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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ɼʄʌɸ ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ 

ʂCʕ ï ʢʣʘʩʪʝʨʥʳʝ ʩʢʝʣʝʪʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʄɸ ï ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ 

ʄʆ ï ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ 

ʅɺʕ ï ʥʦʨʤʘʣʴʥʳʡ (ʩʪʘʥʜʘʨʪʥʳʡ) ʚʦʜʦʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ 

ʅʃʆ ï ʥʝʣʠʥʝʡʥʘʷ ʦʧʪʠʢʘ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʈʌʕʉ ï ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊɻʌ ï ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ ʉ4H8O 

ʊʕʆʉ ï ʪʝʪʨʘʵʪʠʣʦʨʪʦʩʠʣʠʢʘʪ 

ʎɺɸ ï ʮʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ 

ʕɼʉ ï ɻʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʕʉʇ ï ɻʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ 

 

acac ï ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ C5H7O2
ī
 

adc ï ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

ASM ï ʤʦʜʝʣʴ ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

bdt ï 1,2-ʙʝʥʟʦʜʠʪʠʦʣʘʪ 

BET ï ʤʦʜʝʣʴ ɹʨʫʥʘʫʵʨʘ-ʕʤʤʝʪʘ-ʊʝʣʣʝʨʘ 

bphen - 4,7-ʜʠʬʝʥʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

bpy ï 2,2ô-ʙʠʧʠʨʠʜʠʥ C10H8N2 

btd ï 2-ʙʫʪʠʥ-1,4-ʜʠʦʣ 

BEST ï ʙʠʩ(ʵʪʠʣʝʥʜʠʩʝʣʝʥʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

BEDT ï ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

CB[6] ʢʫʢʫʨʙʠʪ[6]ʫʨʠʣ C36H36N24O12 

(C3H5)2cat ï 3,6-ʜʠʘʣʣʠʣʢʘʪʝʭʦʣʘʪ 

CID ï ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʩʪʦʣʢʥʦʚʝʥʠʝʤ ʜʠʩʩʦʮʠʘʮʠʷ, Collision-Induced Dissociation 

COD ï 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ C8H12 

COE ï ʮʠʢʣʦʦʢʪʝʥ, C8H14 

COSY ï ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

Cp ï ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʜ ʉ5H5
ī
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Cp* ï ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʜ ʉ5Me5
ī
 

Cp' ï ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʜ C5H4Me
ī
 

Cys ï ʮʠʩʪʝʠʥ 

dba ï ʜʠʙʝʥʟʠʣʠʜʝʥʘʮʝʪʦʥ 

dbbpy ï 4,4ô-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-2,2ô-ʙʠʧʠʨʠʜʠʥ ʉ18H24N2 

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 ïʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʘʮʝʪʠʣʝʥʜʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

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

dcbpy ï 2,2ô-ʙʠʧʠʨʠʜʠʥ-4,4ô-ʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ C12H8N2O4 

dcmbpy ï4,4ô-ʜʠʤʝʪʦʢʩʠʢʘʨʙʦʥʠʣ-2,2ô-ʙʠʧʠʨʠʜʠʥʦʤ 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 C3S5
2ï

 

Dmp ï 2,6-(ʤʝʟʠʪʠʣ)2C6H3 

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

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

DOSY ï ʜʠʬʬʫʟʠʦʥʥʦ-ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

dpe ï 1,2-ʜʠʬʦʩʬʠʥʦʵʪʘʥ; 

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

dppp ï 1,3-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʨʦʧʘʥ 

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

dtc ï N,Nô-ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ, Et2NCS2
-
  

dtp ï ʜʠʵʪʠʣʜʠʪʠʦʬʦʩʬʘʪ, (EtO)2PS2
-
 

edpp ï (2-ʘʤʠʥʦʵʪʠʣ)ʜʠʬʝʥʠʣʬʦʩʬʠʥ 

ELF ï ʬʫʥʢʮʠʷ ʣʦʢʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ep ï ɻʪʠʣʧʨʦʧʠʦʣʘʪ 

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

ET ï ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

Fc ï ʬʝʨʨʦʮʝʥ, Cp2Fe 

FMO  ï ʛʨʘʥʠʯʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ 

FTO ï ʦʢʩʠʜ ʦʣʦʚʘ, ʜʦʧʠʨʦʚʘʥʥʳʡ ʬʪʦʨʦʤ 

HDS ï ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ 

HDF ï ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠe 
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HDN ï ʛʠʜʨʦʜʝʘʟʦʪʠʨʦʚʘʥʠʝ 

HDO ï ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʷ 

HDM ï ʛʠʜʨʦʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʝ 

HER ï ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ 

ʅʄɺʉ ï ʛʝʪʝʨʦʷʜʝʨʥʘʷ ʤʥʦʛʦʩʚʷʟʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

H3nta ï ʥʠʪʨʠʣʦʪʨʠʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ 

HOMO ï ʚʳʩʰʘʷ ʟʘʥʷʪʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

Hpts ï ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

HSQC ï ʛʝʪʝʨʦʷʜʝʨʥʘʷ ʦʜʥʦʢʚʘʥʪʦʚʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ILCT  ï ʚʥʫʪʨʠʣʠʛʘʜʥʳʡ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ 

IPDOP ï 1H-ʠʤʠʜʘʟʦ[4,5-f][1,10]-ʬʝʥʘʥʪʨʦʣʠʥ-2-[3,4-ʙʠʩ(ʜʦʜʝʮʠʣʦʢʩʠ)ʬʝʥʠʣ] 

IRC ï ʚʥʫʪʨʝʥʥʷʷ ʢʦʦʨʜʠʥʘʪʘ ʨʝʘʢʮʠʠ 

LLôCT ï ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʩ ʣʠʛʘʥʜʘ ʥʘ ʣʠʛʘʥʜ ʜʨʫʛʦʛʦ ʩʦʨʪʘ 

LMCT  ï ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʩ ʣʠʛʘʥʜʘ ʥʘ ʤʝʪʘʣʣ 

LMO-EDA ï ʘʥʘʣʠʟ ʨʘʟʣʦʞʝʥʠʷ ʵʥʝʨʛʠʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ 

