʦʣʝʢʫʣʷʨʥʳʤ ʤʝʪʘʣʣ-

ʩʫʣʴʬʠʜʥʳʤ ʢʣʘʩʪʝʨʘʤ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ʆʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ, 

ʚʣʠʷʝʪ ʣʠ ʢʘʨʙʠʜʥʳʡ ʣʠʛʘʥʜ ʥʘ ʧʦʪʝʥʮʠʘʣ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʤʦʜʝʣʴʥʳʭ ʢʣʘʩʪʝʨʘʭ, ʧʦʩʢʦʣʴʢʫ,  

ʢ ʧʨʠʤʝʨʫ, ʟʘʤʝʥʘ ʩʫʣʴʬʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʠʤʠʜʥʳʝ ʚ ʢʣʘʩʪʝʨʘʭ {Fe4S3X} (X = S, NR) ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʜʚʠʛʫ ʧʦʪʝʥʮʠʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ -0.4 ɺ [132]. ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʩʪʫʱʝʝ ʯʠʩʣʦ ʢʦʤʧʣʝʢ-

ʩʦʚ ʩ ʢʘʨʙʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ [133ï135], ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʦʜʝʨʞʘʱʠʝ ʢʘʨʙʠʜʳ ʤʝ-

ʪʘʣʣ-ʩʫʣʴʬʠʜʥʳʝ ʢʣʘʩʪʝʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʚʳʩʪʫʧʠʪʴ ʚ ʨʦʣʠ ʤʦʜʝʣʝʡ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ 

FeMo-ʢʦʬʘʢʪʦʨʘ, ʧʨʠʤʝʨʳ ʢʣʘʩʪʝʨʦʚ ʩ ʤʦʩʪʠʢʦʚʳʤʠ ʢʘʨʙʠʜʘʤʠ ʠʟʚʝʩʪʥʳ ʪʦʣɹʢʦ ʜʣʷ ʢʣʘʩʪʝʨʦʚ 

Re [136].  

ʅʝʜʘʚʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [(Cp')3M3S4M'L]OTs (M = Mo, W ʠ M' = Pd, Pt; L' = dba, nor 

ï ʥʦʨʙʦʨʥʝʥ, ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪ-2-ʝʥ; OTs ï p-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ) ʩ ʢʘʨʙʠʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʫ-

ʪʝʥʠʷ (PCy3)2(Cl)2RuC (PCy3 ï ʪʨʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥ) [137] ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʩ ʢʫʙʘʥʦʚʳʤ ʷʜʨʦʤ {M3S4M'} ʠ ʪʝʨʤʠʥʘʣʴʥʳʤ ʢʘʨʙʠʜʦʤ 

[(Cy3P)2Cl2RuſCīM'S4(MCp')3]OTs (ʨʠʩ. 46). ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʣʠʛʘʥʜ RuſC ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʠʡ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʡ ʵʬʬʝʢʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ PPh3, ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʜʚʠʛʘʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ. ʎʠʢ-

ʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʜʣʷ [(Cp')3M3S4M'L]
+
 (L = ʢʘʨʙʠʜʥʳʡ ʢʦʤʧʣʝʢʩ Ru, PPh3) ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʪ ʦʜʥʫ ʦʙʨʘʪʠʤʫʶ ʚʦʣʥʫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʚʫʭ-

ʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ. ʈʘʟʥʠʮʘ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ ʥʘ ʧʨʠʤʝʨʝ 

ʢʦʤʧʣʝʢʩʦʚ ʩ W ʠ Pd ʩʦʩʪʘʚʣʷʝʪ 0.11, 0.16 ʠ 0.56 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [138]. ʆʧʠʩʘʥʥʳʝ ʢʘʨʙʠʜ-

ʩʦʜʝʨʞʘʱʠʝ ʩʫʣʴʬʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʘʢʪʠʚʥʳʭ Fe-Mo ʮʝʥʪʨʦʚ ʥʠʪʨʦʛʝʥʘʟʳ, ʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʟʫ-

ʯʝʥʠʷ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʨʝʘʢʮʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʟʦʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʧʝʨ-

ʚʳʝ ʧʨʠʤʝʨʳ ʢʦʦʨʜʠʥʘʮʠʠ ʢʘʨʙʠʜʘ ʚ ʭʠʤʠʠ ʢʣʘʩʪʝʨʦʚ Mo ʠ W.  

ʈʠʩ. 46. ʇʦʣʫʯʝʥʠʝ ʢʫʙʘʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤ ʢʘʨʙʠʜʦʤ 
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1. 1. 2. 4. ɼʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʩʚʷʟʠ NīN 

ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʣʘʩʪʝʨʳ {Mo3S4Ru} ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʱʝʧʣʷʶʪ ʩʚʷʟʴ NīN ʚ ʛʠʜʨʘ-

ʟʠʥʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʪʘ-

ʢʠʤʠ ʢʘʢ NH3, NH2 ʠ NHNH2. ʂʣʘʩʪʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [(Cp*)3Mo3S4RuH2(PCy3)][PF6] ʠ ʤʝʥʝʝ ʘʢ-

ʪʠʚʥʳʡ [(Cp*)3Mo3S4RuH2(PPh3)][PF6] ʢʘʪʘʣʠʟʠʨʫʶʪ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʛʠʜʨʘʟʠʥʘ ʜʦ ʘʤ-

ʤʠʘʢʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ (ʫʨ. 6), ʘ ʪʘʢʞʝ ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ ʜʦ ʘʤʤʠʘʢʘ, ʘʥʠʣʠʥʘ, ʙʝʥʟʦʣʘ  

ʠ ʘʟʦʪʘ (ʫʨ. 7).  

3 H2NðNH2 Ÿ 4 NH3 + N2          (6) 

2 PhNHNH2 Ÿ PhNH2 + N2 + PhH + NH3       (7) 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 333 ʂ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 20 ʤʦʣʴ NH3 ʠ ʦʢʦʣʦ 5 ʤʦʣʴ N2 ʥʘ ʤʦʣʴ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ ʩ (PCy3), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʩ ʪʨʠʬʝʥʠʣ-

ʬʦʩʬʠʥʦʤ ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ 6.6 ʤʦʣʴ ʘʤʤʠʘʢʘ ʠ ʦʢʦʣʦ 1.6 ʤʦʣʴ ʘʟʦʪʘ. ɸʚʪʦʨʳ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠ, 

ʧʦʯʝʤʫ ʟʘʤʝʥʘ PPh3 ʥʘ PCy3 ʦʢʘʟʳʚʘʝʪ ʩʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʵʪʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʙʳʣʠ ʤʝʥʝʝ ʘʢʪʠʚʥʳ, ʯʝʤ ʤʦʥʦʷʜʝʨʥʳʝ ʪʠʦʣʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Mo ʠ Ru [139]. 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  2  

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʦʙʟʦʨʝ 

 ʉʦʝʜʠʥʝʥʠʝ ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʉʩʳʣʢʘ 

1 

[(Cp')2Mo2S4Co2(CO)2], 

[(Cp')2Mo2S4Fe2(CO)6], 

[(Cp')2Mo2S4Ni2(CO)2] 

ʈʝʘʢʮʠʷ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʪʠʦʬʝʥʘ [87] 

2 

[{(Cp')3Mo3S4Ni} 2(ɛ-

C4H8S2)](pts)2 ʠ 

[{(Cp')3Mo3S4Ni} 2(ɛ-bpy)](pts)2  

ɻʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ ʠ ʛʠʜʨʦʜʝʘʟʦʪʠ-

ʨʦʚʘʥʠʝ (ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ) 
[89] 

3 
[Mo3S4{NiC l}(H 2O)9]

3+
 / ʮʝʦʣʠʪʳ 

NaY, HUSY, KL, NaMOR, NaH ɓ 
ɻʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ ʙʝʥʟʦʪʠʦʬʝʥʘ [80,81] 

4 

[(Cp')3Mo3S4M'Lx](pts)y (M' =Ru, 

Rh, Ir, Pd, Pt; L' = CO, COD, COE, 

PPh3, ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪ-2-ʝʥ) 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʥʘʬʪʘʣʠʥʘ ʜʦ ʪʝʪʨʘʣʠʥʘ, 

HDS ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʜʦ ʙʠʬʝʥʠʣʘ ʠ 

ʮʠʢʣʦʛʝʢʩʠʣʙʝʥʟʦʣʘ ʠ HDN ʠʥʜʦʣʘ ʜʦ 

ʵʪʠʣʙʝʥʟʦʣʘ ʠ ʵʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ 

[92] 

5 

[Mo3CuS4(L)3X3]
+
 , L = (+)-1,2-ʙʠʩ 

[(2R,5R)-2,5-(ʜʠʤʝʪʠʣʬʦʩʬʦʣʘʥ-

1-ʠʣ)]ʵʪʘʥ (L-R,R) ʠ ʝʛʦ (L-S,S) 

ʵʥʘʥʪʠʦʤʝʨ, dmpe 

ʈʝʘʢʮʠʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠ ʤʝʞʤʦ-

ʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ  
[103,107] 

6 [(Cp*Mo)3S4Pd(dba)]
+
 

ɸʣʣʠʣʠʨʦʚʘʥʠʝ ʘʤʠʥʦʚ ʠ ʘʢʪʠʚʥʳʭ ʤʝ-

ʪʠʣʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘ-

ʯʝʩʪʚʝ ʘʣʣʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʘʣʣʠʣʴʥʳʝ ʩʧʠʨʪʳ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ H3BO3 

[113] 
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 ʉʦʝʜʠʥʝʥʠʝ ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʉʩʳʣʢʘ 

7 [(Cp*Mo)3S4Pd(ɖ3-ʘʣʣʠʣ)]
+
 

ɸʣʣʠʣʠʨʦʚʘʥʠʝ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠ-

ʥʝʥʠʡ 

[140] 

8 [Mo3S4(PdCl)(tacn)3]
3+

 
Cʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩʧʠʨ-

ʪʦʚ ʢ ʵʬʠʨʘʤ ʘʣʢʠʥʦʚʳʭ ʢʠʩʣʦʪ 
[117] 

9 [Mo3S4(PdCl)(tacn)3]
3+

 

Cʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʨ-

ʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʤ 

ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʣʢʠʥʘʤ 
[119] 

10 [Mo3S4(PdCl)(tacn)3]
3+

 

ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ 3-, 4- ʠ 

5-ʘʣʢʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʥʦʣʴʥʳʭ ʣʘʢʪʦʥʦʚ 

11 
[(Cp*)3Mo3S4RuH2(PCy3)][PF6] ʠ 

[(Cp*)3Mo3S4RuH2(PPh3)][PF6] 

ɼʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʩʚʷʟʠ N-N ʚ 

ʛʠʜʨʘʟʠʥʘʭ 
[139] 

 

1. 2. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

1. 2. 1. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {M3Q4} 

1. 2. 1. 1. ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ɺ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ {M3Q4} ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʂCʕ, ʜʦʩʪʫʧ-

ʥʳʭ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʨʘʚʥʦ 6 (ʦʪ ʪʨʝʭ ʮʝʥʪʨʦʚ Mo
IV

 ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d
2
), ʯʪʦ 

ʬʦʨʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʤ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʤ ʩʚʷʟʷʤ M-M. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʧʦʣʠʵʜʨʦʤ 

ʤʝʪʘʣʣʘ ʷʚʣʷʝʪʩʷ ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ (ʝʩʣʠ ʥʝ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʩʚʷʟʠ ʄ-ʄ). ɸʥʘʣʠʟ 

ʩʚʷʟʳʚʘʥʠʷ ʚ ʢʣʘʩʪʝʨʝ {Mo3S4} ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʧʦʟʚʦʣʷʝʪ 

ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʠʨʦʚʢʫ {Mo3S4} ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʭʠʤʠʯʝʩʢʫʶ ʝʜʠʥʠʮʫ ʚ ʧʝʨʚʦʡ ELF-

ʙʠʬʫʨʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ (ELF  ï ʬʫʥʢʮʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ) (ʨʠʩ. 47),  

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʚʷʟʴ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʚʥʫʪʨʠ {Mo3} ʪʨʝʫʛʦʣʴʥʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʜʠʩʠʥʘʧ-

ʪʠʯʝʩʢʠʤʠ ʙʘʩʩʝʡʥʘʤʠ V(ʄʦ, ʄʦ) ʠ ʦʜʥʠʤ ʪʨʠʩʠʥʘʧʪʠʯʝʩʢʠʤ ʙʘʩʩʝʡʥʦʤ V(ʄʦ, ʄʦ, ʄʦ). ʈʘʩ-

ʯʝʪʳ ʟʘʩʝʣʝʥʥʦʩʪʠ ʙʘʩʩʝʡʥʘ ʠ ʢʦʚʘʨʠʘʮʠʡ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʩʚʷ-

ʟʳʚʘʥʠʷ Mo-(ɛ2-S)-Mo [141,142]. ʆ ʧʦʜʦʙʥʦʡ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʜʘʚʘʣʠ ʧʦʥʷʪʴ ʠ ʙʦʣʝʝ ʨʘʥʥʠʝ ʧʦ-

ʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʩʚʷʟʳ-

ʚʘʥʠʝ Mo(d)-S(ʨˊ), ʧʨʠʚʦʜʷʱʝʝ ʢ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʤʢʥʫʪʦʡ d-ʨˊ ʩʠʩʪʝʤʝ Mo3(ɛ2-S)3, ʩ ʩʠʣʴʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʤʠ ʪʨʝʭʮʝʥʪʨʦʚʳʤʠ ʩʚʷʟʷʤʠ Mo-(ɛ2-

S)-Mo. ʊʘʢʘʷ ʜʝʣʦʢʘʣʠʟʘʮʠʷ ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʢʦʥʮʝʧʮʠʝʡ "ʢʚʘʟʠ-ʘʨʦʤʘʪʠʯʥʦʩʪʠ", ʦ ʯʝʤ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʶʪ ʨʘʩʯʝʪʳ ab initio ʧʦ ʍʘʨʪʨʠ-ʌʦʢʫ [143ï147]. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ "ʢʚʘʟʠ-

ʘʨʦʤʘʪʠʯʥʦʩʪʠ" ʛʝʪʝʨʦʮʠʢʣʦʚ {M3OnQ4-n} (M = Mo, W; Q = S, Se; n = 0-4) ʙʳʣʠ ʦʙʲʷʩʥʝʥʳ ʦʩ-

ʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ {M3Q4}, ʥʘʧʨʠʤʝʨ, ʩʧʦʩʦʙʥʦʩʪʴ,  

ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʘʥʘʣʦʛʦʚ {M3OnX4-n}(X = Cl, Br; n = 0-4), ʦʙʨʘʟʦʚʳʚʘʪʴ [3+1] ʢʫ-

ʙʘʥʦʚʳʝ ʢʣʘʩʪʝʨʳ. ʉʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʛʘʣʦʛʝʥʠʜʥʳʭ  
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ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʜʥʠʤ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʦʪʣʠʯʠʡ ʷʚʣʷʝʪʩʷ d-ʨˊ ʩʚʷʟʳʚʘʥʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʝ ʚ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠ ʠʩʢʣʶ-

ʯʘʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʣʴʥʦʡ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦ-

ʤʦʚ ʛʘʣʦʛʝʥʘ ʧʦ ʚʘʢʘʥʪʥʳʤ d-ʦʨʙʠʪʘʣʷʤ ʤʝʪʘʣʣʘ. ɼʨʫʛʦʝ ʦʪʣʠʯʠʝ ð ʵʪʦ ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʪʘʣʣ-

ʤʝʪʘʣʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ d-ʦʨʙʠʪʘʣʝʡ ʩ M-X -́ʩʚʷʟʳʚʘʥʠʝʤ ʚ ʬʨʘʛʤʝʥʪʝ {ʄ3(ɛ2-X)3}. ʕʪʘ ʢʦʥʢʫ-

ʨʝʥʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʩʣʘʙʣʝʥʠʝ d-ʨˊ ʩʚʷʟʳʚʘʥʠʷ ʚ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚʳʟʳʚʘʝʪ 

ʫʩʠʣʝʥʠʝ ʩʚʷʟʳʚʘʥʠʷ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ. ʅʠ ʦʜʠʥ ʠʟ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ {M3X4
4+

} (M = Mo, W, 

X = Cl, Br; n = 0-4) ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ "ʢʚʘʟʠ-ʘʨʦʤʘʪʠʯʥʦʛʦ" ʭʘʨʘʢʪʝʨʘ, ʧʨʠʩʫʱʝʛʦ ʢʣʘʩʪʝʨʘʤ 

{M 3X4
4+

}(X = S, Se, n = 0-4). ʕʪʠ ʜʚʝ ʧʨʠʯʠʥʳ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʣʘʙʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ [3 + 1] ʧʨʠʩʦʝʜʠʥʝʥʠʠ [148].  