LUMO ï ʥʠʟʰʘʷ ʩʚʦʙʦʜʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʦʨʙʠʪʘʣʴ 

lut ï 2,6-ʣʫʪʠʜʠʥ 

Me2phen ï 5,6-ʜʠʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ C14H12N2 

MLCT  ï ʧʝʨʝʥʦʩ ʟʘʨʷʜ ʩ ʤʝʪʘʣʣʘ ʥʘ ʣʠʛʘʥʜ 

mnt ï ʤʘʣʝʦʥʠʪʨʠʣʜʠʪʠʦʣʘʪ 

MPTES ï (3-ʤʝʨʢʘʧʪʦʧʨʦʧʠʣ)ʪʨʠʵʪʦʢʩʠʩʠʣʘʥ 

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

nor ï ʥʦʨʙʦʨʥʝʥ 

NBO ï ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʚʷʟʝʚʳʝ ʦʨʙʠʪʘʣʠ 

OAc ï ʘʮʝʪʘʪ, CH3COO
-
 

OTs ï ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ 

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

PCy3 ï ʪʨʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥ 

PhA ï ʬʝʥʠʣʘʮʝʪʠʣʝʥ 

F
PhA ï 1-ʵʪʠʥʠʣ-4-ʬʪʦʨʙʝʥʟʦʣ 

CF3
PhA ï 1-ʵʪʠʥʠʣ-3,5-ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)ʙʝʥʟʦʣ 

phen ï 1,10-ʬʝʥʘʥʪʨʦʣʠʥ C12H8N2 

PrA ï ʧʨʦʧʘʨʛʠʣʦʚʳʡ ʩʧʠʨʪ 

PPN ï ʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʠʤʠʥʠʡ 

pts ï ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ 

py ï ʧʠʨʠʜʠʥ, C5H5N 
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py5Me2 ï 2,6-ʙʠʩ(1,1-ʙʠʩ(2-ʧʠʨʠʜʠʣ)ɻ ʪʠʣ)ʧʠʨʠʜʠʥ 

tacn ï 1,4,7-ʪʨʠʘʟʘʮʠʢʣʦʥʦʥʘʥ 

tʩc ï ʪʝʪʨʘʭʣʦʨʦʢʘʪʝʭʦʣʘʪ 

TCNQ ï 7,7,8,8-ʪʝʪʨʘʮʠʘʥʦʭʠʥʦʜʠʤʝʪʘʥ 

tdas ï 1,2,5-ʪʠʘʜʠʘʟʦʣ-3,4-ʜʠʪʠʦʣʘʪ 

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

TD-DFT ï ʪʝʦʨʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʩ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

tfd ï ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)-1,2-ʜʠʪʠʦʣʘʪ 

tmphen ï 3,4,7,8-ʪʝʪʨʘʤʝʪʠʣ-1,10-ʬʝʥʘʥʪʨʦʣʠʥ 

TON ï ʯʠʩʣʦ ʤʦʣʝʡ ʩʫʙʩʪʨʘʪʘ, ʧʨʝʚʨʘʱʝʥʥʳʭ ʦʜʥʠʤ ʤʦʣʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʦ ʝʛʦ ʠʥʘʢʪʠʚʘʮʠʠ 

TOF ï ʯʠʩʣʦ ʤʦʣʝʡ ʩʫʙʩʪʨʘʪʘ, ʧʨʝʚʨʘʱʝʥʥʳʭ ʦʜʥʠʤ ʤʦʣʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʝʢʫʥʜʫ 

Tp ï ʪʨʠʩ(ʧʠʨʘʟʦʣʠʣ)ʛʠʜʨʦʙʦʨʘʪ(1-) 

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

TRISPHAT ï ʪʨʠʩ(ʪʝʪʨʘʭʣʦʨʦʢʘʪʝʭʦʣʘʪ)ʬʦʩʬʦʨʘ(V) 

TS ï ʧʝʨʝʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ 

TTF ï ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

tu ï ʪʠʦʤʦʯʝʚʠʥʘ 

ZFS ï ʨʘʩʱʝʧʣʝʥʠʝ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʍʠʤʠʷ ʪʨʝʫʛʦʣʴʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ ʧʨʘʟʜʥʫʝʪ ʩʚʦʡ 50-ʪʠ ʣʝʪʥʠʡ ʶʙʠʣʝʡ. ɺ 1967 ʛʦʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʅʍ ʉʆ ʈɸʅ 

(ɸ.ɸ. ʆʧʘʣʦʚʩʢʠʡ, ɺ.ɽ. ʌʝʜʦʨʦʚ, ʂ.ɸ. ʍʘʣʜʦʷʥʠʜʠ) ʙʳʣʠ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ 

ʤʦʣʠʙʜʝʥʘ Mo3Q7Cl4 (Q = S, Se) [1], ʜʣʷ ʢʦʪʦʨʳʭ ʧʦʟʜʥʝʝ ʚ 1974 ʛʦʜʫ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʢʣʘʩʪʝʨʥʫʶ ʧʨʠʨʦʜʫ ʠ 

ʩʦʜʝʨʞʘʪ ʪʨʝʫʛʦʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ {Mo3Q7}, ʩʚʷʟʘʥʥʳʝ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ 

ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ [2]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʨʤʠʥ çʢʣʘʩʪʝʨè ʧʦʷʚʠʣʩʷ ʚʩʝʛʦ ʣʠʰʴ ʪʨʝʤʷ 

ʛʦʜʘʤʠ ʨʘʥʴʰʝ ʚ 1964 ʛʦʜʫ ʠ ʙʳʣ ʚʚʝʜʝʥ ʂʦʪʪʦʥʦʤ, ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ ʠʟ ʦʛʨʦʤʥʦʛʦ ʧʣʘʩʪʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʝ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʩʚʷʟʠ ʤʝʪʘʣʣïʤʝʪʘʣʣ. ɺ ʩʠʣʫ ʩʚʦʝʡ 

ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʘʩʪʝʨʥʳʝ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʦʩʪʘʚʘʣʠʩʴ ʙʝʟ ʚʥʠʤʘʥʠʷ. ʊʦʣʴʢʦ ʚ ʢʦʥʮʝ 1980-ʭ ʛʦʜʦʚ, ʢʦʛʜʘ ʙʳʣʠ ʥʘʡʜʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ 

ʩʧʦʩʦʙʳ ʠʭ ʧʝʨʝʚʦʜʘ ʚ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʦʩʪʨʦʚʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʥʘʯʘʣʦʩʴ ʙʫʨʥʦʝ 

ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʭʠʤʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʀʅʍ ʉʆ ʈɸʅ (ʜ.ʭ.ʥ. ɺ.ʇ. ʌʝʜʠʥ, ʜ.ʭ.ʥ. ʆ.ɸ. ɻʝʨʘʩʴʢʦ, 

ʜ.ʭ.ʥ. ʖ.ɺ. ʄʠʨʦʥʦʚ, ʜ.ʭ.ʥ. ʄ.ʅ. ʉʦʢʦʣʦʚ). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʨʝʭʲʷʜʝʨʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩʦʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʝʝ ʦʙʰʠʨʥʦʝ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʦʝ ʩʝʤʝʡʩʪʚʦ 

ʵʣʝʢʪʨʦʥʦ-ʠʟʙʳʪʦʯʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʘʥʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [3-6]. ɿʘ 

ʧʦʩʣʝʜʥʶʶ ʯʝʪʚʝʨʪʴ ʚʝʢʘ ʜʦʩʪʠʛʥʫʪ ʙʦʣʴʰʦʡ ʧʨʦʛʨʝʩʩ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʝʡ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʣʠʛʘʥʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ) ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. ʄʥʦʛʠʝ ʩʪʘʪʴʠ ʧʦ ʵʪʦʡ ʪʝʤʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʳʩʦʢʦʨʝʡʪʠʥʛʦʚʳʭ ʞʫʨʥʘʣʘʭ [5, 7-23]. ʂ 

ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ, ʥʝʣʠʥʝʡʥʦ-

ʦʧʪʠʯʝʩʢʠʝ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʠ ʚ 

ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʅʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ (2008 ʛ.) ʚ ʵʪʦʡ ʫʞʝ ʪʦʛʜʘ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ ʩʫʱʝʩʪʚʦʚʘʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʝʣʳ, ʥʘ ʟʘʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʠ 

ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʫʩʠʣʠʷ ʩʦʠʩʢʘʪʝʣʷ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʦ 2008 ʛʦʜʘ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʥʝʨʝʰʝʥʥʳʝ ʧʨʦʙʣʝʤʳ. 

ï ʇʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʜʘʥʥʳʝ ʦ ʧʦʣʫʯʝʥʠʠ ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʪʨʝʫʛʦʣʴʥʳʭ 

ʢʣʘʩʪʝʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʥʘʡʜʝʥʳ ʧʦʜʭʦʜʳ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ 

ʘʪʦʤʦʚ ʩʝʨʳ ʚ ʩʫʣʴʬʠʜʥʳʭ ʢʣʘʩʪʝʨʘʭ { M3(m3-S)(m2-SaxSeq)3}  ʥʘ ʘʪʦʤʳ ʩʝʣʝʥʘ. ɺ ʨʘʤʢʘʭ 

ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ɸ.ʃ. ɻʫʱʠʥʘ (çʉʠʥʪʝʟ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʳʭ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʥʪʘʣʘ, ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘè, 2007ʛ.) ʫʜʘʣʦʩʴ 

ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʚʳʜʝʣʠʪʴ ʨʷʜ ʨʝʜʢʠʭ ʩʝʣʝʥʦʪʝʣʣʫʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ 



10 

 

ʯʘʩʪʥʦʩʪʠ, K3{[ W3(m3-Te)(m2-SeTe)3(CN)6]Br}, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʤʝʨʦʤ 

ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠ ̫ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ TeSe
2-
. ʅʝʩʤʦʪʨʷ ʥʘ 

ʵʪʦ, ʦʩʪʘʚʘʣʠʩʴ ʦʪʢʨʳʪʳʤʠ ʨʷʜ ʚʦʧʨʦʩʦʚ. ʕʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʛʦ ʚʚʝʜʝʥʠʷ 

ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʚ m3-ʤʦʩʪʠʢʦʚʫʶ ʧʦʟʠʮʠʶ, ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʪʝʣʣʫʨʘ ʚ ʪʝʣʣʫʨʠʜʥʳʭ 

ʢʣʘʩʪʝʨʘʭ { M3Te7} ʥʘ ʩʝʨʫ ʠʣʠ ʩʝʣʝʥ, ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʦʤ TeS
2-

 ʠ ʜʨʫʛʠʝ. 

ï ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʫʥʠʢʘʣʴʥʳʝ ʵʣʝʢʪʨʦʥʦʧʨʦʚʦʜʷʱʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʠʪʠʦʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ { Mo3S7}, ʚ ʢʦʪʦʨʳʭ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʥʝʚʘʣʝʥʪʥʳʝ ʢʦʥʪʘʢʪʳ 

SéS. ʇʨʠ ʵʪʦʤ ʩʝʣʝʥʠʜʥʳʝ ʠ ʩʝʣʝʥʦʩʫʣʴʬʠʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʥʝ ʠʟʫʯʘʣʠʩʴ, ʭʦʪʷ ʙʦʣʴʰʘʷ 

ʩʢʣʦʥʥʦʩʪʴ ʩʝʣʝʥʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʥʪʘʢʪʦʚ QéQ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʚ ʵʪʠʭ ʢʣʘʩʪʝʨʘʭ ʤʦʛʣʘ 

ʙʳ ʧʨʠʚʝʩʪʠ ʢ ʥʦʚʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠ ʨʘʟʣʠʯʠʷʤ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ï ʄʥʦʛʦʦʙʨʘʟʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ, ʧʨʦʷʚʣʷʶʱʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ, ʤʘʛʥʠʪʥʳʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʣʦ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʣʠʛʘʥʜʘʤʠ ʪʠʧʘ 2,2ô-

ʙʠʧʠʨʠʜʠʥʘ ʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. ʋʯʠʪʳʚʘʷ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʚʘʞʥʦʩʪʴ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ 

ʵʪʠʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʤʦʞʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ, ʯʪʦ 

ʢʦʦʨʜʠʥʘʮʠʷ ʠʭ ʢ ʪʨʝʫʛʦʣʴʥʳʤ ʢʣʘʩʪʝʨʘʤ ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ. 