ʈʠʩ. 47. ɼʠʘʛʨʘʤʤʘ ʜʝʨʝʚʘ ʙʠʬʫʨʢʘʮʠʡ ELF ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Mo3S4Cl3(PH3)6]
+
 [141] 

 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʄʆ ʜʣʷ ʢʣʘʩʪʝʨʦʚ M3Q4 (M = Mo, W; Q = 

S, Se) ʚ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ C3v-ʩʠʤʤʝʪʨʠʠ ʜʘʝʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʯʝʪʳʨʝ 

ʩʚʷʟʳʚʘʶʱʠʭ (1a1, 1ʝ ʠ 2ʘ1) ʠ ʧʷʪʴ ʨʘʟʨʳʭʣʷʶʱʠʭ (2ʝ, 3ʝ, ʘ2) ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʨʠʩ. 48) 

[149,150]. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʩʭʝʤʝ ʢʣʘʩʪʝʨʳ M3Q4 ʷʚʣʷʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʰʝʩʪʴ 

ʵʣʝʢʪʨʦʥʦʚ ʤʝʪʘʣʣʘ ʜʦʩʪʫʧʥʳ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʥʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʦʨʙʠʪʘʣʝʡ 1a1 ʠ 1ʝ (ʚʳʩʰʠʝ ʟʘʥʷʪʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ, HOMO), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨ-

ʤʘʣʴʥʦ ʪʨʝʤ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʦʜʠʥʘʨʥʳʤ ʩʚʷʟʷʤ ʄ-ʄ. ɹʦʣʴʰʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʤʝʞʜʫ 

ʛʨʘʥʠʯʥʳʤʠ ʦʨʙʠʪʘʣʷʤʠ ʥʝʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʩʝʤʠ- ʠʣʠ ʚʦʩʴʤʠʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥ-

ʬʠʛʫʨʘʮʠʠ ʜʣʷ ʷʜʨʘ {Mo3S4} [151], ʥʦ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʠ ʜʘʞʝ ʙʦʣʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʜʝʚʷʪʠʵʣʝʢ-

ʪʨʦʥʥʦʝ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʜʣʷ ʤʥʦʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʧʨʘʢʪʠʢʝ. ʏʪʦ ʢʘ-

ʩʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ, ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʝʤʠʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ: [Cp*3Mo3S4] [152]  

ʠ [Mo3S4Cl3(dppe)2(PEt3)] [153]. ɺ ʙʦʣʝʝ ʦʙʱʝʤ ʢʦʥʪʝʢʩʪʝ ʢʣʘʩʪʝʨʳ {M3Q4L9} ʪʦʧʦʣʦʛʠʯʝʩʢʠ 
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ʙʣʠʟʢʠ ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʫ CdX2 (ʍ = Cl, I) ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʢʘʢ ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʨʝʭ ʦʢʪʘ-

ʵʜʨʦʚ MX6, ʩʦʝʜʠʥʝʥʥʳʭ ʚʤʝʩʪʝ ʪʘʢ, ʯʪʦ ʦʢʪʘʵʜʨʳ ʨʘʟʜʝʣʷʶʪ ʦʜʥʫ ʚʝʨʰʠʥʫ (ɛ3-X) ʠ ʜʚʘ ʨʝʙʨʘ 

(ɛ2-X) (ʨʠʩ. 49) [10,154]. 

ʈʠʩ. 48. ʋʧʨʦʱʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʢʣʘʩʪʝʨʦʚ M3Q4 (ʄ = Mo, W; Q = S, Se)  

ʜʣʷ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʠʤʤʝʪʨʠʠ C3v 

 

ʈʠʩ. 49. ʂʣʘʩʪʝʨ {M 3Q4L9} (ʩʧʨʘʚʘ) ʠ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʪʨʝʭ ʦʢʪʘʵʜʨʦʚ MX6, ʩʦʝʜʠʥʝʥʥʳʭ ʚʤʝʩʪʝ ʪʘʢ, 

ʯʪʦ ʦʢʪʘʵʜʨʳ ʨʘʟʜʝʣʷʶʪ ʦʜʥʫ ʚʝʨʰʠʥʫ (ɛ3-X) ʠ ʜʚʘ ʨʝʙʨʘ (ɛ2-X) 

 

1. 2. 1. 2. ʈʝʜʦʢʩ-ʩʚʦʡʩʪʚʘ 

ʕʣʝʢʪʨʦʥʥʘʷ ʧʨʠʨʦʜʘ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ, ʦʢʨʫʞʘʶʱʠʭ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ, ʤʦʞʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦʚʣʠʷʪʴ ʥʘ ʭʘʨʘʢʪʝʨ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʩʚʷʟʳʚʘʥʠʷ 

(ʨʠʩ. 48). ʂ ʧʨʠʤʝʨʫ, ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ [Mo3S4(dtp)2(m-AcO)Cl(dmbpy)], ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨ-

ʞʠʪʩʷ ʦʜʥʘ ʤʦʣʝʢʫʣʘ 4,4'-ʜʠʤʝʪʠʣ-2,2'-ʙʠʧʠʨʠʜʠʥʘ, ʭʘʨʘʢʪʝʨ LUMO-ʦʨʙʠʪʘʣʠ (LUMO  ï ʥʠʟ-

ʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ) ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʠʧʠʨʠʜʠʥ-
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ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʥʠʟʢʦʣʝʞʘʱʠʭ ʨʘʟʨʳʭʣʷʶʱʠʭ p-ʦʨʙʠʪʘʣʝʡ ʚ ʩʠ-

ʩʪʝʤʝ ʙʠʧʠʨʠʜʠʥʘ [155]. ʍʘʨʘʢʪʝʨ ʨʘʟʨʳʭʣʷʶʱʝʡ LUMO (ʦʨʙʠʪʘʣʴ 2ʘ1 ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʠ, ʨʠʩ. 48) ʚʘʞʝʥ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʵʪʘ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ. 

ʈʝʜʦʢʩ-ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʩʝʤʝʡʩʪʚʘ [M3Q4]
4+

 ʠʟʫʯʘʣʠʩʴ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪ-

ʘʤʧʝʨʦʤʝʪʨʠʠ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (M3
IV

 ź M2
IV

M
III 
ź M

IV
M2

III
 ź M3

III
) ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʜʚʫʭ- ʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (M3
IV

 ź M2
III

M
IV

 ź M3
III
). ʏʘʱʝ ʚʩʝʛʦ ʧʝʨʚʳʡ ʧʨʦ-

ʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ ʠʣʠ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʳʤ, ʘ ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʥʦ-

ʩʷʪ ʥʝʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʵʪʦʤ ʤʦʣʠʙʜʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʣʝʛʯʝ ʩʚʦ-

ʠʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʘʥʘʣʦʛʦʚ. ʂ ʧʨʠʤʝʨʫ, ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ ʧʝʨʚʦʛʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʜʠʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [ʄ3S4Br3(dmpe)3](PF6) (M = Mo, W) ʨʘʚʝʥ  

ɽİ = -0.56 ʠ Eİ = -0.95 (ɺ ʦʪʥ. Fc/Fc
+
, Fc ï ʬʝʨʨʦʮʝʥ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [156]. ɼʣʷ ʘʮʝʪʠʣʘʮʝʪʦ-

ʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M3Q4(acac)3(py)3]
+
 (M = Mo, W; Q = S, Se; acac ï ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ, py ï ʧʠ-

ʨʠʜʠʥ) ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪʩʷ ʚ ʨʷʜʫ Mo3S4 > Mo3Se4 > W3Se4 > W3S4. ʎɺɸ ʜʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʦʜʥʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʆʙʘ ʧʨʦʮʝʩʩʘ ʩʠʤʤʝʪʨʠʯʥʳ, ʘ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 

æɽʨ (0.058 < (æɽʨ)1 < 0.117 ʠ 0.084 < (æEp)2 < 0.096, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʛʦʚʦʨʷʪ ʦ ʢʚʘʟʠ-

ʦʙʨʘʪʠʤʦʩʪʠ [157].  

ɹʳʣʦ ʠʟʫʯʝʥʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʝʨʠʠ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[ʄ3Q4(ʜʠʬʦʩʬʠʥ)3X3]PF6 (ʄ = ʄʦ, W; Q = Se, S; X = Cl, Br; ʜʠʬʦʩʬʠʥ ð dmpe, dppe). ʇʨʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʠ ʜʠʬʦʩʬʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʜʚʘ ʪʠʧʘ ʧʦʚʝʜʝʥʠʷ. ʂʦʤʧʣʝʢʩʳ ʩ dmpe 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʨʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʝʨʚʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʳʡ, ʘ ʜʚʘ ʧʦʩʣʝʜʫʶʱʠʭ ʥʝʦʙʨʘʪʠʤʳ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʪʝʥʮʠʘʣʳ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ [ʄ3Se4(dmpe)3Br3]PF6 (M = Mo, W) ʨʘʚʥʳ: ɽİ = -0.54, -0.87 ʠ -1.20 ɺ ʦʪʥ. Ag/AgCl 

(M = Mo); ɽİ = -0.91, -1.12 ʠ -1.41 ɺ ʦʪʥ. Ag/AgCl (M = W). ʂʦʤʧʣʝʢʩʳ ʩ dppe ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʤʫ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ (ɽİ ʦʪ -0.50 ʜʦ -0.95 ɺ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʥʝʦʙʨʘʪʠʤʳʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ (ɽİ ʦʪ -1.09 ʜʦ -1.62 ɺ) [158]. ʃʝʛʢʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ ʚ ʨʷʜʫ [ʄ3Q4(dppe)3X3]
+
 ʩʣʝʜʫʝʪ ʪʝʥʜʝʥʮʠʠ Mo3S4 > Mo3Se4 > W3Se4 > W3S4, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ dmpe ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ Mo3S4 > Mo3Se4 > W3S4 > W3Se4. 

ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ [Mo3Q4TTF3Cl3]PF6 (Q = S, Se), ʛʜʝ TTF  ï ʨʝʜʦʢʩ-

ʘʢʪʠʚʥʳʡ 3,4-ʜʠʤʝʪʠʣ-3,4-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ [ʄʦ3Q4(dppe)3Cl3]PF6, ʚ ʢʦʪʦʨʳʭ ʵʪʠʣʴʥʳʡ ʤʦʩʪʠʢʦʚʳʡ ʬʨʘʛʤʝʥʪ 1,2-

ʙʠʩ(ʜʝʬʠʥʠʣʬʦʩʬʠʥʦ)ʵʪʘʥʦʚʦʛʦ ʣʠʛʘʥʜʘ ʙʳʣ ʟʘʤʝʥʝʥ ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥʦʚʳʤ  ʬʨʘʛʤʝʥʪʦʤ,  

ʘ ʬʝʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʦʩʪʘʣʠʩʴ ʥʝʠʟʤʝʥʥʳʤʠ [159]. TTF-
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ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʜʠʬʦʩʬʠʥ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʜʘʝʪ ʜʚʘ ʦʙʨʘʪʠʤʳʭ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ 

ʨʝʜʦʢʩ ʧʨʦʮʝʩʩʘ ʧʨʠ ɽ1/2 = 0.46 ɺ ʠ 0.91ɺ (ʦʪʥ. Ag/AgCl). ɺ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘʭ 

ʢʦʤʧʣʝʢʩʦʚ [Mo3Q4(TTF)3Cl3]PF6 ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʣʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ E1/2 = -0.46 ɺ (ʜʣʷ S)  

ʠ ɽ1/2 = -0.48 ɺ (ʜʣʷ Se) ʦʪʥ. Ag/AgCl, ʩʚʷʟʘʥʥʘʷ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʠ ʜʚʝ ʚʦʣ-

ʥʳ ʦʢʠʩʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʥʝʨʘʮʠʠ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʘ ʠ ʜʠʢʘʪʠʦʥʘ ʬʨʘʛʤʝʥʪʘ TTF ʧʨʠ 

ɽ1/2 = 0.58 ɺ ʠ ɽ1/2 = 1.14 ɺ, ʜʣʷ S ʠ ɽ1/2 = 0.55 ɺ ʠ ɽ1/2 = 1.12 ɺ ʜʣʷ Se, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʘʚʥʝ-

ʥʠʝ ʧʠʢʦʚʳʭ ʪʦʢʦʚ ʜʣʷ ʦʙʝʠʭ ʚʦʣʥ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʧʨʦʮʝʩʩʳ 

ʦʢʠʩʣʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ [Mo3Q4L3Cl3]
+
/
2+

 ʠ [Mo3Q4L3Cl3]
2+

/
3+
. ʅʝ-

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʰʠʨʝʥʠʝ ʵʪʠʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʚʦʣʥ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʥʫʪ-

ʨʠ- ʠʣʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ TTF-ʬʨʘʛʤʝʥʪʘʤʠ. 

ʇʨʠ ʢʦʦʨʜʠʥʘʮʠʠ 3,4-ʜʠʤʝʪʠʣ-3,4-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥʘ ʢ ʢʣʘʩʪʝ-

ʨʘʤ {ʄʦ3Q4} ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʘʥʦʜʥʳʡ ʩʜʚʠʛ (115 ʠ 220 ʤɺ ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʝʥʮʠʘʣʘʤʠ ʦʢʠʩʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʣʠ-

ʛʘʥʜʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʠʤ ʣʠʛʘʥʜʦʤ [160]. ʕʪʦ ʛʦʚʦʨʠʪ  

ʦ ʥʘʣʠʯʠʠ ʟʘʤʝʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠʣʠ ʩʚʷʟʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ TTF- ʠ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ TTF-ʣʠʛʘʥʜʦʚ ʢ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʫ ʧʦ ů-ʩʚʷʟʷʤ ʘʪʦʤʦʚ 

ʬʦʩʬʦʨʘ ʠʩʢʣʶʯʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʚʷʟʫʶʱʠʝ/ʨʘʟʨʳʭʣʷʶʱʠʝ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʦʩʪʫʧʥʳʤʠ  

d-ʦʨʙʠʪʘʣʷʤʠ ʤʦʣʠʙʜʝʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʦʣʷʮʠʠ TTF-ʣʠʛʘʥʜʦʚ ʩ ʠʟʙʳʪʢʦʤ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚ ˊ-ʩʠʩʪʝʤʝ, ʢʘʢ ʫʞʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ [(L)M(CO)4] (ʄ = 

ʄʦ, W) [161]. DFT-ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ HOMO-ʦʨʙʠʪʘʣʴ ʢʦʤʧʣʝʢʩʘ ʪʨʠʞʜʳ ʚʳʨʦʞʜʝʥʘ  

ʠ ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ ˊ-ʩʠʩʪʝʤʘʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ TTF-ʣʠʛʘʥʜʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝ-

ʪʠʪʴ, ʯʪʦ ʚ ʜʠʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [Mo3S7L3]
2-

 (L = tfd  ï ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)-1,2-ʜʠʪʠʦʣʘʪ, bdt 

ï 1,2-ʙʝʥʟʦʜʠʪʠʦʣʘʪ, dmid ï 1,3-ʜʠʪʠʘ-2-ʦʥ-4,5-ʜʠʪʠʦʣʘʪ, dsit ï 1,3-ʜʠʪʠʘ-2-ʪʠʦʥ-4,5-

ʜʠʩʝʣʝʥʦʣʘʪ), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴʩʷ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʘʢʪʠʚʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʬʨʘʛʤʝʥʪʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʘʷ ʢʘʨʪʠʥʘ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ˊ-ʩʠʩʪʝʤʳ ʪʨʝʭ 

ʜʠʪʠʦʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʦʙʲʝʜʠʥʷʶʪʩʷ ʯʝʨʝʟ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ, ʧʨʠ ʵʪʦʤ ʜʚʫʭʵʣʝʢʪʨʦʥʥʘʷ 

HOMO ʩʠʤʤʝʪʨʠʠ "ʝ" ʜʝʣʦʢʘʣʠʟʦʚʘʥʘ ʢʘʢ ʥʘ ʣʠʛʘʥʜʝ, ʪʘʢ ʠ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ [162]. 

ʂʦʤʧʣʝʢʩʳ [Mo3S7(ʜʠʪʠʦʣʘʪ)3]
2-

 ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʝʦʙʨʘʪʠʤʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ 

ʦʪ -1.2 ʜʦ -1.7 ɺ (ʦʪʥ. Ag/AgCl), ʩʚʷʟʘʥʥʦʤʫ ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʩʝʨʳ ʠʟ ʜʠʩʫʣʴʬʠʜʥʳʭ ʤʦʩʪʠʢʦʚ  

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4(ʜʠʪʠʦʣʘʪ)3]
2-
. ʇʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {Mo3S4} ʪʘʢ-

ʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʤʷʛʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ, ʭʦʪʷ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʜʥʳʡ 

ʩʜʚʠʛ ʧʨʠʤʝʨʥʦ ʥʘ 0.2 ɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ {Mo3S7}. ʉʪʨʫʢʪʫʨʘ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ ʵʪʠʭ ʉ3-

ʩʠʤʤʝʪʨʠʯʥʳʭ ʘʥʠʦʥʦʚ [Mo3S4(ʜʠʪʠʦʣʘʪ)3]
2-

 ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ HOMO ʠ HOMʆ-1 ʦʨʙʠʪʘʣʠ 

ʩʠʤʤʝʪʨʠʠ "ʝ" ʠ "ʘ", ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʜʥʘʢʦ ʚʢʣʘʜ ʣʠʛʘʥʜʘ ʚ HOMO ʫʤʝʥʴʰʘʝʪʩʷ (ʚ ʧʨʝʜʝʣʘʭ 
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4-10%) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ {Mo3S7}. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ HOMO-ʦʨʙʠʪʘʣʠ ʚʦ ʚʩʝʭ ʜʠʪʠʦ- ʠ ʜʠʩʝʣʝʥʦ-

ʣʘʪʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʷʚʣʷʶʪʩʷ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ [163].  