ï ɹʳʣ ʧʨʦʜʝʤʦʥʩʪʠʨʦʚʘʥ ʰʠʨʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚ ʢʘʪʘʣʠʟʝ, ʭʦʪʷ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʢʘʩʘʣʦʩʴ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʠʩʫʪʩʪʚʠʝʤ ʛʝʪʝʨʦʤʝʪʘʣʣʘ (ʥʠʢʝʣʷ, ʧʘʣʣʘʜʠʷ ʠʣʠ ʤʝʜʠ). 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ { M3Q4}  ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

ɼʘʥʥʳʝ ʦ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ ʠ ʨʝʘʢʮʠʷʭ ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 

ï ɹʳʣʘ ʧʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ 

(ʅʃʆ) ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ 

p-ʜʦʥʦʨʥʳʝ ʠ/ʠʣʠ p-ʘʢʮʝʧʪʦʨʥʳʝ ʣʠʛʘʥʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʫʣʫʯʰʠʪʴ ʅʃʆ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʥʝ ʠʟʫʯʘʣʠʩʴ. ʆʪʩʫʪʩʪʚʦʚʘʣʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚʘʭ. 

ï ʇʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʡ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ ʩ ʫʯʘʩʪʠʝʤ ʘʢʚʘ- ʠ 

ʜʠʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʦʤʧʣʝʢʩʳ ʩ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʪʠʧʳ 

ʧʨʝʚʨʘʱʝʥʠʡ ʟʘʪʨʘʛʠʚʘʣʠʩʴ ʣʠʰʴ ʬʨʘʛʤʝʥʪʘʨʥʦ. ʈʝʘʢʮʠʠ ʪʨʝʫʛʦʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʘʣʢʠʥʘʤʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʦʜʥʦʡ ʠʣʠ ʜʚʫʭ ʤʦʣʝʢʫʣ ʘʣʢʠʥʘ, ʠʟʚʝʩʪʥʳ ʩ ʥʘʯʘʣʘ 

1990-ʭ, ʥʦ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʪʨʝʫʛʦʣʴʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʠʭ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ (ʚʚʝʜʝʥʠʝ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ ʠʣʠ 
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ʢʦʦʨʜʠʥʘʮʠʷ ʠʦʥʦʚ Cu
+
 ʢ m2-ʤʦʩʪʠʢʦʚʳʤ ʘʪʦʤʘʤ ʩʝʨʳ) ʠ ʚʥʝʰʥʝʛʦ ʦʢʨʫʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʦʨʜʠʥʘʮʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʜʠʠʤʠʥʦʚ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʣʠʛʘʥʜʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ 

ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʦʠʩʢ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ 

ʠ ʚʦʣʴʬʨʘʤʘ, ʚʢʣʶʯʘʷ ʪʝʣʣʫʨʩʦʜʝʨʞʘʱʠʝ, ʠ ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʠʤʠʥʘʤʠ ʠ 

ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ; 

- ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ, ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ, 

ʤʘʛʥʠʪʥʳʭ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ, ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ; 

- ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ ʩ ʧʦʤʦʱʴʶ 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʧʦʪʦʢʘ) ʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ ʟʘʥʠʤʘʶʪ 

ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʟʠʮʠʠ. ʆʜʠʥ ʠʟ ʥʠʭ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʘʤʦʩʙʦʨʢʠ ʠʟ 

ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʭʘʣʴʢʦʛʝʥʦʚ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʩʦʙʠʨʘʝʪʩʷ 

ʚʦʢʨʫʛ ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʘʪʦʤʘ, ʢʦʪʦʨʳʡ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʥʠʤʘʝʪ ʧʦʟʠʮʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʚʷʟʘʥʥʦʩʪʠ (ɛ3 ʠʣʠ ɛ4). ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʢʮʠʷʭ ʦʙʤʝʥʘ ʭʘʣʴʢʦʛʝʥʘ ʚ ʨʘʩʪʚʦʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʭʣʦʨʜʠʩʫʣʴʬʘʥʘ (S2Cl2) ʠ ʧʦʟʚʦʣʷʝʪ ʚʚʦʜʠʪʴ ʘʪʦʤʳ ʩʝʨʳ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʪʝʣʣʫʨʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ. ɺʧʝʨʚʳʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ { Mo3(m3-S)(m2-Se2)3}
4+

, { Mo3(m3-S)(m2-Se)3}
4+

, { W3(m3-S)(m2-Se)3}
4+

, { Mo3(Õ3-

S)(Õ2-SeaxSeq)3}
4+

, { Mo3(m3-O)0.5(m3-Se)0.5(m2-Te2)3}
4+

 ʠ { Mo3(m3-O)0.5(m3-S)0.5(m2-Te2)3}
4+

, {W3(m3-

Te)(Õ2-TeaxSeq)3}
4+

. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʈʉɸ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ 

TeS
2-

. 

ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʳ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʥʦʚʦʛʦ ʩʝʤʝʡʩʪʚʘ ʛʝʪʝʨʦ- ʠ 

ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʥʘ ʦʩʥʦʚʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʜʠʠʤʠʥʦʚ. 

ʊʘʢʞʝ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʦʜʥʦʚʨʝʤʝʥʥʦ p-

ʘʢʮʝʧʪʦʨʥʳʝ ʜʠʠʤʠʥʳ ʠ p-ʜʦʥʦʨʥʳʝ ʜʠʪʠʦʣʘʪʳ. ʅʘʡʜʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʤ 

ʢʦʤʧʣʝʢʩʘʤ { Mo3S7} ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ ʧʦʣʫʯʝʥʠʝ ʜʨʫʛʠʭ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʣʘʙʠʣʴʥʳʝ ʢ ʟʘʤʝʱʝʥʠʶ ʢʦʤʧʣʝʢʩʳ { M3S4}  ʩ ʪʠʦʤʦʯʝʚʠʥʦʡ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʦʩʪʫʧʥʳʝ ʠ ʫʜʦʙʥʳʝ ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ 

ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʵʪʠʭ ʢʣʘʩʪʝʨʦʚ. 

ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʝʛʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʨʝʜʦʢʩ-

ʧʦʚʝʜʝʥʠʝʤ ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ {M3Se7} ʠ {M3S4}. ʅʘʡʜʝʥʦ, ʯʪʦ ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʩʧʦʩʦʙʥʳ 

ʢ ʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦ-, ʜʚʫʭ- ʠʣʠ ʪʨʝʭʲʵʣʝʢʪʨʦʥʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠ ʫʤʝʨʝʥʥʳʭ 
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ʧʦʪʝʥʮʠʘʣʘʭ, ʢʦʪʦʨʦʝ ʮʝʥʪʨʠʨʦʚʘʥʦ ʢʘʢ ʥʘ ʤʝʪʘʣʣʝ, ʪʘʢ ʠ ʣʠʛʘʥʜʝ (ʜʠʠʤʠʥ). 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʩ ʠʤʠʜʘʟʦʬʝʥʘʥʪʨʦʣʠʥʦʚʳʤʠ ʠ ʜʠʧʠʨʠʜʠʥʦ-ʜʠʪʠʦʣʝʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʂʦʦʨʜʠʥʘʮʠʷ ʠʤʠʜʘʟʦʬʝʥʘʥʪʨʦʣʠʥʘ ʢ ʢʣʘʩʪʝʨʫ {Mo3S7} ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʠʠʤʠʥʦʚʳʭ ʠ ʜʠʠʤʠʥʦ-

ʜʠʪʠʦʣʘʪʥʳʭ ʙʠ- ʠ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʛʦ ʚʳʷʚʣʝʥʳ 

ʥʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʠʪʝʣʠ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʦʚ { Mo3S7} . ʆʧʨʝʜʝʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʩʚʦʡʩʪʚʘ ʦʧʪʠʯʝʩʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʥʫʢʣʝʘʨʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʝ ʜʠʪʠʦʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʵʣʝʢʪʨʦʜʦʥʦʨʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʙʠʧʠʨʠʜʠʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʨʘʩʪʘʥʠʶ ʵʪʠʭ ʩʚʦʡʩʪʚ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ TiO2 ʩ ʧʦʤʦʱʴʶ 

ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ { Mo3S7}. ʆʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʬʦʪʦ- ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʘ, 

ʩʨʘʚʥʠʤʘʷ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ ʦʩʥʦʚʝ ʜʠʩʫʣʴʬʠʜʘ ʤʦʣʠʙʜʝʥʘ. 

ʅʘʡʜʝʥʘ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ { Mo3S4}  ʚ ʨʝʘʢʮʠʷʭ ʧʨʷʤʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʘʨʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʜʨʫʛʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ (ʦʣʝʬʠʥʦʚʳʝ, ʢʝʪʦʥʥʳʝ, 

ʩʫʣʴʬʦʥʘʤʠʜʥʳʝ, ʮʠʘʥʠʜʥʳʝ, ʵʬʠʨʥʳʝ, ʘʤʠʜʥʳʝ ʠ ʜʨ.), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʤʘʣʦʜʦʩʪʫʧʥʳʝ ʠ ʚʘʞʥʳʝ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʝ ʘʥʠʣʠʥʘ. 

ʅʘʡʜʝʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʪʦʤʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʩ ʫʯʘʩʪʠʝʤ ʜʠʬʦʩʬʠʥʦʚʳʭ ʠ ʜʠʘʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

{ Mo3S4} (ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ) ʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʩʠʣʘʥʦʚ (ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ). 

ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʡ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʘʩʪʚʦʨʘʭ ʜʠʪʠʦʬʦʩʬʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ { Mʦ3S4} . 

ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʳ ʘʣʢʠʥʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʝʫʛʦʣʴʥʳʭ 

ʢʣʘʩʪʝʨʦʚ { M3S4} ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʢʠʥʘʤ. ʇʦʣʫʯʝʥʳ ʫʥʠʢʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʢʠʥʝʪʠʢʝ ʠ 

ʤʝʭʘʥʠʟʤʘʭ ʵʪʠʭ ʨʝʘʢʮʠʡ. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʚʟʘʠʤʦʧʨʝʚʨʘʱʝʥʠʷ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ [Mo3S4Cl3(dbbpy)3]
+
 ʠ 

[Mo3S4(CuCl)Cl3(dbbpy)3]
+
 (dbbpy = 4,4ô-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-2,2ô-ʙʠʧʠʨʠʜʠʥ) ʠ ʧʨʦʚʝʜʝʥʦ 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʡʜʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ ʘʥʠʦʥʥʳʭ 

ʣʠʛʘʥʜʦʚ (F
-
, Cl

-
, Br

-
, I

-
, NCS

-
) ʧʨʦʠʩʭʦʜʠʪ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʬʨʘʛʤʝʥʪʘ CuCl ʦʪ ʢʦʤʧʣʝʢʩʘ 

[Mo3S4(CuCl)Cl3(dbbpy)3]
+
 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [Mo3S4Cl3(dbbpy)3]

+
. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ 
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ʜʝʤʝʪʘʣʣʠʨʦʚʘʥʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʣʦʞʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ ʫʯʘʩʪʠʝʤ ʚʥʝʰʥʝʩʬʝʨʥʦʛʦ ʘʥʠʦʥʘ 

[CuCl2]
-
. 

ʄʝʪʦʜʦʣʦʛʠʷ ʨʘʙʦʪʳ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ 

ʪʨʝʫʛʦʣʴʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʆʩʥʦʚʥʦʡ 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 ʜʦʩʪʦʚʝʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʈʉɸ, 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ (ʈʌɸ) ʠ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟʳ (CHN), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ), 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ (ʕʉʇ), 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ ʥʘ ʷʜʨʘʭ 
1
H, 

13
C, 

19
F, 
31
P, 
77
Se, 

125
Te, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʦʥʠʟʘʮʠʝʡ 

ʨʘʩʧʳʣʝʥʠʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ (ESI-MS). ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ 

ʤʝʭʘʥʠʟʤʦʚ ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʝʢʪʨʦʚ ʗʄʈ ʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT 

ʠʣʠ TD-DFT). ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʎɺɸ). ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʦʧʨʦʚʦʜʷʱʠʭ, ʤʘʛʥʠʪʥʳʭ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ 

ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʦʪʨʫʥʠʯʝʩʪʚʝ ʩ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ɺʘʣʝʥʩʠʠ 