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  3  

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʦʧʠʩʘʥʥʳʭ  

ʢʦʤʧʣʝʢʩʦʚ ʩʝʤʝʡʩʪʚʘ M3Q4 

 ̄ ʉʦʝʜʠʥʝʥʠʝ ɽ, ɺ ʦʪʥ. Ag/AgCl ʉʩʳʣʢʘ 

1 [Mo3S4(H2O)9]
4+

 -0.54 // -1.10 // -1.83 

[165] 2 [Mo3S4(dmpe)3Cl3]
+
 -0.69 // -1.38 

3 [Mo3S4(dmpe)3Br3]
+
 -0.56 // -1.20 

4 [Mo3S4(acac)3(py)3]
+
 -0.75 // -0.97 

[157] 
5 [Mo3Se4(acac)3(py)3]

+
 -0.86 // -0.99 

6 [W3S4(acac)3(py)3]
+
 -1.36 // -1.56 

7 [W3Se4(acac)3(py)3]
+
 -1.06 // -1.19 

8 [W3S4(dppe)3H3]
+
 -1.56 // -2.03 

[156] 

9 [W3S4(dppe)3Br3]
+
 -0.94 // -1.62 

10 [W3S4(dmpe)3Br3]
+
 -0.95 // -1.34 

11 [Mo3S4(dppe)3Cl3]
+
 -0.50 // -1.34 

12 [Mo3S4(dppe)3Br3]
+
 -0.39 // -1.15 

13 [Mo3Se4(dmpe)3Cl3]
+
 -0.60 // -1.21 

[158] 

14 [Mo3Se4(dmpe)3Br3]
+
 -0.54 // -0.87 // -1.20 

15 [Mo3Se4(dppe)3Br3]
+
 -0.46 // -1.09 

16 [W3Se4(dppe)3Br3]
+
 -0.92 // -1.43 

17 [Mo3Se4(dppe)3Cl3]
+
 -0.52 // -1.25 

18 [W3Se4(dmpe)3Br3]
+
 -0.91 // -1.12 // -1.41 [158] 

19 

[Mo3S4L3Cl3]
+
,  

L = 3,4-ʜʠʤʝʪʠʣ-3,4-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-

ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

-0.46 // 0.58 // 1.14 

[159] 

20 

[Mo3Se4L3Cl3]
+
,  

L = 3,4-ʜʠʤʝʪʠʣ-3,4-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-

ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

-0.48 // 0.55 // 1.12 

21 [Mo3S4(bdt)3] -1.42 // 0.47 // 0.65 

[163] 
22 [Mo3S4(tdas)3] -1.36 // 0.86 

23 [Mo3S4(dmid)3] -1.10 // 0.57 

24 [Mo3S4(dmit)3] -1.33 // 0.57 

25 [(Cp')3W3S4]
+
 -1.16 // +1.60 // +1.60 

[166] 
26 [(Cp')3Mo3S4]

+
 

-0.81 ʦʪʥ. ʥʦʨʤʘʣʴʥʦʛʦ ʢʘ-

ʣʦʤʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʅʂʕ 

// +1.19 ʦʪʥ. ʅʂʕ // +1.19 

ʦʪʥ. ʅʂʕ 
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1. 2. 1. 3. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʇʨʠʤʝʨʦʚ ʤʘʛʥʠʪʥʦ-ʘʢʪʠʚʥʳʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʥʝ ʤʥʦ-

ʛʦ. ɺ ʩʣʫʯʘʝ ʢʣʘʩʪʝʨʦʚ {M3Q4} ʧʦʢʘʟʘʥʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ) ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʂʉʕ Í 6. ɼʦʙʘʚʣʝʥʠʝ ʩʝʜʴʤʦʛʦ ʵʣʝʢʪʨʦʥʘ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ {Mo3S4} 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʩʢʘʞʝʥʠʶ ʩʠʤʤʝʪʨʠʠ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʗʥʘ-ʊʝʣʣʝʨʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʝʙʦʣʴʰʠʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʢʣʘʩʪʝʨʘ, ʥʘʧʨʠʤʝʨ, ʚ [(Cp*)3Mo3S4], ʠʣʠ ʞʝ ʩʠʤʤʝʪʨʠʷ C3v ʤʦʞʝʪ ʩʦʭʨʘ-

ʥʷʪʴʩʷ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʚ [Mo3S4Cl3(dppe)2(PEt3)]. 

ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʰʝʩʪʠʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Mo3S4Br3(dppe)3]
+
 c ʛʘʣʣʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ 

[Mo3S4X3(dppe)3]Br ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʣʣʠʷ ʧʝʨʝʭʦʜʠʪ ʚ [Mo3S4X3(dppe)3] (X = Br ʠʣʠ ʩʤʝʩʴ 

0.75Br/2.25Cl) ʩ 7 ʂʉʕ [167]. ʇʘʨʘʤʘʛʥʠʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣ ʦʜʥʦ-

ʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʝʥ ʤʝʪʦʜʦʤ ʕʇʈ ʠ ʠʟʤʝʨʝʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʨʠʩ. 50). ɿʥʘʯʝ-

ʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʦʣʷʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ, ɢmĿʊ ʧʨʠ 300ʂ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ [Mo3S4X3(dppe)3] (X = Br ʠʣʠ 0.75Br/2.25Cl) ʛʦʚʦʨʷʪ ʦ ʥʘʣʠʯʠʠ ʦʜʥʦʛʦ ʥʝʩʧʘʨʝʥʥʦ-

ʛʦ ʵʣʝʢʪʨʦʥʘ, S = İ, ʠ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ ʚʧʣʦʪʴ ʜʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ 

ʦʞʠʜʘʝʤʦ ʜʣʷ ʧʦʯʪʠ ʠʜʝʘʣʴʥʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ. ʉʧʝʢʪʨʳ ʕʇʈ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 51) ʦʯʝʥʴ ʧʦʭʦʞʠ ʠ ʧʦʢʘʟʳʚʘʶʪ ʩʣʘʙʳʡ ʦʜʠʥʦʯʥʳʡ ʩʠʛʥʘʣ 

ʥʠʞʝ ~100-125ʂ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʠʞʝ ~80K 

ʦʙʘ ʕʇʈ ʩʠʛʥʘʣʘ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 6 ʣʠʥʠʡ ʟʘ ʩʯʝʪ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʩʧʘʨʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ʩ ʷʜʨʘʤʠ Mo ʩ I = 5/2 (
95
Mo ʠ 

97
Mo ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 15.9% ʠ 9.6%, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ). ʕʪʦʪ ʬʘʢʪ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʥʠʞʝ ʧʨʠʤʝʨʥʦ 80 K ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ ʣʦʢʘʣʠ-

ʟʦʚʘʥ ʥʘ ʦʜʥʦʤ ʠʟ ʪʨʝʭ ʮʝʥʪʨʦʚ Mo ʚ ʢʣʘʩʪʝʨʝ Mo3, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʩʠʤʤʝʪʨʠʯʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʪʨʝʫʛʦʣʴʥʠʢʘ Mo3. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʥʝʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ Mo-

ʩʦʜʝʨʞʘʱʠʭ ʢʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ʪʠʧʘ ʂʝʛʛʠʥʘ (BEST)3H[PMo12O40] ʠ (BEDT)8[SiW12O40] 

(BEST ï ʙʠʩ(ʵʪʠʣʝʥʜʠʩʝʣʝʥʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ, BEDT ï ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ) 

[168,169]. 
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ʈʠʩ. 50. ɼʠʘʛʨʘʤʤʘ ʂʶʨʠ ʟʘʚʠʩʠʤʦʩʪʠ ɢmȚʊ~ʊ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ [Mo3S4X3(dppe)3],  

X = Br (ʩʣʝʚʘ) ʠ X = 0.75Br/2.25Cl (ʩʧʨʘʚʘ) 

 

ʈʠʩ. 51. ʇʦʨʦʰʢʦʚʳʝ ʩʧʝʢʪʨʳ ʕʇʈ ʚ Q-ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4X3(dppe)3] ʘ) X = Br ʠ ʙ) X = 0.75Br/2.25Cl 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʎʠʬʨʳ /2, /5 ʠ /10 ð ʵʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʦʚ ʧʦ ʘʤʧʣʠʪʫʜʝ 

 

ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3S4(dpe)3Br3]
q
 (dpe = 1,2-

ʜʠʬʦʩʬʠʥʦʵʪʘʥ; q = 0, +1) ʧʦʜʪʚʝʨʜʠʣʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʢʘʞʝʥʠʝ ʧʦ ʗʥʫ-ʊʝʣʣʝʨʫ ʠʟ-ʟʘ ʧʦʷʚ-

ʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʩʝʜʴʤʦʛʦ ʵʣʝʢʪʨʦʥʘ. ɼʣʷ ʢʣʘʩʪʝʨʘ [Mo3S4(dpe)3Br3]
+
 ʩ 6 ʂʉʕ ʠ ʦʩʴʶ ʚʨʘʱʝʥʠʷ 

C3 LUMO ʦʨʙʠʪʘʣʴ ʜʚʘʞʜʳ ʚʳʨʦʞʜʝʥʘ ʠ ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʶ "ʝ". ɼʦʙʘʚʣʝʥʠʝ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ 

ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʚʳʨʦʞʜʝʥʥʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʘ
2
ɽ, ʢʦʪʦʨʦʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʧʦ-

ʥʠʞʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʠ ʩʥʷʪʠʝʤ ʚʳʨʦʞʜʝʥʠʷ. ʈʘʩʯʝʪʳ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ 

[Mo3S4(dpe)3Br3] ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʷʜʨʘ Mo3 ʜʦ ʦʩʪʨʦʛʦ ʨʘʚʥʦʙʝʜʨʝʥʥʦ-

ʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʧʦ ʵʥʝʨʛʠʠ "ʝ" ʦʨʙʠʪʘʣʝʡ, ʧʨʠ ʵʪʦʤ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ ʟʘ-
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ʥʠʤʘʝʪ ʦʨʙʠʪʘʣʴ, ʣʦʢʘʣʠʟʦʚʘʥʥʫʶ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʦʜʥʦʤ ʠʟ ʘʪʦʤʦʚ ʄʦ, ʧʨʠʚʦʜʷ ʢ ʩʧʠʥ-

ʧʦʣʷʨʠʟʘʮʠʠ [167]. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʦ ʨʝʜʢʦʤ ʧʨʠʤʝʨʝ ʢʣʘʩʪʝʨʘ ʨʝʥʠʷ(IV), 

[Re3S4(dppe)3Br3]
+
 [170], ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ Re3S7Br7 ʧʨʠ ʦʙʨʘʙʦʪʢʝ CH2Cl2, ʠʤʝʶʱʝʛʦ ʩʭʦʞʝʝ  

ʩ {Mo3S4} ʩʪʨʦʝʥʠʝ ʠ ʩʦʜʝʨʞʘʱʝʛʦ ʜʝʚʷʪʴ ʂʉʕ ʧʨʦʪʠʚ ʰʝʩʪʠ ʂʉʕ. ʂʦʤʧʣʝʢʩ ʠʤʝʝʪ ʥʝʦʙʳʯʥʦʝ 

ʢʚʘʜʨʫʧʣʝʪʥʦʝ (ʢʚʘʨʪʝʪʥʦʝ) ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʨʠʩ. 52), ʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ɛeff ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 30-300ʂ ʛʦʚʦʨʠʪ ʦ ʧʦʯʪʠ ʠʜʝʘʣʴʥʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ. 

ʈʠʩ. 52. ɻʨʘʬʠʢ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɛeff (ʩʣʝʚʘ) ʠ ʩʧʝʢʪʨʳ ʕʇʈ 

ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Re3S4(dppe)3Br3]BrȚ3CH3CN ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 4-300ʂ [170] 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʪʠʦʥʥʳʭ ʜʠʬʦʩʬʠʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ [M3Q4(dmpe)3ʍ3]
+
 (M 

= Mo, W; Q = S, Se; ʍ = Cl, Br) ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ ʪʝʨʤʠʥʘʣʴʥʳʭ ʛʘʣʦʛʝ-

ʥʠʜʦʚ ʥʘ OH
ï
, SCN

ï
, CN

ï
 [19,88,156,166,171ï173]. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʡ ʠʜʝʦʣʦʛʠʠ ʥʘ ʜʨʫʛʠʝ 

ʥʫʢʣʝʦʬʠʣʳ, ʢ ʧʨʠʤʝʨʫ, ʥʘ ʪʠʦʬʝʥʦʣʷʪʳ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʞʥʘʷ ʩʤʝʩʴ ʧʨʦ-

ʜʫʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʠʥʘʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ. 

ʅʘʧʨʦʪʠʚ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʝʩʪʠʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ [Mo3S4Br3(dppe)3]PF6  

ʩ 
t
BuSNa ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʤʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʦʣʘʪ-ʟʘʤʝʱʝʥʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʙʨʦʤʠʜ-ʘʥʠʦʥʦʚ ʠʟ ʢʣʘʩʪʝʨʘ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʦʜʥʦ-

ʵʣʝʢʪʨʦʥʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠ ʚʥʝʜʨʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ɛ3-ʰʘʧʦʯʥʦʡ S ʚ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʩʝʤʠʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʢʣʘʩʪʝʨ [Mo3(ɛ3-S)2(ɛ-S)3(dppe)3]
+
 

(ʨʠʩ. 53, [174]), ʘ ʠʩʪʦʯʥʠʢʦʤ ʩʝʨʳ ʩʣʫʞʠʪ 
t
BuSNa. ʂʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʪʨʠʛʦʥʘʣʴʥʦ-ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ ʦʩʪʦʚʘ {Mo3S5} 

[175,176]. 



67 

 

ʈʠʩ. 53. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3(ɛ3-S)2(ɛ-S)3(dppe)3]PF6 (ʩʣʝʚʘ) 

 ʠ ɼʠʘʛʨʘʤʤʘ ʂʶʨʠ ʟʘʚʠʩʠʤʦʩʪʠ ɢmȚʊ~ʊ (ʩʧʨʘʚʘ) 

 

ʄʘʛʥʠʪʥʘʷ ʧʨʠʨʦʜʘ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʕʇʈ ʠ ʤʘʛʥʝʪʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʦʣʷʨʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ɢmĿʊ (ʨʠʩ. 53) ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 300ʂ, ʚʧʣʦʪʴ ʜʦ 

~20ʂ ʟʥʘʯʝʥʠʝ ɢmĿʊ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥ-

ʪʨʦʚ. ʅʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ɢmĿʊ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʢʦʨʝʝ ʚʩʝ-

ʛʦ ʩʚʷʟʘʥʦ ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ ZFS ʠ/ʠʣʠ ʩ ʦʯʝʥʴ ʩʣʘʙʳʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷʤʠ. 

ʇʦʨʦʰʢʦʚʳʝ ʩʧʝʢʪʨʳ ʕʇʈ ʚ Q-ʜʠʘʧʘʟʦʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʭʘʨʘʢʪʝʨ 

[Mo3S5(dppe)3]
+
, ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ S = İ. ʇʨʠ ʵʪʦʤ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ ʜʝʣʦʢʘʣʠʟʦʚʘʥ 

ʤʝʞʜʫ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʤʦʣʠʙʜʝʥʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ "ʘ" ʩʠʤʤʝʪʨʠʝʡ HOMO, ʚʳʯʠʩʣʝʥʥʦʡ ʜʣʷ 

ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [Mo3S5(PH3)3]. ʇʦʜʦʙʥʘʷ ʜʝʣʦʢʘʣʠʟʘʮʠʷ ʚʳʟʳʚʘʝʪ ʫʰʠʨʝʥʠʝ ʣʠʥʠʡ, ʢʦ-

ʪʦʨʦʝ ʩʢʨʳʚʘʝʪ ʩʚʝʨʭʪʦʥʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʘ ʩ ʷʜʨʘʤʠ 
95
Mo ʠ 

97
Mo. 

1. 2. 2. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {M3Q7} 

ɼʠʪʠʦ- ʠ ʜʠʩʝʣʝʥʦʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɹʠʩ-1,2-ʜʠʪʠʦʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝ-

ʪʘʣʣʦʚ [M{S2C2R2} 2]
nī

 ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʚʦʜʥʠ-

ʢʦʚ ʩ ʥʝʦʙʳʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ 

[177], ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ 

[178ï181]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʠʭ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʵʣʝʢʪʨʦʥʥʳʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʦʚʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ɼʠʪʠʦ-
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ʣʘʪʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {Mo3S7} ʦʙʱʝʛʦ ʚʠʜʘ [Mo3S7(S2C2R2)3]
2+

 ʠ, ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ, ʜʠʪʠʦʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {Mo3S4} ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʛʠʙʢʠʤʠ ʩʠ-

ʩʪʝʤʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʘʛʥʠʪʥʳʤʠ ʠ ʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [163].  