(ʀʩʧʘʥʠʷ), ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʍʦʢʢʘʡʜʦ (ʗʧʦʥʠʷ) ʠ ʅʘʮʠʦʥʘʣʴʥʳʤ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ɸʚʩʪʨʘʣʠʠ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʕʉʇ ʠ 

ʤʝʪʦʜʘ ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ 

ʩ ʋʥʠʚʝʨʩʠʪʦʤ ʂʘʜʠʩʘ (ʀʩʧʘʥʠʷ). ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʡ ʧʦʤʠʤʦ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʪʘʢʞʝ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠ ̫(ESI-MS) ʠ 

ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʀʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʭʦʜʠʣʦ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ 

ʩ ʀʂ ʉʆ ʈɸʅ, ʋʥʠʚʝʨʩʠʪʝʪʦʤ ɸʣʠʢʘʥʪʝ (ʀʩʧʘʥʠʷ) ʠ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʂʘʩʪʝʣʴʦʥʘ (ʀʩʧʘʥʠʷ). 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʷ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʤʘʪʝʨʠʘʣʘʭ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ TiO2 ʧʨʠʤʝʥʷʣʘʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ). 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʝʪʦʜʘʭ ʩʠʥʪʝʟʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ, 

ʵʣʝʢʪʨʦʥʥʦʤ ʩʪʨʦʝʥʠʠ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ, ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ, ʥʝʣʠʥʝʡʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘ ʦʩʥʦʚʝ ʪʨʝʫʛʦʣʴʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦ- ʠ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʠʤʠʥʘʤʠ ʥʦʩʷʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʥʘ ʧʦʣʫʯʝʥʠʝ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʣʠʛʘʥʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʫʯʝʥʠʷ ʩʤʝʰʘʥʥʦ-ʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʡʜʝʥʥʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 
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ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʦʚ { Mo3S7} ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʛʘʣʦʛʝʥʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʙʫʜʫʱʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʩʝʥʩʦʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ 

ʚʦʜʳ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʘʨʝʥʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʣʦʜʦʩʪʫʧʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʘʥʠʣʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ɼʘʥʥʳʝ 

ʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʢʠʥʘʤ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʫʪʷʭ ʘʢʪʠʚʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʥʘ ʤʝʪʘʣʣ-ʩʫʣʴʬʠʜʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɼʘʥʥʳʝ ʧʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ 

ʨʘʙʦʪʳ, ʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʥʘʫʯʥʦʡ 

ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

ï ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʤʝʪʦʜʘʤ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʛʦʤʦ- ʠ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʠʤʠʥʘʤʠ ʠ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʪʨʝʫʛʦʣʴʥʳʭ 

ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ;  

ï ʥʦʚʳʡ ʧʦʜʭʦʜ ʜʣʷ ʩʠʥʪʝʟʘ ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʡ ʩʘʤʦʩʙʦʨʢʠ ʤʝʞʜʫ ʧʨʦʩʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭ ʨʘʟʥʳʭ 

ʭʘʣʴʢʦʛʝʥʦʚ; ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ɻʪʠʭ ʢʣʘʩʪʝʨʦʚ. 

ï ʫʥʠʢʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʝʣʣʫʨʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʵʣʝʢʪʨʦʬʠʣʴʥʳʤ ʨʝʘʛʝʥʪʘʤ; ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ 

ʣʠʛʘʥʜʦʤ TʝS
2-
. 

ï ʥʦʚʳʝ ʜʘʥʥʳʝ ʦʙ ʵʣʝʢʪʨʦʥʥʦʤ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ {M3S4} ʠ ʝʛʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ; 

ï ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ, ʚʨʝʤʷ ʞʠʟʥʠ, ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 

ʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʚ) ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʙʠ- ʠ ʪʨʝʭʲʷʜʝʨʥʳʭ 

ʜʠʠʤʠʥʦʚʳʭ ʠ ʜʠʧʠʨʠʜʠʥʦ-ʜʠʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

ï ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʜʠʠʤʠʥʦʚʳʭ ʠ ʜʠʠʤʠʥʦ-

ʜʠʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʦʚ {Mo2O2S2}, {Nb2S4} ʠ {Mo3S7}; 

ï ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʠʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʘʢʮʠʷʭ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ; 

ï ʜʘʥʥʳʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʨʝʘʢʮʠʡ ʣʠʛʘʥʜʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ, ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʜʝʢʦʦʨʜʠʥʘʮʠʠ ʉu
+
, ʘ ʪʘʢʞʝ ʨʝʘʢʮʠʡ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʣʢʠʥʦʚ; 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʨʝʘʢʮʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʘʚʪʦʨʦʤ ʩ ʫʯʝʪʦʤ ʩʦʚʝʪʦʚ ʜ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ʄ.ʅ. ʉʦʢʦʣʦʚʘ (ʀʅʍ ʉʆ ʈɸʅ) ʠ 
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ʧʨʦʬʝʩʩʦʨʘ ʈ. ʖʩʘʨ (ʋʥʠʚʝʨʩʠʪʝʪ ʂʘʩʪʝʣʴʦʥʘ, ʀʩʧʘʥʠʷ). ɸʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʨʝʰʘʶʱʘʷ ʨʦʣʴ 

ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʥʘʧʠʩʘʥʠʠ ʩʪʘʪʝʡ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦʚʦʜʠʣʘʩʴ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ. ʏʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʘ ʩʦʠʩʢʘʪʝʣʝʤ ʚ ʛʨʫʧʧʝ 

ʧʨʦʬʝʩʩʦʨʘ ʈʦʟʳ ʖʩʘʨ ʋʥʠʚʝʨʩʠʪʝʪʘ ʛʦʨʦʜʘ ʂʘʩʪʝʣʴʦʥʘ (ʀʩʧʘʥʠʷ). ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʣʫʯʝʥʳ ʘʩʧʠʨʘʥʪʦʤ ʵʪʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ɼ. ʈʝʢʘʪʘʣʘ) ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩʦʠʩʢʘʪʝʣʷ. ʇʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʟʘʱʠʱʝʥʘ ʦʜʥʘ ʢʘʥʜʠʜʘʪʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ (ʖ.ɸ. ʃʘʨʠʯʝʚʘ, ʀʅʍ ʉʆ 

ʈɸʅ), ʯʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʪʦʨʦʡ ʚʦʰʣʘ ʚ ʜʘʥʥʫʶ ʨʘʙʦʪʫ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: I
st
, II
nd
, III

rd
, IV

th
 International Workshop on Transition Metal Clusters 

(ʈʝʥʥ, 2008; ʈʦʩʪʦʢ, 2010; ɹʝʥʠʢʘʩʠʤ, 2012; ʅʦʚʦʩʠʙʠʨʩʢ 2014), VI ʠ VII ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʣʘʩʪʝʨʦʚ (ʂʘʟʘʥʴ, 2009; ʅʦʚʦʩʠʙʠʨʩʢ, 

2012), International workshop: Perspectives in kinetico-mechanistic studies on clusters and other 

polynuclear metal complexes (ʂʘʜʠʩ, 2010), ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʥʘʥʦʩʠʩʪʝʤè 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2011), The School for Young Scientists ñMagnetic Resonance and Magnetic 

Phenomena in Chemical and Biological Physicsò (ʅʦʚʦʩʠʙʠʨʩʢ, 2012), V
th
 International Conference 

on Molecular Materials (ɹʘʨʩʝʣʦʥʘ, 2012), 15
a
 Reunion Cientifica Plenaria de Quimica Inorganica 

(ɾʠʨʦʥʘ, 2012), XXV ʢʦʥʬʝʨʝʥʮʠ ̫çʉʦʚʨʝʤʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʬʠʟʠʢʘè (ʊʫʘʧʩʝ, 2013), XXXIV  

Reuni·n Bienal de la Real Sociedad Espa¶ola de Qu²mica (ʉʘʥʪʘʥʜʝʨ, 2013), Second EuCheMS 

Inorganic Chemistry Conference (ʀʝʨʫʩʘʣʠʤ, 2013), 44
th
 World Chemistry Congress (ʉʪʘʤʙʫʣ, 

2013), XXVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʂʦʥʬʝʨʝʥʮʠʷ ʧʦ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʍʠʤʠʠ (ʂʘʟʘʥʴ, 

2014), Japan-Russia Workshop on Advanced Materials Synthesis Process and Nanostructure 

(ʉʝʥʜʘʡ, 2015), ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ "ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ" (ʅʦʚʦʩʠʙʠʨʩʢ, 2015), 4
th
 International School - Conference on 

Catalysis for Young Scientists ñCatalyst Design: from Molecular to Industrial Levelò (ʂʘʟʘʥʴ, 2015), 

42
nd
 Intenational Conference on Coordination Chemistry (ɹʨʝʩʪ, ʌʨʘʥʮʠʷ, 2016), CLUSPOM-1 

(ʈʝʥʥ, 2016). 17Û Reunion Cientifica Plenaria de Quimica Inorganica (Malaga, 2016), 3
d
 European 

Colloquium on Inorganic Reaction Mechanisms (ʂʨʘʢʦʚ, 2016).  

ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʧʨʦʬʠʣʴʥʳʭ ʨʦʩʩʠʡʩʢʠʭ (9 ʩʪʘʪʝʡ) ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ (20 ʩʪʘʪʝʡ) ʞʫʨʥʘʣʘʭ. ɺʩʝ ʞʫʨʥʘʣʳ ʚʭʦʜʷʪ ʚ ʩʧʠʩʢʠ ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ Web of Science, Scopus ʠ ʈʀʅʎ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʝʟʠʩʘʭ 32 

ʜʦʢʣʘʜʦʚ.  

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 344 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʷ 209 

ʨʠʩʫʥʢʦʚ ʠ 29 ʪʘʙʣʠʮ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 
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ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (539 ʠʩʪʦʯʥʠʢʦʚ). ɺʩʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʪʘʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʡʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʪʴʷʭ. 

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).  
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ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ʊʨʝʫʛʦʣʴʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠ ʠʭ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʫʙʘʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʦʜʝʨʞʘʪ ʫʩʪʦʡʯʠʚʫʶ ʛʨʫʧʧʫ ʠʟ ʪʨʝʭ ʠʣʠ 

ʯʝʪʳʨʝʭ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʩʚʷʟʘʥʥʳʭ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʭʘʣʴʢʦʛʝʥʘ (ʩʝʨʳ, ʩʝʣʝʥʘ ʠʣʠ 

ʪʝʣʣʫʨʘ). ʆʩʪʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʤʝʩʪʘ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʟʘʥʠʤʘʶʪ ʪʝʨʤʠʥʘʣʴʥʳʝ 

ʣʠʛʘʥʜʳ (ʨʠʩ. 1). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ: "ʭʘʣʴʢʦʛʝʥ-

ʥʘʩʳʱʝʥʥʳʝ" ʢʣʘʩʪʝʨʳ {M3Q7}
4+
 ʩ ʪʨʝʤʷ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠ 

"ʭʘʣʴʢʦʛʝʥ-ʥʝʥʘʩʳʱʝʥʥʳʝ" ʢʣʘʩʪʝʨʳ {M3Q4}
4+
 ʩ ʤʦʥʦʭʘʣʴʢʦʛʝʥʠʜʳʤʠ ʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 1). ɺ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʷʤʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ, ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʶʪ 

ʪʨʝʫʛʦʣʴʥʠʢ. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʫʙʘʥʦʚʳʝ ʢʣʘʩʪʝʨʳ {M3Q4M'}
n+
 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʧʨʦʜʫʢʪ ʢʦʦʨʜʠʥʘʮʠʠ ʭʘʣʴʢʦʬʠʣʴʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʠʣʠ ʧʦʩʪʧʝʨʝʭʦʜʥʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʘ M' (ʚ 

ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ) ʢ ʪʨʝʫʛʦʣʴʥʦʤʫ ʦʩʪʦʚʫ {M3Q4}
4+
 (ʨʠʩ. 1). 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 ʚʘʢʘʥʪʥʳʭ ʤʝʩʪ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʦʚ ʢ 

ʛʝʪʝʨʦʤʝʪʘʣʣʫ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʧʨʠʨʦʜʳ. ɸʪʦʤʳ ʤʦʣʠʙʜʝʥʘ ʠʣʠ ʚʦʣʴʬʨʘʤʘ ʠʤʝʶʪ (ʙʝʟ ʫʯʝʪʘ 

ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ) ʠʩʢʘʞʝʥʥʦʝ ʧʝʥʪʘʛʦʥʘʣʴʥʦ-ʙʠʧʠʨʠʤʠʜʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʟ ʧʷʪʠ 

ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʠ ʜʚʫʭ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʩʣʫʯʘʝ 

ʢʣʘʩʪʝʨʦʚ {M3Q7} ʠʣʠ ʠʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʠʟ ʪʨʝʭ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʠ ʪʨʝʭ 

ʘʪʦʤʦʚ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ (ʢʣʘʩʪʝʨʳ {M3Q4} ʠ {M3Q4M'}). 