1. 2. 2. 1. ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʆʩʥʦʚʥʳʤ ʨʘʟʣʠʯʠʝʤ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ {M3(ɛ3-Q)(ɛ2-Q2)3} ʠ {M3(ɛ3-Q)(ɛ2-Q)3} ʷʚʣʷʝʪʩʷ 

ʧʨʠʨʦʜʘ ɛ2-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʝ (ɛ2-Q2), ʚʦ ʚʪʦʨʦʤ ʤʦʥʦ-

ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ (ɛ2-Q). ʂʨʦʤʝ ʪʦʛʦ, ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ ʚ ʘʢʩʠʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ ʚ ʢʦʤʧʣʝʢʩʘʭ 

{M 3Q7} ʠʤʝʶʪ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʝ ʥʘʙʣʶʜʘʝʤʳʡ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ {M3Q4}. ɺ ʢʣʘʩʪʝʨ-

ʥʦʤ ʷʜʨʝ {M3Q7}, ʢʘʢ ʠ ʚ {M3Q4}, ʥʘ ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣ-ʤʝʪʘʣ ʧʨʠʭʦʜʠʪʩʷ 6 ʂCʕ. ʂʣʘʩʩʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʄʆ ʜʣʷ ʢʣʘʩʪʝʨʦʚ M3Q7 (M = Mo, W; Q = S, Se) ʚ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ C3v-ʩʠʤʤʝʪʨʠʠ ʜʘʝʪ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʚʷʟʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʪʨʠ ʩʚʷʟʳʚʘʶʱʠʭ (1a1 ʠ 1ʝ) ʠ ʪʨʠ ʨʘʟʨʳʭʣʷʶʱʠʭ (2ʝ ʠ ʘ2) 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʠ (ʨʠʩ. 54, [150]). ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʩʭʝʤʝ ʢʣʘʩʪʝʨʳ M3Q7 ʷʚʣʷʶʪʩʷ ʩʪʘʙʠʣʴ-

ʥʳʤʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʰʝʩʪʴ d-ʵʣʝʢʪʨʦʥʦʚ ʤʝʪʘʣʣʘ ʜʦʩʪʫʧʥʳ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʥʠʟʢʦʨʘʩʧʦʣʦ-

ʞʝʥʥʳʭ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ HOMO ʦʨʙʠʪʘʣʝʡ 1a1 ʠ 1ʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʘʣʴʥʦ ʪʨʝʤ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʦʜʠʥʘʨʥʳʤ ʩʚʷʟʷʤ ʄ-ʄ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʨʠʨʦʜʘ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʠʟʤʝ-

ʥʠʪʴ ʧʦʨʷʜʦʢ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʨʙʠʪʘʣʝʡ ʧʦ ʵʥʝʨʛʠʠ ʚ ʵʪʦʡ ʫʧʨʦʱʝʥʥʦʡ ʩʭʝʤʝ. 

ʈʠʩ. 54. ʋʧʨʦʱʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʢʣʘʩʪʝʨʦʚ M3Q7 (ʄ = Mo, W; Q = S, Se)  

ʜʣʷ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʠʤʤʝʪʨʠʠ C3v 

 

1. 2. 2. 2. ʈʝʜʦʢʩ ʩʚʦʡʩʪʚʘ 

ʂʦʦʨʜʠʥʘʮʠʷ ʥʝ-ʠʥʥʦʮʝʥʪʥʳʭ ʣʠʛʘʥʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʠʪʠʦ- ʠ ʜʠʩʝʣʝʥʦʣʘʪʳ (ʨʠʩ. 55) ʠʣʠ 

ʜʠʦʢʩʦʣʝʥʳ ʢ ʢʣʘʩʪʝʨʘʤ {M3Q4} ʠ {M3Q7} ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʷʚʣʝʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʦʚ {Mo3S7} ʷʚʣʷʝʪʩʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʳ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʧʦʜ-

ʚʝʨʛʘʪʴʩʷ ʥʝʦʙʨʘʪʠʤʦʤʫ ʧʨʦʮʝʩʩʫ ʚʦʩʩʪʘʥʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʪʨʝʭ ʜʠʭʘʣʴ-

ʢʦʛʝʥʠʜʥʳʭ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʘ {Mo3S4} [182,183]. ʂ ʧʨʠʤʝʨʫ, ʦʙʨʘ-
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ʙʦʪʢʘ [ʄʦ3S7(S2C2R2)3]
2-
 ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠ ʘʛʝʥʪʘʤʠ, ʪʘʢʠʤʠ, ʢʘʢ PPh3, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦ-

ʚʘʥʠʶ [ʄʦ3S4(S2C2R2)3]
2-
. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʦʛʣʘʩʫʝʪ-

ʩʷ ʩ ʪʝʤ, ʯʪʦ LUMO-ʦʨʙʠʪʘʣʠ ʜʣʷ [Mo3S7] ʩʠʩʪʝʤ, ʚ ʦʩʥʦʚʥʦʤ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʤʦʩʪʠʢʦʚʳʭ 

S2
2-

 ʣʠʛʘʥʜʘʭ ʠ ʚʥʦʩʷʪ ʨʘʟʨʳʭʣʷʶʱʠʡ ʨ-ˊ*/ů*ʚʢʣʘʜ ʚ S-S ʩʚʷʟʠ [164]. ɺ ʎɺɸ ʜʠʪʠʦʣʘʪʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʧʨʠ ʙʣʠʟʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ ʢʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ {Mo3S4} (ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʦʝ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝ), ʪʘʢ ʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ {Mo3S7} (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʩʫʣʴʬʠʜʥʳʭ ʣʠʛʘʥʜʦʚ) ʥʘʙʣʶʜʘ-

ʶʪʩʷ ʥʝʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ [163,184]. 

ʈʠʩ. 55. ʈʠʩ. ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ [ʄ3Q7(Q2C2R2)3]
2-
 ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ {Mo3S7}  

ʠ ʩʪʨʦʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʠʪʠʦ- ʠ ʜʠʩʝʣʝʥʦʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (Q-Q) 

 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ HOMO ʚ [ʄʦ3S7(S2C2R2)3]
2-

 - ʵʪʦ ʧʦʣʥʦʩʪʴʶ ʟʘʥʷʪʳʝ ʣʠʛʘʥʜ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʦʨʙʠʪʘʣʠ "ʝ", ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ ʜʣʷ ʷʜʨʘ ʩ ʩʠʤʤʝʪʨʠʝʡ C3. ɺʢʣʘʜ ʣʠʛʘʥ-

ʜʦʚ ʚ HOMO ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 61.67% ʜʣʷ [ʄʦ3S7(bdt)3]
2-
 (ʨʠʩ. 56, [162]) ʜʦ 82.07% ʜʣʷ ʜʠʩʝʣʝʥʦ-

ʣʘʪʥʦʛʦ [ʄʦ3S7(dsit)3]
2-

 ʜʠʘʥʠʦʥʘ. ɺ HOMO-1 ʩʠʤʤʝʪʨʠʠ "ʘ" ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚʥʦʩʷʪ ʪʨʠ ʚʥʝʰ-

ʥʠʭ ʣʠʛʘʥʜʘ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʘʪʦʤʳ ʩʝʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʙʝʟ ʫʯʘʩʪʠʷ ʘʪʦʤʦʚ ʄʦ.  

ʈʠʩ. 56. ɺʠʜ HOMO ʠ HOMO-1 ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʜʠʘʥʠʦʥʘ [ʄʦ3S7(bdt)3]
2-
 



70 

 

ʂʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʜʠʘʥʠʦʥʦʚ [ʄʦ3S7(S2C2R2)3]
2-

 ʠ/ʠʣʠ ʠʭ 

ʜʠʩʝʣʝʥʦʣʘʪʥʳʭ ʘʥʘʣʦʛʦʚ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʘ. ɺ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʥʳʭ tfd, 

bdt, tdas ʠʣʠ mnt = ʤʘʣʝʦʥʠʪʨʠʣʜʠʪʠʦʣʘʪ, ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʙʨʘʪʠʤʳʭ ʧʨʦ-

ʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʨʘʚʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɼʣʷ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ [ʄʦ3S7(L)3]
2-
, ʛʜʝ L = dmid, dmit 

ʠ dsit, ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ, ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʠʟ-ʟʘ ʦʩʘʞʜʝʥʠʷ ʥʘ ʵʣʝʢ-

ʪʨʦʜʝ ʧʨʦʚʦʜʷʱʝʛʦ ʧʨʦʜʫʢʪʘ [ʄʦ3S7(L)3] [185]. 

ɺ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ [ʄʦ3S7(L)3]
2-
, ʛʜʝ L = dmid, dmit ʠ dsit, ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʠ ʚʳʜʝʣʠʪʴ

 

ʧʨʦʜʫʢʪʳ ʦʢʠʠʩʣʝʥʠʷ ʚ ʚʠʜʝ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [ʄʦ3S7(L)3]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʚ ʎɺɸ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ [ʄʦ3S7(L)3]
2-
 Ÿ [ʄʦ3S7(L)3]. ʃʝʛʢʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ bdt > 

dmid = dsit = dmit > tfd > tdas > mnt. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʤʦʥʦʷʜʝʨʥʳʭ 

ʪʨʠʩ-ʜʠʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Mo(S2C2R2)3]
n-
, ʛʜʝ R: H, ʘʣʢʠʣ å ʘʨʠʣ > CF3 > CN [186]. ʋʤʝʥʴ-

ʰʝʥʠʝ ʵʣʝʢʪʨʦʥ-ʜʦʥʦʨʥʦʡ ʠ, ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʦʥ-ʘʢʮʝʧʪʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʤʝʩʪʠ-

ʪʝʣʝʡ R ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʣʝʛʯʝʥʠʶ ʦʢʠʩʣʝʥʠʷ. ɺʩʝ ʧʦʧʳʪʢʠ ʠʟʦʣʠʨʦʚʘʪʴ ʧʨʦʜʫʢʪʳ ʭʠʤʠʯʝʩʢʦʛʦ 

ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ (n-Bu4N)2[ʄʦ3S7(L)3] (L = tfd, bdt, tdas ʠʣʠ mnt) ʦʢʘʟʘʣʠʩʴ 

ʥʝʫʜʘʯʥʳʤʠ ʣʠʙʦ ʠʟ-ʟʘ ʨʘʟʣʦʞʝʥʠʷ ʢʣʘʩʪʝʨʘ {Mo3S7}, ʣʠʙʦ ʠʟ-ʟʘ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʧʦ-

ʪʝʪʠʯʝʩʢʦʛʦ ʤʦʥʦʘʥʠʦʥʘ [ʄʦ3S7(L)3]
-
 ʥʘ ʜʠʘʥʠʦʥ ʠ ʥʝʡʪʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʣʠʙʦ ʠʟ-ʟʘ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʷ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʣʠʛʘʥʜʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʜʠʦʢʩʦʣʝʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (Ph4P)2[Mo3S7(ttc)3] (tʩc ï ʪʝʪʨʘʭʣʦʨʦʢʘʪʝʭʦʣʘʪ) ʡʦʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ 

ʣʠʛʘʥʜʦʚ tʩc ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʤʧʣʝʢʩʘ 

(PPh4)2[Mo3S7I6] ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʤʧʣʝʢʩʘ (PPh4)3{[Mo 3S7I3(ɛ-I)3]2ĿI}, 

ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʚʠʜʝ ʥʘʥʦʨʘʟʤʝʨʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʢʣʝʪʢʠ ʠʟ ʯʝʪʳʨʝʭ ʢʣʘʩʪʝʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʡʦ-

ʜʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ [187].  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʘʥʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3S7Br6]
2-

 ʩ ʜʠʪʠʦʣʘʪʥʳʤʠ ʩʦʣʷʤʠ 

(
n
Bu4N)2[M(S2C2R2)2] (M = Zn, Sn) ʠʣʠ ʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ Na2(mnt), ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʩʭʦʜʠʪ ʟʘ-

ʤʝʥʘ ʙʨʦʤʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʜʠʪʠʦʣʘʪʥʳʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Mo3S7(S2C2R2)3]
2-

 ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ. ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [Mo3S7Br6]
2-  

ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʜʠʩʝʣʝʥʦʣʘʪʘ, ʥʘʧʨʠʤʝʨ, (
n
Bu4N)2[Zn(dsit)2], ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

[Mo3S7(dsit)3]
2-

 [162,188,189]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʦʢʠʩʣʝʥʳ ʭʠʤʠ-

ʯʝʩʢʠ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʡʪʨʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ (ʩʤ. ʥʠʞʝ ʚ ʨʘʟʜʝʣʝ 1. 2. 2. 3.). ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʪʘʢʞʝ ʩʝʣʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ 

(
n
Bu4N)2[Mo3Se7(dmit)3] ʠ (

n
Bu4N)2[Mo3Se7(dsit)3], ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʩʭʦʞʫʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝ-

ʩʢʫʶ ʢʘʨʪʠʥʫ [190].  

ʅʘʨʷʜʫ ʩ ʜʠʪʠʦ-, ʜʠʩʝʣʝʥʦʣʘʪʥʳʤʠ ʠ ʜʠʦʢʩʦʣʝʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʪʘʢʞʝ ʜʠʠʤʠʥʦʚʳʝ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {M3Q7} [63ï66,191,192]. 
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ʉʧʣʘʚʣʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ M3Se7Br4 ʩ ʠʟʙʳʪʢʦʤ ʬʝʥʘʥʪʨʦʣʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ [M3Se7(phen)3]
4+
, M = Mo, W [191,192]. ʈʝʜʦʢʩ-ʧʦʚʝʜʝʥʠʝ 

ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟʫʯʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʎɺɸ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʤʝʪʦʜʦʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʪʚʝʨʜʳʭ ʯʘ-

ʩʪʠʮ. ʅʘʙʣʶʜʘʝʤʳʡ ʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʭʵʣʝʢʪʨʦʥʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʢʦʤ-

ʧʣʝʢʩʦʚ. ʇʦʪʝʥʮʠʘʣ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʦʢ ʢ ʥʫʣʶ  

(-0.086 ɺ), ʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʚʦʣʴʬʨʘʤʦʚʦʤʫ ʘʥʘʣʦʛʫ ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ ʩʜʚʠʛʘʝʪʩʷ ʥʘ -0.51 

ɺ, ʯʪʦ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʢ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʪʘʢ  

ʠ ʩʠʣʴʥʦʡ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʤʝʞʜʫ ˊ* ʦʨʙʠʪʘʣʷʤʠ phen ʠ d-ʦʨʙʠʪʘʣʷʤʠ ʤʝʪʘʣʣʘ. ʇʦʜʦʙʥʘʷ ʩʠʪʫʘ-

ʮʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʝʜʝʣʴʥʳʤʠ ʩʣʫʯʘʷʤʠ ð [M
IV

3Se7(phenĖ)3]Br (ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ ʣʠʛʘʥʜʘ) ʠ [M
III

3Se7(phen)3]Br (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʘʣʣʘ). ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩ-

ʯʝʪʳ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Mo3Se7(phen)3]
3+

 ʠ ʝʛʦ ʪʨʠʞʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʳ [Mo3Se7(phen)3]
0
 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 3 ʵʣʝʢʪʨʦʥʘ ʧʦʧʘʜʘʶʪ ʥʘ HOMO-1 ʠ ʜʚʘʞʜʳ ʚʳʨʦʞʜʝʥʥʫʶ 

HOMO ʦʨʙʠʪʘʣʠ, ʠʤʝʶʱʠʝ ʩʤʝʰʘʥʥʳʡ ʤʝʪʘʣʣʦʣʠʛʘʥʜʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝ-

ʠʥʥʦʮʝʥʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʣʠʛʘʥʜʘ phen. ʅʘʣʠʯʠʝ ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʚʢʣʘʜʘ ʦʪ ʦʨʙʠʪʘʣʝʡ ʤʝʪʘʣʣʘ 

ʦʙʲʷʩʥʷʝʪ ʩʠʣʴʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʩʜʚʠʛ ʚ Eİ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ Mo ʢ W (Mo, ʢʘʢ 4d-ʵʣʝʤʝʥʪ, ʷʚ-

ʣʷʝʪʩʷ ʙʦʣʝʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʯʝʤ 5d- ʵʣʝʤʝʥʪ W). ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʟʤʝʱʝʥʠʝ ʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ʥʘ HOMO ʦʨʙʠʪʘʣʠ ʧʨʠ ʪʨʝʭʵʣʝʢʪʨʦʥʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʗʥ-

ʊʝʣʣʝʨʦʚʩʢʦʤʫ ʠʩʢʘʞʝʥʠʶ ʚ ʚʠʜʝ ʫʜʣʠʥʥʝʥʠʷ ʠ ʦʩʣʘʙʣʝʥʠʷ ʩʚʷʟʝʡ ʄʦ-ʄʦ (ʧʨʠʤʝʨʥʦ ʥʘ 0.2 ¡). 

ʀʟ ʚʩʝʭ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʨʝʭʵʣʝʢʪʨʦʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ [M3Se7(phen)3]
4+

 ʜʦʣʞʥʦ 

ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ [M
IV

3Se7(phenĖ)3] ʩ ʩʠʣʴʥʦʡ ʜʝʣʦʢʘʣʠʟʘʮʠʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʦʪ phenĖ ʢ ʄ [191]. ʇʦʣʫʯʝʥʥʳʝ ʜʠʠʤʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ï ʵʪʦ ʧʦʢʘ ʝʜʠʥʩʪʚʝʥʥʳʝ 

ʧʨʠʤʝʨʳ ʦʙʨʘʪʠʤʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʢʣʘʩʪʝʨʦʚ ʩʝʤʝʡʩʪʚʘ {M3Q7}. ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʜʣʷ 

ʵʪʦʛʦ ʩʝʤʝʡʩʪʚʘ ʭʘʨʘʢʪʝʨʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʨʘʪʠʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʣʠ-

ʛʘʥʜʦʚ. 

ɻʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ʜʠʠʤʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ [Mo3S7ʍ4(ʜʠʠʤʠʥ)] (ʍ = Cl, Br)  

ʠ {[Mo3S7ʍ4(ʜʠʠʤʠʥ)]Br}
-
, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʥʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Mo3S7X6]

2-
  

ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʠʤʠʥʘʤʠ (2,2ô-bpy, phen ʠ ʠʭ ʟʘʤʝʱʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ) ʠ ʩʦʜʝʨʞʘʱʠʝ ʪʦʣʴʢʦ 

ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʜʠʠʤʠʥʘ [63ï66], ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʜʦʢʩ-ʧʦʚʝʜʝʥʠʝ, ʦʪʣʠʯʥʦʝ ʦʪ ʛʦʤʦʣʝʧʪʠʯʝ-

ʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ {ʄ3Se7}. ɺ ʎɺɸ ʥʝ ʦʙʥʘʨʫʞʝʥʳ ʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʚ ʢʦʪʦ-

ʨʳʭ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʜʠʠʤʠʥʦʚʳʝ ʣʠʛʘʥʜʳ, ʥʘʧʨʦʪʠʚ, ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʥʝʦʙ-

ʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʜʠʩʫʣʴʬʠʜʥʳʭ ʤʦʩʪʠʢʦʚ (ʪʘʙʣ. 4). 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ  4 

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʦʧʠʩʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

 ʉʦʝʜʠʥʝʥʠʝ ɽİ, ɺ ʦʪʥ. Ag/AgCl ʉʩʳʣʢʘ 

1 [Mo3S7(tdas)3]
2-
 -1.31 // +0.72 (ʦʢ.) 

[188] 2 [Mo3S4Se3Br6]
2-
 -1.2 ð -1.4 

3 [Mo3S7Cl6]
2-
 -1.2 ð -1.4 

4 [Mo3S7Br6]
2-
 -1.15 // -1.68 

[193] 
5 [Mo3S7(mnt)3]

2-
 -1.04 // +0.77 (ʦʢ.) // +1.16 (ʦʢ.) 

6 [Mo3S7(tfd)3]
2-
 -1.22 // +0.51 (ʦʢ.) // +0.89 (ʦʢ.) 

[189] 

7 [Mo3S7(bdt)3]
2-
 -1.26 // +0.23 (ʦʢ.) // +0.41 (ʦʢ.) 

8 [Mo3S7(dmid)3]
2-
 -1.27 // +0.36 (ʦʢ.) 

9 [Mo3S7(dsit)3]
2-
 -1.69 // +0.34 (ʦʢ.) 

10 [Mo3S7(dmit)3]
2-

 -1.20 // +0.38 (ʦʢ.) 

11 [Mo3S7(S2)6]
2-
 -1.22 [182] 

12 [Mo3Se7(dmit)3]
2-
 -0.92 // +0.15 (ʦʢ.) [190] 

13 [Mo3Sʝ7(dsit)3]
2-
 -0.87 // +0.16 (ʦʢ.) 

14 [Mo3Sʝ7(phen)3]
4+

 -0.07 [191] 

15 [W3Sʝ7(phen)3]
4+

 -0.61 

16 (Bu4N)[Mo3S7Br4(dmdcbpy)]
+
 +0.92 // -0.58 // -0.83 [64] 

17 [Mo3S7Br4(dnbpy)] -1.06 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʢʠʩʣʝʥʠʶ ʜʠʪʠʦʣʘʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʩʣʫʞʠʣʠ ʦʩ-

ʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʠʣʠ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʚʦʜ-

ʥʠʢʦʚ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʳʭ ʨʘʜʠ-

ʢʘʣʦʚ ʠ ʠʭ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷʤ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʚʷʟʝʡ (ʩʤ. ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣ).  

1. 2. 2. 3. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʄʦʣʝʢʫʣʳ ʩ ʤʘʣʦʡ ʨʘʟʥʠʮʝʡ ʤʝʞʜʫ ʵʥʝʨʛʠʷʤʠ ʛʨʘʥʠʯʥʳʭ ʦʨʙʠʪʘʣʝʡ ʣʝʛʢʦ ʜʦʥʠʨʫʶʪ  

(ʩ HOMO) ʠʣʠ ʧʨʠʥʠʤʘʶʪ (ʥʘ LUMO) ʵʣʝʢʪʨʦʥʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʚʩʝʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʆʢʠʩʣʝʥʠʝ [Mo3Q7(ʜʠʪʠʦʣʘʪ)3]
2-
 ʜʦ [Mo3Q7(ʜʠʪʠʦʣʘʪ)3] ʧʨʠʚʦʜʠʪ ʢ ʠʟ-

ʤʝʥʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ 1a1
2
1e

4
 ʥʘ 1a1

2
1e

2
 c ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʤʠ ʚʳʨʦʞʜʝʥʥʳʤʠ 

HOMO-ʦʨʙʠʪʘʣʷʤʠ ʝ-ʪʠʧʘ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʘʙʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ ʤʦʛʫʪ ʧʨʠʥʠ-

ʤʘʪʴ ʫʯʘʩʪʠʝ ʚʦ ʤʥʦʞʝʩʪʚʝʥʥʳʭ SĿĿĿS ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ, ʘ ʥʝʙʦʣʴʰʦʡ ʟʘʟʦʨ ʧʦ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 

HOMO ʠ LUMO ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʨʘʟʥʠʮʝʡ ʧʦ ʵʥʝʨʛʠʠ HOMO ʠ HOMO-1 ʦʨʙʠʪʘ-



73 

 

ʣʷʤʠ ʚ ʜʠʘʥʠʦʥʥʳʭ ʧʨʝʢʫʨʩʦʨʘʭ, ʜʘʚʘʷ, ʪʝʤ ʩʘʤʳʤ, ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʜʥʦʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ.  

ʍʠʤʠʯʝʩʢʦʝ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ (n-Bu4N)2[Mo3S7(dmit)3] ʚ ʤʷʛ-

ʢʠʭ ʫʩʣʦʚʠʷʭ (Eİ = 0.38 ɺ, [185]) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ 

[Mo3S7(dmit)3]. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ 

ʪʘʢ, ʯʪʦ ʢʣʘʩʪʝʨʥʳʝ ʝʜʠʥʠʮʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʠ ʩʦʝʜʠʥʝʥʥʳ ʧʦʩʨʝʜʩʪʚʦʤ 

SĿĿĿS ʢʦʥʪʘʢʪʦʚ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʠ, ʦʙʨʘʟʫʶʱʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʝʪʴ (ʨʠʩ. 57) ʩ ʩʠʤʤʝʪʨʠʝʡ 

C3v ʠ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʤʠ MO. 

ʈʠʩ. 57. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ "ʤʝʜʦʚʳʝ ʩʦʪʳ" ʚʜʦʣʴ ʦʩʠ ʩ [Mo3S7(dmit)3] 

 

ʄʦʣʝʢʫʣʳ [Mo3S7(ʜʠʪʠʦʣʘʪ)3], ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠ-

ʘʥʠʦʥʦʚ, ʠʥʪʝʨʝʩʥʳ ʩ ʤʘʛʥʠʪʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʧʠʥ ʩʠʩʪʝʤʳ ʜʦʣʞʝʥ ʙʳʪʴ S = 1. ʀʟ-

ʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ [Mo3S7L3], L = dmit, dmit  

ʠ dsit, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʧʨʝʨʳʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ɢȚʊ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ (ʨʠʩ. 58ʘ). ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʟʥʘʯʝʥʠʷ ɢȚʊ ʷʚʥʦ ʥʠʞʝ ʦʞʠʜʘʝʤʳʭ ʜʣʷ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ 

ʷʩʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʝʩʧʘʨʝʥ-

ʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ [Mo3S7(ʜʠʪʠʦʣʘʪ)3]. ʄʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠ-

ʩʘʥʦ ʚ ʪʝʨʤʠʥʘʭ ʦʜʥʦʤʝʨʥʦʡ ʦʙʤʝʥʥʦʡ ʩʝʪʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥ-

ʥʳʭ ʩʧʠʥʦʚ S = 0 ʠ S = 1 [185]. 
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ʉ ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭʪʦʯʝʯʥʦʛʦ ʤʝʪʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ [Mo3S7L3], L = dmit, dmit ʠ dsit ʜʣʷ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʚ ʛʨʘʥʫʣʳ ʧʦʨʦʰʢʦ-

ʚʳʭ ʠ/ʠʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʟʳ [Mo3S7(dmit)3] ʧʦʩʪʝ-

ʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡ-

ʩʪʚʘ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [Mo3S7(dmit)3] ʚʜʦʣʴ ʦʩʠ ʩ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʠʣʘ 25ʉʤ/ʩʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʤʦ-

ʣʝʢʫʣʷʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʫʜʚʘʠʚʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ (10 ʢʙʘʨ). ʕʣʝʢʪʨʦʥ-

ʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʛʨʘʥʫʣ [Mo3S7(dmid)3] ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ů = 2 

ʉʤ/ʩʤ, ɽʘ = 90 ʤʵɺ) ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʧʨʦʚʦʜʠʤʦʩʪʴʶ [Mo3S7(dmit)3], ʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

[Mo3S7(dsit)3] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʦʣʝʝ ʫʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ (ů = 9Ț10
-2

 ʉʤ/ʩʤ, ɽʘ = 220 ʤʵɺ) 

[162,185]. 

ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ab initio ʨʘʩʯʝʪʳ ʩʧʠʥ-ʧʦʣʷʨʠʟʘʮʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Mo3S7(dmit)3] 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ (ɸʌʄ) ʩʦʩʪʦʷʥʠʝ ʦʯʝʥʴ ʙʣʠʟʢʦ ʧʦ ʵʥʝʨʛʠʠ ʢ ʬʝʨʨʦʤʘʛʥʠʪ-

ʥʦʤʫ (ʌʄ) ʠ ʣʠʰʴ ʥʘ 0.02 ʵɺ ʥʘ ʤʦʣʝʢʫʣʫ ʥʠʞʝ ʧʦ ʵʥʝʨʛʠʠ,ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʤʘʛ-

ʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʈʘʩʯʝʪʳ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ɸʌʄ ʩʦʩʪʦʷʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʝ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʜʦʣʴ ʦʩʠ ʩ (ʨʠʩ. 58ʙ) ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʚʙʣʠʟʠ 

ʫʨʦʚʥʷ ʌʝʨʤʠ, ʪʘʢ ʯʪʦ ʢʦʤʧʣʝʢʩ [Mo3S7(dmit)3] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʤʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦ-

ʣʫʧʨʦʚʦʜʥʠʢ ʩ ʥʝʙʦʣʴʰʦʡ (ʥʦ ʥʝ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ) ʜʠʩʧʝʨʩʠʝʡ ʚʜʦʣʴ ʩ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝ-

ʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʥʘ ʫʨʦʚʥʝ ʌʝʨʤʠ (ʦʢʦʣʦ 200 ʤʵɺ), ʪʝʩʥʦ ʩʚʷʟʘʥʳʡ ʩ ʥʝ-

ʙʦʣʴʰʠʤ ʟʘʟʦʨʦʤ ʧʦ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʠ HOMO-1 ʦʨʙʠʪʘʣʷʤʠ ʚ ʜʠʘʥʠʦʥʥʦʤ ʧʨʝʢʫʨʩʦʨʝ 

[Mo3S7(dmit)3]
2-

. 

ʂʦʤʧʣʝʢʩʳ [Mo3S7(dmit)3], [Mo3S7(dmid)3] ʠ [Mo3S7(dsit)3] ʧʦʣʦʞʠʣʠ ʥʘʯʘʣʦ ʥʦʚʦʤʫ ʩʝ-

ʤʝʡʩʪʚʫ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ  ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʨʦʚʦʜʷʱʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʞʝ ʦʪʚʝʯʘ-

ʶʪ ʟʘ ʤʘʛʥʠʪʥʳʝ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʠ ʟʘ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ɸʌʄ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ J 

ʠ J' (ʨʠʩ. 58ʚ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ J ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʤʝʥʫ ʤʝʞʜʫ ʜʠʪʠʦʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʨʠ-

ʥʘʜʣʝʞʘʱʠʤʠ ʢ ʨʘʟʥʳʤ ʮʝʧʦʯʢʘʤ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ J' ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʤʝʥʫ ʤʝʞʜʫ ʜʠʪʠʦʣʘʪ-

ʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʢ ʦʜʥʦʡ ʮʝʧʦʯʢʝ ʢʣʘʩʪʝʨʦʚ. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʢʘʞʜʳʡ ʤʘʛ-

ʥʠʪʥʳʡ ʢʣʘʩʪʝʨ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʜʚʘ ʥʝʩʧʘʨʝʥ-

ʥʳʭ ʵʣʝʢʪʨʦʥʘ, ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʧʦ ʪʨʝʤ ʬʨʘʛʤʝʥʪʘʤ, ʚ ʢʦʪʦʨʦʡ ʢʦʥʢʫʨʠʨʫʶʪ ʜʚʘ ɸʌʄ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ. ɻʠʧʦʪʝʪʠʯʝʩʢʦʝ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʪʚʝʨʜʦʛʦ [Mo3S7(dmit)3], ʩʦʛʣʘʩʥʦ ʨʘʩʯʝ-

ʪʘʤ, ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʥʘ 50 ʤʵɺ ʥʘ ʤʦʣʝʢʫʣʫ ʚʳʰʝ ʧʦ ʵʥʝʨʛʠʠ, ʯʝʤ ɸʌʄ ʩʦʩʪʦʷʥʠʝ. ʧʦʟʞʝ 

ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʧʠʩʘʥʦ ʜʣʷ ʨʦʜʩʪʚʝʥʥʦʡ ʤʦʥʦʷʜʝʨʥʦʡ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʩʦʣʠ (ʄʝ-

3,5-DIP)[Ni(dmit)2]2 (ʄʝ-3,5-DIP = N-ʤʝʪʠʣ-3,5 -ʜʠʡʦʜʦʧʠʨʠʜʠʥ), ʚ ʢʦʪʦʨʦʡ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʨʦ-
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ʚʦʜʠʤʦʩʪʴ ʠ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʩ ɸʌʄ-ʚʟʘʠʤʦʜʝʡʩʪʚʝʤ ʥʘʙʣʶʜʘʣʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ˊ-

ʵʣʝʢʪʨʦʥʦʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʥʠʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ Ni(dmit)2 [163,194]. 

ʈʠʩ. 58. ʘ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɢȚʊ~T ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [Mo3S7(dmit)3], [Mo3S7(dmid)3] ʠ [Mo3S7(dsit)3]; 

ʙ) ʌʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ [Mo3S7(dmit)3], ʚʠʜ ʚʜʦʣʴ ʦʩʠ ʩ ʧʦʜʯʝʨʢʠʚʘʝʪ SĿĿĿS ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʪʚʝʯʘʶʱʠʝ 

 ʟʘ ʧʨʦʚʦʜʷʱʝ ʩʚʦʡʩʪʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʜʚʘ ʩʤʝʞʥʳʭ ʢʣʘʩʪʝʨʘ ʚ ʮʝʧʦʯʢʝ ʠ ʦʜʠʥ ʣʠʛʘʥʜʘ dmit ʥʘ ʢʣʘʩʪʝʨ, 

ʤʦʩʪʠʢʦʚʳʝ ʜʠʩʫʣʴʬʠʜʳ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ; ʚ) ʆʙʤʝʥʥʘʷ ʩʝʪʴ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

 ɸʌʄ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ J ʠ J' [162,185] 

 

ɺʚʝʜʝʥʠʝ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʚʦʜʷʱʠʝ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʠ ʫʰʠʨʝʥʠʶ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ [195]. ɿʘʤʝʱʝʥʠʝ ʩʝʨʳ ʥʘ ʩʝʣʝʥ ʚ ʜʠʪʠʦ- ʠʣʠ ʜʝʩʝʣʝʥʦʣʘʪʥʳʭ ʢʣʘʩʪʝʨʘʭ {Mo3S7} 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ {Mo3Se7} ʠʣʠ ʩʤʝʰʘʥʥʦʭʘʣʴʢʦʛʝʥʠʜʥʳʤ 

ʷʜʨʦʤ {Mo3(S/Se)7}(Q = S, Se, Te) (ʨʠʩ. 59) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʦʛʘʱʝʥʥʳʭ 

ʩʝʣʝʥʦʤ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ [162]. ʕʣʝʢʪʨʦʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚʝʩʴʤʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʦʢʨʫʞʝʥʠʶ ʠ ʦʨʠʝʥʪʘʮʠʠ, ʠ ʵʪʦ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘ ʩʯʝʪ ʢʦʨʦʪʢʠʭ ʢʦʥʪʘʢʪʦʚ SeĿĿĿSe.  

ʀʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʜʣʷ ʩʝʣʝʥʦʚʳʭ ʜʠʘʥʠʦʥʦʚ [Mo3Se7(dmit)3]
2-

  

ʠ [Mo3Se7(dsit)3]
2-

 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʝʥʠʷ ɢmȚT ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 0.05-

0.12 emuK/mol, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ 0.1-0.2 ʥʝʩʧʘʨʝʥʥʳʤ ʵʣʝʢʪʨʦʥʘʤ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʜʠʘʥʠʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. ʅʘʣʠʯʠʝ ɸʌʄ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʪʚʝʨ-

ʜʦʤ ʪʝʣʝ ʠʩʢʣʶʯʘʝʪ ʢʘʢʫʶ-ʣʠʙʦ ʜʦʩʪʦʚʝʨʥʫʶ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʤʦʥʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʢʦʤʧʣʝʢʩʦʚ ʚʳʜʝʣʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʨʷʣʠ 

ʜʣʷ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʚ ʛʨʘʥʫʣʳ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ [Mo3Se7(dmit)3]
n-

 ʠ [Mo3Se7(dsit)3]
n-
  

(2 > n > 0) ʩ ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭʪʦʯʝʯʥʦʛʦ ʤʝʪʦʜʘ. ɿʥʘʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ [Mo3Se7(dmit)3]
n-
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(6Ț10
-3

 ʉʤ/ʩʤ) ʠ [Mo3Se7(dsit)3]
n-

 (2Ț10
-4
 ʉʤ/ʩʤ) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʜʦʚʦʣʴʥʦ ʥʠʟʢʘ (ʩʦʛʣʘʩʥʦ ʤʘʛʥʠʪʥʳʤ ʠʟʤʝ-

ʨʝʥʠʷʤ) ʠ ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʜʣʷ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʛʨʘʥʫʣ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʜʝʣʴʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʛʜʘ ʥʘ ʦʜʠʥ ʠʣʠ ʜʚʘ ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʚʦʟʨʘʩʪʘʝʪ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤ ʧʦʚʝʜʝʥʠʠ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʟʥʘʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ [Mo3S7(dmit)3] (ůRT = 1-2 ʉʤ/ʩʤ ʚ ʛʨʘʥʫʣʘʭ) [190]. 

ʈʠʩ. 59. ʂʦʦʨʜʠʥʘʮʠʷ dmit ʢ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʘʤ {Mo3Se7} ʠ {Mo3S4Se3}  

 

1. 2. 3. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {M3Q4M'}  

1. 2. 3. 1. ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ɼʠʘʛʨʘʤʤʘ ʄʆ ʜʣʷ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ {M3M'Q4} (ʨʠʩ. 60) ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʛʨʫʧʧʳ 

ʠʟ ʪʨʝʭ ʩʠʣʴʥʦ ʩʚʷʟʳʚʘʶʱʠʭ ʢʣʘʩʪʝʨʥʳʭ MO (1e ʠ 1a1), ʜʚʫʢʨʘʪʥʦ ʚʳʨʦʞʜʝʥʥʦʡ ʩʚʷʟʳʚʘʶʱʝʡ 

ʦʨʙʠʪʘʣʠ (2e) ʥʘ ʦʩʥʦʚʝ M', ʛʨʫʧʧʳ ʠʟ ʪʨʝʭ ʩʣʘʙʦ ʨʘʟʨʳʭʣʷʶʱʠʭ ʢʣʘʩʪʝʨʥʳʭ ʄʆ (2a1 ʠ 3e)  

ʠ ʪʨʝʭ ʩʠʣʴʥʦ ʨʘʟʨʳʭʣʷʶʱʠʭ ʢʣʘʩʪʝʨʥʳʭ MO (4e ʠ 3ʘ1) [196]. ɺ ʢʣʘʩʪʝʨʘʭ, ʠʤʝʶʱʠʭ 14 ʠ 16 

ʂʉʕ, 12 ʵʣʝʢʪʨʦʥʦʚ ʙʫʜʫʪ ʟʘʥʠʤʘʪʴ ʩʚʷʟʳʚʘʶʱʠʝ ʦʨʙʠʪʘʣʠ (1e, 1a1 ʠ 2e) ʠ ʩʣʘʙʦ ʨʘʟʨʳʭʣʷʶʱʠʝ 

ʦʨʙʠʪʘʣʠ 2ʘ1, ʘ ʜʚʘ ʠʣʠ ʯʝʪʳʨʝ ʵʣʝʢʪʨʦʥʘ ʙʫʜʫʪ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʥʠʤʘʪʴ ʦʨʙʠʪʘʣʴ 3e 

(HOMO). ɺ ʢʣʘʩʪʝʨʘʭ ʩ ʙʦʣʝʝ, ʯʝʤ 16 ʝ
-
, ʵʣʝʢʪʨʦʥʳ ʙʫʜʫʪ ʪʘʢʞʝ ʟʘʥʠʤʘʪʴ ʨʘʟʨʳʭʣʷʶʱʠʝ ʄʆ 4e 

ʠ 3ʘ1.  
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ʈʠʩ. 60. ʈʘʩʩʯʠʪʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ ʜʣʷ ʬʨʘʛʤʝʥʪʦʚ  

[Mo3S4Ni(CO)(H2O)9]
4+

, [Ni(CO)S3]
6-
 ʠ [Mo3S4(H2O)9]

4+
 

 

ʉʨʘʚʥʝʥʠʝ ʜʣʠʥ ʩʚʷʟʝʡ ʤʝʞʜʫ 14- ʠ 16-ʵʣʝʢʪʨʦʥʥʳʤʠ ʢʫʙʘʥʦʚʳʤʠ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʘʤʠ 

ʪʠʧʘ ʄ3M' ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʯʝʪʢʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʠ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦ ʤʦʞʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʚʝʩʴʤʘ ʜʝʣʦʢʘʣʠʟʦʚʘʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-

ʤʝʪʘʣʣ ʚ ʩʠʩʪʝʤʝ ʄ3M'. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʣʠʥʘʭ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-

ʤʝʪʘʣʣ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʷʜʨʦʤ {Mo3S4M'} ʠ ʪʝʤ ʞʝ ʯʠʩʣʦʤ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʜʦʥʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʠʤʝʶʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʪʝʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʯʝʪʳ ʧʦ ʌʝʥʩʢʝ-ʍʦʣʣʫ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʚʷʟʳʚʘʶʱʠʡ ʠʣʠ ʨʘʟʨʳʭʣʷʶʱʠʡ 

ʭʘʨʘʢʪʝʨ ʩʨʝʜʥʝʡ ʛʨʫʧʧʳ ʢʣʘʩʪʝʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (2ʘ1 ʠ 3e) ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʵʥʝʨʛʠʡ 

ʦʨʙʠʪʘʣʝʡ ʬʨʘʛʤʝʥʪʦʚ ʄ' ʠ ʄ3 [196]. ʊʘʢ ʢʘʢ ʦʨʙʠʪʘʣʠ ʄ' ʚʳʰʝ ʧʦ ʵʥʝʨʛʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʨʙʠ-

ʪʘʣʝʡ ʬʨʘʛʤʝʥʪʘ ʄ3, ʦʥʠ ʩʠʣʴʥʝʝ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʥʝʟʘʥʷʪʳʤʠ ʦʨʙʠʪʘʣʷʤʠ ʬʨʘʛʤʝʥʪʘ M3S4  

ʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʩʨʝʜʥʷʷ ʛʨʫʧʧʘ ʢʣʘʩʪʝʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʚʷʟʳʚʘʶʱʝʡ (ʠʣʠ  

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʤʝʥʝʝ ʨʘʟʨʳʭʣʷʶʱʝʡ). ʕʥʝʨʛʠʷ ʬʨʘʛʤʝʥʪʘ ʄ' ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ  

Cu < Ni < Co < Fe ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʪʠʩʚʷʟʳʚʘʶʱʝʡ ʭʘʨʘʢʪʝʨ (2a1 ʠ 3e) ʦʨʙʠʪʘʣʝʡ ʫʤʝʥʴʰʘ-

ʝʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Cu > Ni > Co > Fe. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄ-

ʄ' ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ Cu < Ni < Co < Fe. ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʜʣʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦʨʷʜ-

ʢʦʚ ʩʚʷʟʝʡ ʄ-ʄ' ʚ ʢʦʤʧʣʝʢʩʘʭ [Mo3CoS4Cp'3(CO)] ʠ [Mo3NiS4(H2O)9(CO)]
4+
, ʨʘʚʥʳʭ 0.561  

ʠ 0.432 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɼʠʩʢʨʝʪʥʳʝ ʚʘʨʠʘʮʠʦʥʥʳʝ ʨʘʩʯʝʪʳ ʍŬ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [Mo3M'S4(H2O)10]
4+

 (ʄ' = Fe, Ni) 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʙʱʝʡ ʢʘʨʪʠʥʦʡ ʩʚʷʟʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʣʷ ʩʭʝʤʳ ʌʝʥʩʢʝ-ʍʦʣʣʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʪʦʛʦ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʍŬ HOMO-ʦʨʙʠʪʘʣʴ ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʶ "ʘ" ʜʣʷ ʦʙʦʠʭ {Mo3Fe}  

ʠ {Mo3Ni} ʢʦʤʧʣʝʢʩʦʚ [197]. ɺ ʩʣʫʯʘʝ ʥʠʢʝʣʷ ʩʠʤʤʝʪʨʠʷ HOMO ʩʦʚʧʘʜʘʝʪ ʩ ʩʠʤʤʝʪʨʠʝʡ 

LUMO ʚ ʤʘʣʳʭ ʤʦʣʝʢʫʣʘʭ, ʪʘʢʠʭ ʢʘʢ ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʠʣʠ ʵʪʠʣʝʥ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʷʩʥʷʷ ʨʝʘʢ-

ʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ {Mo3Ni} ʢʣʘʩʪʝʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʠʤ ʤʦʣʝʢʫʣʘʤ. ʆʪʩʫʪʩʪʚʫʶʱʘʷ ʨʝ-

ʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʞʝʣʝʟʘ ʩʚʷʟʘʥʘ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʚʧʘʜʝʥʠʷ ʧʦ ʩʠʤʤʝʪʨʠʠ 

ʤʝʞʜʫ ʢʣʘʩʪʝʨʥʦʡ HOMO {Mo3Fe} ʠ LUMO ʵʪʠʭ ʤʘʣʳʭ ʤʦʣʝʢʫʣ.  

ɹʳʣʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʷʜʨʦʤ {Mo3CuS4}, ʠʤʝʶʱʠʤ 17 ʂʉʕ, 

ʜʣʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ, ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʢʫʙʘ [Mo3CuS4(tdci)3Br]
3+

 (tdci ï ʮʠʩ-

1,3,5-ʪʨʠʩ(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʠʥʦʟʠʪʦʣ), [Mo3S4Cu(H2O)10]
4+

 ʠ ʩʜʚʦʝʥʥʦʛʦ ʢʫʙʘ 

[(H2O)9Mo3S4CuCuS4Mo3(H2O)9]
8+

 [198,199]. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʘʩʩʪʦʷʥʠʷ ʄʦ-Cu ʙʦʣʴʰʝ, ʯʝʤ 

ʥʘʙʣʶʜʘʝʤʳʝ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ 16-ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ. ʈʘʩʯʝʪʳ ʄʆ ʨʘʩʰʠʨʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʍʶʢʢʝʣʷ ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ {Mo3CuS4} ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʥ ʚ 17-ʵʣʝʢʪʨʦʥʥʦʤ ʢʣʘʩʪʝʨʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʠʣʴʥʦʨʘʟʨʳʭʣʷʶʱʝʡ ʄʦ-ʄʦ ʠ ʄʦ-

Cu ʦʨʙʠʪʘʣʠ, ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʩʷʟʳʚʘʥʠʝ ʄʦ-ʄʦ ʠ ʄʦ-Cu, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʄʦ-ʄʦ  

ʠ ʄʦ-Cu ʨʘʩʩʪʦʷʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʜʣʷ [Mo3CuS4(tdci)3Br]
3+

.  

1. 2. 3. 2. ʈʝʜʦʢʩ-ʩʚʦʡʩʪʚʘ 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ ʪʠʧʘ {M3M'Q4} ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. ʂʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʶʪʩʷ ʪʨʫʜʥʝʝ ʤʦʣʠʙʜʝʥʦʚʳʭ. ʀʥʪʝʨʝʩʥʳʡ ʤʦʤʝʥʪ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝ-

ʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ {M3M'Q4} ʠ ʠʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ 

{M 3Q4}. ʂʦʤʧʣʝʢʩʳ [Mo3M'S4(H2O)10]
4+

 (ʄ' = Fe, Ni), ʧʦʣʫʯʘʶʱʠʝʩʷ ʧʨʠ ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʠʠ Fe 

ʠʣʠ Ni ʚ ʘʢʚʘʠʦʥ {Mo3S4}
4+
, ʧʨʠʤʝʨʥʦ ʥʘ 0.45 ɺ ʪʷʞʝʣʝʝ ʚʦʩʩʪʘʥʦʚʠʪʴ, ʯʝʤ ʠʭ ʪʨʝʭʲʷʜʝʨʥʳʝ 

ʧʨʝʢʫʨʩʦʨʳ [200]. ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʬʦʨʤʘʣʴʥʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣ-

ʣʦʚ ʚ ʢʣʘʩʪʝʨʝ ʩʣʝʜʫʶʱʠʝ: Mo
IV

Mo2
III

M'
II
, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʊʨʠ ʚʦʣʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʪ-

ʥʝʩʝʥʳ ʢ ʪʨʝʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʘ ʠʤʝʥʥʦ Mo
IV

Mo2
III

M'
II
 ź Mo

IV
Mo2

III
M'

I
 ź 

Mo
IV

Mo2
III

M'
0
 źMo3

III
M'

0
, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʪʨʝʪʴʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʦʚ Mo3Fe ʠ Mo3Ni ʦʯʝʥʴ ʙʣʠʟʦʢ ʢ ʪʨʝʪʴʝʤʫ ʧʦʪʝʥʮʠʘʣʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʢʚʘʢʦʤʧʣʝʢʩʘ 

{Mo 3S4}
4+
, ʧʨʠ ʢʦʪʦʨʦʤ Mo

IV
Mo2

III
 ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ Mo3

III
. 

ɺ ʦʪʣʠʯʠʝ ʦʪ Fe ʠ Ni, ʠʥʢʦʨʧʦʨʠʨʦʚʘʥʠʝ ʤʝʜʠ ʚ ʢʦʤʧʣʝʢʩʳ [M3Q4(dmpe)3X3]
+
 ʧʨʠʚʦʜʠʪ  

ʢ ʘʥʦʜʥʦʤʫ ʩʜʚʠʛʫ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʩʫʣʴʬʠʜʥʳʭ ʠ ʩʝʣʝʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʢʘʢ ʤʦʣʠʙʜʝʥʘ, ʪʘʢ ʠ ʚʦʣʴʬʨʘʤʘ [201,202]. ʕʪʦʪ ʬʘʢʪ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝ-

ʥʝʡ ʦʢʠʩʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʄʦ2
IV

Mo
III

Cu
I
 ʚ 17-ʵʣʝʢʪʨʦʥʥʦʤ ʘʢʚʘʢʦʤʧʣʝʢʩʝ [Mo3CuS4]

4+
, ʧʦʣʫʯʝʥ-
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ʥʦʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʕʇʈ, ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ: Mo3
IV

Cu
I
 ź Mo2

IV
Mo

III
Cu

I
 ź Mo

IV
Mo2

III
Cu

I
. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʚʪʦ-

ʨʦʛʦ ʧʨʦʮʝʩʩʘ ʩʭʦʞʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʚʦʡ ʚʦʣʥʳ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ, ʥʘʡʜʝʥʥʦʡ ʜʣʷ ʪʨʝʭʲʷʜʝʨʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʛʜʘ Mo3
IV

 ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 

Mo
IV

Mo2
III
. ʆʥʠ ʪʘʢʞʝ ʧʦʭʦʞʠ ʥʘ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚʪʦʨʦʡ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʡ ʚʦʣʥʳ, ʥʘʙʣʶ-

ʜʘʝʤʦʡ ʚ ʪʨʝʭʲʷʜʝʨʥʳʭ ʩʝʣʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʧʨʠ ʢʦʪʦʨʦʡ Mo2
IV

Mo
III

 ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ 

Mo
IV

Mo2
III
. ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ ʢʦʤʧʣʝʢʩʳ {W3CuS4} .  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʝʣʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ [Mo3Q4CuL(dmpe)3ʍ3]
+
 ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʣʝʛʯʝ, ʯʝʤ 

ʘʥʘʣʦʛʠʯʥʳʝ ʩʫʣʴʬʠʜʥʳʝ [165]. ʇʨʠ ʵʪʦ ʨʘʟʣʠʯʥʘʷ ʧʨʠʨʦʜʘ ʣʠʛʘʥʜʦʚ ʧʨʠ ʤʝʜʠ ʚ ʢʦʤʧʣʝʢʩʘʭ 

[Mo3S4CuL(dmpe)3ʍ3]
+
, L = ʉl

-
, CN

-
, CN

-
ĿĿĿʄʦ(ʉʆ)5, ʥʝ ʚʳʟʳʚʘʶʪ ʢʘʢʠʭ-ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟ-

ʤʝʥʝʥʠʡ ʚ ʨʝʜʦʢʩ-ʧʦʚʝʜʝʥʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʦʨʜʠʥʘʮʠʷ ʮʠʘʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʢ ʤʦʣʠʙʜʝʥʫ  

ʚ ʢʦʤʧʣʝʢʩʘʭ [(ʉN)3Mo3S4CuL(dmpe)3]
+
 ʠ ʠʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʧʨʝʢʫʨʩʦʨʘʭ [(ʉN)3Mo3S4(dmpe)3]

+
 

ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ (200-500 ʤɺ) ʘʥʦʜʥʳʡ ʩʜʚʠʛ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ  

ʩ [ʉl3Mo3S4CuL(dmpe)3]
+
 [203]. 

ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʝʨʠʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[(Cp')3M3S4M'L]
0
/
+
/
2+

/
3+

 (M = Mo, W; M' = Ni, Pd, Pt; L = PPh3, AsPh3) [166]. ʂʦʤʧʣʝʢʩ 

[(Cp')3W3S4NiPPh3]
+
 ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʜʥʦʤʫ ʧʨʦʮʝʩʩʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ +/0, ʘ ʪʘʢʞʝ ʜʚʫʤ ʧʨʦʮʝʩʩʘʤ 

ʦʢʠʩʣʝʥʠʷ, +/+2 ʠ +2/+3. ɺʩʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠ ʦʙʨʘʪʠʤʳʤʠ ʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ (ɽʨ = +1.41 ɺ) ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʙʨʘʪʠʤʦʝ ʦʢʠʩʣʝ-

ʥʠʝ, ʦʪʥʦʩʷʱʝʝʩʷ ʢ ʦʢʠʩʣʝʥʠʶ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ (ʩʚʦʙʦʜʥʳʡ PPh3 ʦʢʠʩʣʷ-

ʝʪʩʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ +1.26 ɺ). ʂʦʤʧʣʝʢʩ [(Cp')3W3S4PtPPh3]
+
, ʢʘʢ ʠ ʥʠʢʝʣʝʚʳʡ ʘʥʘʣʦʛ, ʧʦʜʚʝʨʛʘ-

ʶʪʩʷ ʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʜʚʫʤ ʧʨʦʮʝʩʩʘʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ, ʧʝʨʚʳʡ ʠʟ ʢʦʪʦʨʳʭ ʯʘʩʪʠʯʥʦ ʭʠʤʠʯʝʩʢʠ ʦʙʨʘʪʠʤ (ʦʪʥʦʰʝʥʠʝ ipc/ipa = 0.5 ʧʨʠ 0.1 ɺ/ʩ) 

ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ +0.2 ɺ, ʚ ʪʦ ʚʨʝ-

ʤʷ ʢʘʢ ʚʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ. ʎɺɸ ʢʦʤʧʣʝʢʩʘ [(Cp')3W3S4PdPPh3]
+
, ʥʘʧʨʦʪʠʚ, ʜʝʤʦʥ-

ʩʪʨʠʨʫʝʪ ʦʜʠʥ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʡ ʘʥʦʜʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʦʩʣʦʞʥʷʝʪʩʷ ʧʦʩʣʝʜʫʶʱʠʤʠ ʭʠʤʠ-

ʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʦʩ-

ʥʦʚʥʳʤ ʧʠʢʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ +0.5 ɺ). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʝʭʲʷʜʝʨʥʳʤ 

ʧʨʝʢʫʨʩʦʨʦʤ [(Cp')3W3S4]
+
 (ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʛʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠ ʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ), ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʬʨʘʛʤʝʥʪʘ M'(PPh3), ʦʢʘʟʳ-

ʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʡ ʵʬʬʝʢʪ, ʥʝ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨ ʦʢʠʩʣʝʥʠʷ ʚ ʩʣʫʯʘʝ ʧʘʣʣʘʜʠʝʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʢʝʣʝʤ ʠ ʧʣʘʪʠʥʦʡ ʵʣʝʢʪʨʦʥʥʳʝ ʵʬʬʝʢʪʳ 

"ʨʘʟʜʝʣʷʶʪ" ʜʚʫʭʵʣʝʢʪʨʦʥʥʫʶ ʚʦʣʥʫ ʥʘ ʜʚʘ ʦʪʜʝʣʴʥʳʭ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʮʝʩʩʘ. ɺ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʜʦʙʘʚʣʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʄ'(PPh3) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝ-

ʢʣʶʯʘʪʝʣʴ. ʉ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʤʧʣʝʢʩʳ [(Cp')3M3S4M'L]
0
/
+
/
2+

/
3+

 (M = Mo, W;  
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M' = Ni, Pd, Pt; L = PPh3, AsPh3) ʠʤʝʶʪ ʦʯʝʥʴ ʩʭʦʞʝʝ ʨʝʜʦʢʩ-ʧʦʚʝʜʝʥʠʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʤ-

ʧʣʝʢʩʘ {W3S4Pd}, ʢʦʪʦʨʳʡ ʪʘʢʞʝ, ʢʘʢ ʠ ʪʨʝʭʲʷʜʝʨʥʳʡ ʧʨʝʢʫʨʩʦʨ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʚʫʭʵʣʝʢʪʨʦʥ-

ʥʦʤʫ ʦʢʠʩʣʝʥʠʶ. ʂʣʘʩʪʝʨʳ Mo ʪʨʫʜʥʝʝ ʦʢʠʩʣʠʪʴ ʠ ʣʝʛʯʝ ʚʦʩʩʪʘʥʦʚʠʪʴ, ʯʝʤ W ʘʥʘʣʦʛʠ. ɺʝʨʦʷʪ-

ʥʦ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʙʣʦʢ [(Cp')3ʄʦ3S4]
+
 ʣʝʛʯʝ "ʘʤʦʨʪʠʟʠʨʫʝʪ" ʵʣʝʢʪʨʦʥʥʳʝ ʵʬʬʝʢʪʳ ʄ'(PPh3) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ [(Cp')3W3S4]
+
 [166].  

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4FeX(dmpe)3Cl3]  

ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʝ ʞʝʣʝʟʘ X = Cl, CN, N3, SPh ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʜʣʷ ʚʩʝʭ 

ʢʦʤʧʣʝʢʩʦʚ ʭʠʤʠʯʝʩʢʠ ʢʚʘʟʠʦʙʨʘʪʠʤʦʡ ʚʦʣʥʳ ʦʢʠʩʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.17-0.39 ɺ, ʦʪʥʦʩʷʱʝʛʦʩʷ 

ʢ ʧʘʨʝ {Mo3S4Fe}
4+

/
5+
. ʃʠʛʘʥʜʳ ʧʨʠ ʤʝʪʘʣʣʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ {Mo3CuS4}, 

ʚʣʠʷʶʪ ʥʘ ʣʝʛʢʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ, ʦʙʨʘʟʫʷ ʨʷʜ L = SPh
-
 > Cl

-
 = N3

-
 > CN

-
. ɸʥʘʣʦʛʠʯʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʬʨʘʛʤʝʥʪʘ {FeCN} ʦʧʠʩʘʥʦ ʜʣʷ ʢʣʘʩʪʝʨʦʚ {Fe4S4} ʠ {MoFe3S4} ʩ ʮʠʘʥʠʜʥʳʤʠ, ʬʦʩ-

ʬʠʥʦʚʳʤʠ, ʪʠʦʣʘʪʥʳʤʠ ʠ ʧʠʨʘʟʦʣʠʣʙʦʨʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [204,205], ʜʝʤʦʥʩʪʨʠʨʫʷ ʟʥʘʯʠʪʝʣʴ-

ʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʠʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ [206,207].  

ʎɺɸ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4Cuʍ(H2O)3(C2O4)3]
2ï

 (ʍ = Cl, I, SCN) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʠʢʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.03 ʜʦ -0.35 ɺ (ʜʚʘ ʢʚʘʟʠʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʘ ʜʣʷ Cl, ʦʜʠʥ ʜʚʫʭ-

ʵʣʝʢʪʨʦʥʥʳʡ ʧʠʢ ʜʣʷ I ʠ ʦʜʠʥ ʧʠʢ ʜʣʷ SCN) [208]. ʅʘʡʜʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʷʚʣʷ-

ʶʪʩʷ ʤʦʣʠʙʜʝʥ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ: Mo
IV

3Cu
I
 Ÿ Mo

III
Mo

IV
2Cu

I
 Ÿ Mo

IV
Mo

III
2Cu

I
. ʅʝʧʦʣʥʘʷ ʦʙʨʘ-

ʪʠʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʢʣʘʩʪʝʨʘ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʣʠʛʘʥʜʘ ʧʨʠ ʘʪʦʤʝ ʤʝʜʠ ʠ ʚʦʟʤʦʞʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ  

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʩ-ʢʫʙʘʥʦʚʦʛʦ ʢʣʘʩʪʝʨʘ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ [Mo3S4CuI(H2O)3(C2O4)3]
2ï

 ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʪʘʢʞʝ ʢʚʘʟʠʦʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʧʨʠ +0.21 ɺ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʧʘʨʝ I2/2I
-
. ɼʣʷ ʚʩʝʭ 

ʢʦʤʧʣʝʢʩʦʚ [Mo3S4Cuʍ(H2O)3(C2O4)3]
2ï

 ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠ-

ʨʦʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʜʠʬʬʫʟʠʷ ʢ ʵʣʝʢʪʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ, ʘ ʥʝ ʵʣʝʢʪʨʦʥʥʳʡ ʦʙʤʝʥ. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  5 

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʦʧʠʩʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

 ʉʦʝʜʠʥʝʥʠʝ ɽİ, ɺ ʦʪʥ. Ag/AgCl ʉʩʳʣʢʘ 

1 [Mo3S4Fe(H2O)10]
4+

 -1.00 // -1.56 // -1.90 
[197] 

2 [Mo3S4Ni(H2O)10]
4+

 -1.00 // -1.57 // -1.81 

3 [Mo3S4CuCl(dmpe)3Cl3]
+
 -0.81 // -1.19 

[201] 
4 [Mo3S4CuBr(dmpe)3Br3]

+
 -0.73 // -1.08 

5 [Mo3Se4CuBr(dmpe)3Br3]
+
 -0.73 // -1.31 // -1.56 [202] 

6 [Mo3S4CuCN(dmpe)3ʉl3]
+
 -0.78 

[203] 
7 [Mo3S4Cu{CN

-
ĿĿĿʄʦ(ʉʆ)5}(dmpe)3ʉl3]

+
 -0.76 // -0.35 



81 

 

 ʉʦʝʜʠʥʝʥʠʝ ɽİ, ɺ ʦʪʥ. Ag/AgCl ʉʩʳʣʢʘ 

8 [(Cp')3Mo3S4Ni(PPh3)]
+
 -1.20 // +0.80 // +1.40 

[166] 

9 [(Cp')3Mo3S4Pd(PPh3)]
+
 -1.07 // +0.72 // +0.72 

10 [(Cp')3Mo3S4Pt(PPh3)]
+
 -1.16 // +0.79 // +0.79 

11 [(Cp')3W3S4Ni(PPh3)]
+
 -1.55 // +0.57 // +1.16 

12 [(Cp')3W3S4Pd(PPh3)]
+
 -1.39 // +0.56 // +0.56 

13 [(Cp')3W3S4Pt(PPh3)]
+
 -1.40 // +0.57 // +0.98 

14 [Mo3S4Ni(AsPh3)]
+
 -1.20 // +0.80 // +1.40 

15 [Mo3S4FeCl(dmpe)3Cl3]
+
 +0.26Ŀ10

-3
 // +1.06 

[206] 
16 [Mo3S4FeCN(dmpe)3Cl3]

+
 +0.38Ŀ10

-3
 // +1.16 

17 [Mo3S4FeN3(dmpe)3Cl3]
+
 +0.25Ŀ10

-3
 // +1.01 

18 [Mo3S4FeSPh(dmpe)3Cl3]
+
 +0.16Ŀ10

-3
 // +1.03 

19 [Mo3S4CuCl(H2O)3(C2O4)3]
2ï

 -0.35 // +0.03 

[208] 20 [Mo3S4CuI(H2O)3(C2O4)3]
2ï

 -0.33 // +0.21 

21 [Mo3S4CuSCN(H2O)3(C2O4)3]
2ï

 -0.35 

22 [Mo3S4FeTp3Br] 

-1.40 ɺ ʦʪʥ. ʅʂʕ // +0.52 ɺ ʦʪʥ. 

ʅʂʕ // +1.54 ɺ ʦʪʥ. ʅʂʕ // +1.66 

ɺ ʦʪʥ. ʅʂʕ 

[207] 

 

1. 2. 3. 3. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʆʧʠʩʘʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʄʆ (ʨʠʩ. 60, [196]) ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠ-

ʠʤʯʠʚʦʩʪʠ ʜʣʷ ʠʩʪʦʣʯʝʥʥʳʭ ʚ ʧʦʨʦʰʦʢ ʦʙʨʘʟʮʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [Mo3M'S4(H2O)10][pts]4Ŀ7H2O 

(ʄ' = Fe, Ni), ʢʦʪʦʨʳʝ ʜʘʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʤʝʥʪʳ 2.78 ʤ.ʙ. ʧʨʠ 2.16 ʂ ʠ 3.26 ʤ.ʙ. ʧʨʠ  

269.95 K ʜʣʷ ʄ' = Fe ʠ 0.11 ʤ.ʙ. ʧʨʠ 2.00 ʂ ʠ 1.26 ʤ.ʙ. ʧʨʠ 260.70 ʂ ʜʣʷ ʄ' = Ni [197,209,210]. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ 14-ʵʣʝʢʪʨʦʥʥʦʤ ʢʣʘ-

ʩʪʝʨʝ {Mo3Fe} ʠ ʠʭ ʦʪʩʫʪʩʪʚʠʝʤ ʚ 16- ʣɻʝʢʪʨʦʥʥʦʤ ʢʣʘʩʪʝʨʝ {Mo3Ni}. ɺʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʨʠʩ. 61ʘ) ʜʣʷ [Mo3M'S4(H2O)10][pts]4Ŀ7H2O (ʄ' = Fe, Ni) ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʚʝʢʪʦʨʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʂʘʤʙʝ, ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʤʦʜʝʣʴʥʦʤʫ ʷʜʨʫ Mo
IV

Mo2
III

M'
II
. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ  

ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 
57

Fe-ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʚ ʢʦʪʦ-

ʨʳʭ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʘ ʞʝʣʝʟʘ ʚ ʢʣʘʩʪʝʨʝ {Mo3Fe} ʨʘʚʥʘ +2.39. ʀʟ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʬʦʪʦ-

ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʩʚʷʟʠ ʄʦ 3d3/2 ʠ ʄʦ 3d5/2 

ʜʣʷ ʵʪʠʭ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʠ ʠʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ: E(Mo3) = 233.7, 

230.7 ʵɺ; E(Mo3Fe) = 233.1, 230.0 ʵɺ ʠ ɽ(Mo3Ni) = 233.3, 230.3 ʵɺ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ɽ(Mo3) > 

E(Mo3M') ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʦʪ ʛʝʪʝʨʦʘʪʦʤʘ ʤʝʪʘʣʣʘ ʢ Mo3, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ  

ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ Mo
IV

Mo2
III

M'
II
. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʕʇʈ 17-ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʫʙʘʥʦʚʦʛʦ ʢʣʘʩʪʝʨʘ 

[Mo3CuS4(H2O)10]
4+
, ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʙʠʩʢʫʙʘʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{Mo 3CuS4(H2O)9} 2]
8+
, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʤʧʣʝʢʩ ʧʘʨʘʤʘʛʥʠʪʝʥ (S = 1/2) ʠ ʩʚʝʨʭʪʦʥʢʦʝ ʨʘʩʱʝʧ-

ʣʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ Mo2
IV

Mo
III

Cu
I
 ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ, ʚ ʢʦʪʦʨʦʤ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʮʝʥʪʨ ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʦʜʥʦʤ ʠʟ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝ-

ʥʘ. ʇʨʠ ʵʪʦʤ Mo
III

 ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʪʨʝʤ ʤʦ-

ʣʠʙʜʝʥʘʤ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʨʷʜʢʘ 10
7
 ʩʝʢ

-1
 [199]. ʈʘʩʯʝʪʳ ʄʆ ʨʘʩʰʠʨʝʥʥʳʤ ʤʝʪʦʜʦʤ ʍʶʢʢʝʣʷ 

ʜʣʷ ʘʢʚʘʠʦʥʘ [Mo3CuS4(H2O)10]
4+

 ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʙʦʣʴʰʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʧʠʥʦʚ ʥʘ ʘʪʦʤʘʭ ʄʦ, 

ʢʘʢ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʀʟʫʯʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ {M3(M'L)Q4}
n+

 

ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʘʢʮʝʧʪʦʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʦʚʦʜʷʱʠʭ ʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʣʝʡ ʩ ʢʦʦʧʝʨʘʪʠʚʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʢʠʩʣʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ [Mo3(CoCl)S4(dmpe)3Cl3] ʵʢʚʠʤʦʣʷʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 7,7,8,8-ʪʝʪʨʘʮʠʘʥʦʭʠʥʦʤʝʪʘʥʘ 

TCNQ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʛʠʙʨʠʜʥʦʡ ʩʦʣʠ [Mo3(CoCl)S4(dmpe)3Cl3](TCNQ), ʷʚʣʷʶʱʝʡʩʷ 

ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ {M3M'Q4} ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ [211]. ʂʣʘʩʪʝʨʥʳʡ ʢʘʪʠʦʥ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʥʠʦʥ ʚ [Mo3(CoCl)S4(dmpe)3Cl3](TCNQ) ʧʘʨʘʤʘʛʥʠʪʥʳ (ʨʠʩ. 61ʙ), ʘ ʛʨʘʬʠʢ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ɢmĿʊ ʦʪ ʊ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ɢmĿʊ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩ 300 ʜʦ 

~50ʂ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʮʝʧʷʭ TCNQ ʩ S = İ. 

ʅʠʞʝ ~50ʂ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚʢʣʘʜ ʦʪ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʢʘʪʠʦʥʘ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ ~10ʂ 

ʟʥʘʯʝʥʠʷ ɢmĿʊ ʨʝʟʢʦ ʧʘʜʘʶʪ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʤʝʞʤʦʥʦʤʝʨʥʳʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʡ ʠ/ʠʣʠ ZFS ʜʣʷ ʢʘʪʠʦʥʦʚ ʩ S = 1. ʅʘʧʨʦʪʠʚ, ʜʣʷ ʩʝʣʝʥʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Mo3(CoCl)Se4(dmpe)3Cl3](TCNQ) ʟʥʘʯʝʥʠʝ ɢmĿʊ ʚ ʦʙʣʘʩʪʠ 20-300ʂ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ 

[212], ʘ ʥʠʞʝ ~15ʂ ʧʨʦʷʚʣʷʝʪʩʷ ʩʭʦʞʝʝ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ, ʯʪʦ ʠ ʜʣʷ ʩʫʣʴʬʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʪ-

ʩʫʪʩʪʚʠʝ ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ [Mo3(CoCl)Se4(dmpe)3Cl3](TCNQ) ʧʦʜ-

ʪʚʝʨʜʠʣʠ ʪʘʢʞʝ ʕʇʈ-ʩʧʝʢʪʨʳ ʚ X-ʜʠʘʧʘʟʦʥʝ (ʨʠʩ. 61ʚ). ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʷʜʨʘ {ʄʦ3CoS4}  

ʢ ʙ·ʣʴʰʝʤʫ ʧʦ ʨʘʟʤʝʨʘʤ {ʄʦ3CoSe4} ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ TCNQ
-
 ʤʝʥʷʝʪʩʷ  

ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʥʘ ʩʠʥʛʣʝʪʥʦʝ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʜʣʠʥʝʥʠʝ ʩʚʷʟʝʡ Mo-Mo ʠ Mo-Co, ʘ ʭʘʨʘʢ-

ʪʝʨ HOMO-ʦʨʙʠʪʘʣʠ ʤʝʥʷʝʪʩʷ ʩ (ʉʦ ʠ ʄʦ)-ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʥʘ (ʉʦ ʠ Cl)-ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ˊ*  

ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʪʥʳʤ ˊ-ʜʦʥʠʨʦʚʘʥʠʝʤ ʩ ʣʠʛʘʥʜʘ ʥʘ ʤʝʪʘʣʣ ʚ ʩʣʫʯʘʝ ʩʝʣʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ.  
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ʈʠʩ. 61. ʘ) ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʣʷʨʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʘ [Mo3FeS4(H2O)10]
+
.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʳ ʚ ʚʠʜʝ ʢʨʫʞʢʦʚ ʩ ʪʦʯʢʦʡ, ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ʷʚʣʷʝʪʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ J1/kB = 25K ʠ J2/kB = 75K. ʉʧʝʢʪʨʳ ʕʇʈ ʢʦʤʧʣʝʢʩʦʚ  

ʙ) [Mo3(CoCl)S4(dmpe)3Cl3]
+
 ʠ ʚ) [Mo3(CoCl)Se4(dmpe)3Cl3]

+
 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʢ ʢʦʙʘʣʴʪʫ ʘʪʦʤʘ ʭʣʦʨʘ 

ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʤ ʢʦʤʧʣʝʢʩʝ [Mo3(CoCl)S4(dmpe)3Cl3] (15 ʂʉʕ) ʩʦ ʩʧʠʥʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ S = 1/2 

ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ ʡʦʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢʞʝ ʧʘʨʘʤʘʛʥʠʪʥʦʡ [Mo3(CoI)S4(dmpe)3Cl3]I 

(14 ʂʉʕ, S = 1) ʩʦʣʠ ʩ ʧʦʯʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. ʇʨʠ ʵʪʦʤ ʟʘʤʝʥʘ ʭʣʦʨʘ ʥʘ ʡʦʜ ʥʝ ʦʢʘʟʳ-

ʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ 

{ʄʦ3CoS4}. ʄʝʪʘʪʝʟʠʩ [Mo3(CoI)S4(dmpe)3Cl3]I ʩ ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʜʠʪʠʦʣʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʠ-

ʢʝʣʷ [Ni(mnt)2] ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʙʨʠʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

[Mo3(CoI)S4(dmpe)3Cl3]2[Ni(mnt)2]. ʆʪʩʫʪʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠ-

ʠʤʯʠʚʦʩʪʠ ɢmĿʊ ʜʣʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʜʠʘʧʘʟʦʥʝ 10-300K ʩʦʛʣʘʩʫʝʪʩʷ ʩ S = 1 ʚ ʢʣʘʩʪʝʨʥʦʤ ʢʘ-

ʪʠʦʥʝ [Mo3(CoI)S4(dmpe)3Cl3]
+
. ʅʘʣʠʯʠʝ ʬʨʘʛʤʝʥʪʘ [Ni(mnt)2] ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʘʨʘʤʘʛʥʝʪʠʟʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʤʫʪʘʮʠʷ ʘʥʠʦʥʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʘʤʘʛʥʠʪʥʦʛʦ ʜʠʘʥʠʦʥʘ [Ni(mnt)2]
2-
,  

ʘ ʧʦʣʫʯʝʥʥʘʷ ʛʠʙʨʠʜʥʘʷ ʩʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ {[Mo3(CoI)S4(dmpe)3Cl3]
+
} 2{[Ni(mnt) 2]}

2-
 

[211]. 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʘ [Mo3S4FeCl(dmpe)3Cl3] (15 ʂʉʕ) ʠ ʝʛʦ ʩʤʝ-

ʩʠ ʩ [Mo3S4FeCl(dmpe)3Cl3]PF6 (14 ʂʉʕ) (ʨʠʩ. 62, ʯʠʩʪʳʡ ʢʦʤʧʣʝʢʩ [Mo3S4FeCl(dmpe)3Cl3]PF6 ʥʝ 

ʙʳʣ ʧʦʣʫʯʝʥ), ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4FeCN(dmpe)3Cl3], [Mo3S4FeN3(dmpe)3Cl3]  

ʠ [Mo3S4FeSPh(dmpe)3Cl3] [206]. ʇʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ɢMĿT ʜʣʷ 

[Mo3S4FeCl(dmpe)3Cl3] ʨʘʚʥʦ ʧʨʠʤʝʨʥʦ 1.15 ʩʤ
3
ĿK/ʤʦʣʴ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʨʠʧʣʝʪʥʳʤ ʦʩʥʦʚʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ (S = 1). ʕʪʦ ʟʥʘʯʝʥʠʝ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʦʩʪʠʛʘʷ 

ʟʥʘʯʝʥʠʷ 1.02 ʧʨʠ 7 ʂ, ʘ ʥʠʞʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʝʥʠʝ ɢMĿT ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʨʝʟʢʦ (0.94 

ʧʨʠ 2 ʂ). ʇʦʜʦʙʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʨʠʧʣʝʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ. ʂʦʤʧʣʝʢʩʳ ʩ ʜʨʫʛʠʤʠ ʣʠ-

ʛʘʥʜʘʤʠ ʧʨʠ ʘʪʦʤʝ ʞʝʣʝʟʘ ʚʝʜʫʪ ʩʝʙʷ ʘʥʘʣʦʛʠʯʥʦ. ʄʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʨʝʜʦʢʩ ʧʘʨʳ 

{Mo 3S4Fe}
4+

/
5+

 - ʩʤʝʩʠ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4FeCl(dmpe)3Cl3] ʠ [Mo3S4FeCl(dmpe)3Cl3]PF6 ʜʝʤʦʥ-
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ʩʪʨʠʨʫʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ɢMĿT~ʊ ʩ ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ɢMĿT, ʯʪʦ ʦʞʠʜʘʝʤʦ 

ʜʣʷ ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ S = 1 ʠ S = 1/2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʈʠʩ. 62. ʉʣʝʚʘ: ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʫʢʪʘ ɢMĿT ʜʣʷ ʢʦʤʧʣʝʢʩʘ 1 [Mo3S4FeCl(dmpe)3Cl3] ʠ ʝʛʦ ʩʤʝʩʠ 

 ʩ [Mo3S4FeCl(dmpe)3Cl3]PF6 [1]PF6. ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʭ 

ʟʥʘʯʝʥʠʡ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʉʧʨʘʚʘ: ʕʇʈ ʩʧʝʢʪʨ ʚ ʍ-ʜʠʘʧʘʟʦʥʝ  

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 1 ʠ ʩʤʝʩʠ 1/[1]PF6 ʧʨʠ 4.5 ʂ 

 

ʉʧʠʥ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʤʧʣʝʢʩʦʚ {Mo3S4Fe}
4+

/
5+

 ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʕʇʈ ʩʧʝʢ-

ʪʨʘʤʠ ʚ ʍ-ʜʠʘʧʘʟʦʥʝ. ʉʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4Feʍ(dmpe)3Cl3] (X = Cl, SCN, N3 ʠ SPh) ʜʦʢʘ-

ʟʳʚʘʶʪ S = 1. ʉʧʝʢʪʨ ʩʤʝʩʠ [Mo3S4FeCl(dmpe)3Cl3] ʠ [Mo3S4FeCl(dmpe)3Cl3]PF6 ʩʭʦʞ ʩʦ ʩʧʝʢ-

ʪʨʦʤ ʯʠʩʪʦʛʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʩʠʛʥʘʣʘ 

ʩ ʮʝʥʪʨʦʤ g = 2.06 ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʢʦʤʧʣʝʢʩʘ [Mo3S4FeCl(dmpe)3Cl3]PF6 ʩ S = 1/2 [206]. 

 

1. 3. ɻʠʙʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ 

1. 3. 1. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʣʘʥʪʘʥʦʠʜʘʤʠ ʠ 

ʘʢʪʠʥʦʠʜʘʤʠ 

ʊʨʝʫʛʦʣʴʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ {M3S7} ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 2D ʠ/ʠʣʠ 3D ʢʘʨʢʘʩʦʚ. ʂ ʧʨʠʤʝʨʫ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ 

[W3S7(ʉ2ʆ4)3]
2-

 ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ Th
4+

 [213]. ɸʪʦʤʳ 

ʚʦʣʴʬʨʘʤʘ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {W3S7} ʙʠʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʦʢʩʘʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ,  

ʫ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʜʚʘ ʚʘʢʘʥʪʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʝʩʪʘ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʤʦʩʪʠʢʦʚ ʠ ʩʦʟʜʘʥʠʷ ʨʘʩʰʠʨʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ʃʠʛʘʥʜʳ S2 ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ {W3S7} 

ʫʯʘʩʪʚʫʶʪ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʥʝʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ 

ʫʧʘʢʦʚʢʫ. ʉʦʝʜʠʥʝʥʠʷ {[Ln(H2O)6]3[W3S7(C2O4)3]4}BrĿxH2O, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 
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[W3S7(ʉ2ʆ4)3]
2-

 ʩ La
3+

 ʠ ʉʝ
3+

 ʚ ʚʦʜʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠʤʝʶʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ  

ʩ ʙʦʣʴʰʠʤʠ (ʦʢʦʣʦ 1.8 ʥʤ) ʩʦʪʦʦʙʨʘʟʥʳʤʠ ʧʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʝʥʳ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ  

ʠ ʠʦʥʘʤʠ ʣʘʥʪʘʥʠʜʦʚ, ʚ {[Ln(H2O)6]3[W3S7(C2O4)3]4}BrĿxH2O (ʨʠʩ. 63ʘ). ʈʝʘʢʮʠʠ ʩ ʠʦʥʘʤʠ 

ʤʝʥʴʰʝʛʦ ʨʘʜʠʫʩʘ Pr
3+

, Nd
3+

, Sm
3+

, Eu
3+

 ʠ Gd
3+

 ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʩʢʨʝʪʥʳʭ ʥʘʥʦʨʘʟ-

ʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [(W3S7(C2O4)3Ln(H2O)5)2(ɛ-C2O4)] (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʘʤʳʤʠ ʦʪʜʘʣʝʥʥʳʤʠ 

ʯʘʩʪʷʤʠ ʤʦʣʝʢʫʣʳ ʦʢʦʣʦ 3.2 ʥʤ), ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ S2ĿĿĿBr
-
, ʦʙʨʘʟʫʷ ʩʦʝʜʠʥʝʥʠʷ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ 

K[(W 3S7(C2O4)3Ln(H2O)5)2(ɛ-C2O4)]BrĿxH2O. Th
4+

 ʦʙʨʘʟʫʝʪ ʥʘʥʦʨʘʟʤʝʨʥʳʡ ʜʠʩʢʨʝʪʥʳʡ 

K2[(W3S7(C2O4)3)4Th2(OH)2(H2O)10]Ŀ14.33H2O (ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʘʤʳʤʠ ʦʪʜʘʣʝʥʥʳʤʠ ʯʘʩʪʷʤʠ 

ʤʦʣʝʢʫʣʳ ʦʢʦʣʦ 2.7 ʥʤ), ʚ ʢʦʪʦʨʦʤ ʜʚʘ ʘʪʦʤʘ ʪʦʨʠʷ ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʜʚʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ  

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʨʘʛʤʝʥʪʘ Th2(OH)2
6+
, ʠ ʢʘʞʜʳʡ Th ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʝʪ ʧʷʪʴ ʤʦʣʝʢʫʣ 

ʚʦʜʳ ʠ ʜʚʘ ʤʦʥʦʜʝʥʪʘʪʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʣʠʛʘʥʜʘ [W3S7(C2O4)]
2-
. ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠ-

ʠʤʯʠʚʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2-300 K ʧʦʢʘʟʳʚʘʶʪ ʩʣʘʙʳʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʜʚʫʭ ʣʘʥʪʘʥʠʜʦʚ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ Pr
3+

, Nd
3+

 ʠ Gd
3+

. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [Mo3S4(Hnta)3]
2-

 (Hnta = ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʥʠʪʨʠʣʦʪʨʠʫʢ-

ʩʫʩʥʘʷ ʢʠʩʣʦʪʘ) ʩ LaCl3 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʣʫʯʝʥʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ 

La0.75Cl0.25[Mo3S4(Hnta)3]Ŀ18H2O, ʠʤʝʶʱʝʝ ʩʣʦʠʩʪʦʝ ʩʪʨʦʝʥʠʝ [214]. ɸʩʠʤʤʝʪʨʠʯʥʳʡ ʙʣʦʢ ʩʦ-

ʜʝʨʞʠʪ ʯʝʪʳʨʝ ʥʝʟʘʚʠʩʠʤʳʭ ʘʥʠʦʥʘ [Mo3S4(Hnta)3]
2-
, ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ 

ʢʘʨʙʦʥʠʣʴʥʳʤʠ ʢʠʩʣʦʨʦʜʘʤʠ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʛʨʫʧʧ ʣʠʛʘʥʜʘ ʩ ʢʘʪʠʦʥʘʤʠ La
3+

 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʚʫʤʝʨʥʦʛʦ ʢʘʨʢʘʩʘ. ʉʪʝʢʠʥʛ ʜʚʫʤʝʨʥʳʭ ʩʣʦʝʚ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 3D-ʢʘʨʢʘʩʘ ʯʝʨʝʟ ʚʦʜʦ-

ʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ Hnta. 

ʇʦʣʫʯʝʥʥʘʷ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʩʝʪʴ (ʨʠʩ. 63ʙ) ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʠʝ ʢʘʥʘʣʳ (ʦʢʦʣʦ 12 ¡ ʚ ʜʠʘʤʝʪʨʝ), 

ʟʘʧʦʣʥʝʥʥʳʝ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʘʥʠʦʥʘʤʠ [Mo3S4(Hnta)3]
2-
, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʛʦʩʪʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 
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ʈʠʩ. 63. ʘ) ʇʨʦʝʢʮʠʷ ʩʪʨʫʢʪʫʨʳ {[Ln(H2O)6]3[W3S7(C2O4)3]4}BrĿxH2O ʚʜʦʣʴ ʩhex. ɼʠʘʤʝʪʨ ʨʘʩʰʠʨʝʥʥʳʭ ʧʦʨ  

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 9 ¡. ʙ) ʉʪʨʫʢʪʫʨʥʳʝ ʙʣʦʢʠ ʢʦʤʧʣʝʢʩʘ La0.75Cl0.25[Mo3S4(Hnta)3]Ŀ18H2O. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ  

ʛʦʩʪʴ-ʭʦʟʷʠʥ ʤʝʞʜʫ [Mo3S4(Hnta)3]
2-
 ʠ ʢʘʪʠʦʥʘʤʠ La

3+
 (ʩʚʝʨʭʫ) ʠ ʚʠʜ ʦʜʥʦʛʦ ʩʣʦʷ ʚ ʧʣʦʩʢʦʩʪʠ a,b,  

ʜʝʤʦʥʩʪʨʠʨʫʶɦ ʠʡ ʥʘʣʠʯʠʝ ʰʝʩʪʠʫʛʦʣʴʥʳʭ ʧʦʣʦʩʪʝʡ (ʩʥʠʟʫ) 

 

ɺ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʪʝʭ ʞʝ ʨʝʘʛʝʥʪʦʚ ʙʳʣ ʚʳʜʝʣʝʥ ʧʨʦʜʫʢʪ ʜʨʫʛʦʛʦ ʩʦʩʪʘʚʘ 

La2Cl[Mo3S4(nta)3]Ŀ17H2O (nta ï ʥʠʪʨʠʣʦʪʨʠʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ) (ʨʠʩ. 64, [215]). ʆʜʥʘʢʦ ʚ ʩʪʨʫʢ-

ʪʫʨʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʥʘʣʳ ʠ ʧʦʣʦʩʪʠ.  

ʈʠʩ. 64. ɺʠʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʘ La2Cl[Mo3S4(nta)3]Ŀ17H2O ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʝʡ ʘ,ʩ (ʘ) ʠ b,c (ʙ),  

ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ [Mo3S4(nta)3]
5-
 ʠ ʠʦʥʦʚ La(III). ʉʝʨʳʝ ʧʦʣʠʵʜʨʳ ð Mo,  

ʟʝʣʝʥʳʝ ð Cl, ʬʠʦʣʝʪʦʚʳʝ ð La 

 

 

 