ʘ)   ʙ)      ʚ) 

 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʣʘʩʪʝʨʦʚ {M3Q7} (ʘ), {M3Q4} (ʙ) ʠ {M3Q4M'} (ʚ)  

(Q ï ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ (S, Se, Te)) 

 

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

ʣʠʛʘʥʜʘʤʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʥʘʯʘʣʘ 1980-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʥʘʫʯʥʳʭ 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 

ʜʦʢʪʦʨʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ (ʆ.ɸ. ɻʝʨʘʩʴʢʦ, "ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʪʠʦʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ", 1989, ʢʘʥʜʠʜʘʪʩʢʘʷ; ʖ.ɺ. ʄʠʨʦʥʦʚ, 
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"ʇʦʣʠʷʜʝʨʥʳʝ ʪʠʦ- ʠ ʪʠʦʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ 

ʚʟʘʠʤʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, 1990; ʄ.ʅ. ʉʦʢʦʣʦʚ, "ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʪʨʝʫʛʦʣʴʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʪʠʦ- ʠ ʩʝʣʝʥʦʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ", 1992, 

ʢʘʥʜʠʜʘʪʩʢʘʷ, "ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ ʥʠʦʙʠʷ, ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʥʘ ʠʭ ʦʩʥʦʚʝ", 2003, ʜʦʢʪʦʨʩʢʘʷ; ɸ.ɺ. ɺʠʨʦʚʝʮ, 

"ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʣʘʩʪʝʨʥʳʝ ʬʨʘʛʤʝʥʪʳ {M3X7}
4+
 ʠ {M3X4}

4+
 (M = Mo, W, X = S, Se)", 1993, ʢʘʥʜʠʜʘʪʩʢʘʷ, 

"ʂʨʠʩʪʘʣʣʦʭʠʤʠʷ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Mo, W, Re, Nb, Ta, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ", 2013, 

ʜʦʢʪʦʨʩʢʘʷ; ɺ.ʇ. ʌʝʜʠʥ, "ʉʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʠʦ- ʠ ʩʝʣʝʥʦʢʦʤʧʣʝʢʩʦʚ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ", 1994, ʜʦʢʪʦʨʩʢʘʷ; ʀ.ɺ. ʂʘʣʠʥʠʥʘ, "ʉʠʥʪʝʟ, ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʦʙʠʷ, ʪʘʥʪʘʣʘ, ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ", 2001, 

ʢʘʥʜʠʜʘʪʩʢʘʷ; ɼ.ʅ. ɼʳʙʮʝʚ, "ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ 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, ʩʪʨʦʝʥʠʝ ʠ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʝʫʛʦʣʴʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʠ ʠʭ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ", 2005, ʢʘʥʜʠʜʘʪʩʢʘʷ; ɸ.ʃ. ɻʫʱʠʥ, "ʉʠʥʪʝʟ ʠ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʥʪʘʣʘ, ʤʦʣʠʙʜʝʥʘ 

ʠ ʚʦʣʴʬʨʘʤʘ", 2007, ʢʘʥʜʠʜʘʪʩʢʘʷ; ʇ.ɸ. ʇʝʪʨʦʚ, "ʇʘʨʘʤʘʛʥʠʪʥʳʝ ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʪʨʝʫʛʦʣʴʥʳʝ 

ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ, ʚʦʣʴʬʨʘʤʘ ʠ ʨʝʥʠʷ ʩ ʜʠʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ: ʩʠʥʪʝʟ, ʩʪʨʦʝʥʠʝ ʠ 

ʩʚʦʡʩʪʚʘ", 2010, ʢʘʥʜʠʜʘʪʩʢʘʷ; ʇ.ɸ. ɸʙʨʘʤʦʚ, "ʅʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ 6-9 ʛʨʫʧʧ", 2010, ʢʘʥʜʠʜʘʪʩʢʘʷ; ʖ.ɸ. ʃʘʨʠʯʝʚʘ, "ʉʠʥʪʝʟ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ Mo ʠ W c 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤʠ ʜʠʠʤʠʥʘʤʠ", 2016, ʢʘʥʜʠʜʘʪʩʢʘʷ), ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ 

ʩʚʷʟʘʥʳ ʩ ʭʠʤʠʝʡ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ 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) 

[3, 6, 24-27]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ 

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

ʬʨʘʛʤʝʥʪʘʨʥʦ. 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 ʢʣʘʩʪʝʨʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʡ ʧʦʢʘ ʥʝ 
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ʙʳʣ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥ ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʦʙʟʦʨʳ ʜʠʩʩʝʨʪʘʮʠʡ. 

ʇʦʵʪʦʤʫ ʦʜʥʘ ʠʟ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʛʦ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦʙʳ ʟʘʧʦʣʥʠʪʴ 

ʵʪʫ ʥʠʰʫ. ɺʦ ʚʪʦʨʦʤ ʙʣʦʢʝ ʦʙʟʦʨʘ ʩʦʙʨʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʪʨʦʝʥʠʶ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʘ ʪʘʢʞʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʦʚ {M3Q7}
4+
, {M3Q4}

4+ 
 ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ {M3Q4M'}

n+
. ɺ 

ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʩʫʤʤʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʤʝʭʘʥʠʟʤʘʤ ʨʝʘʢʮʠʡ ʩ ʫʯʘʩʪʠʝʤ ʪʨʝʭ- ʠ 

ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ 

ʢʣʘʩʪʝʨʦʚ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʯʘʣʦʩʴ ʝʱʝ ʚ 1980-ʭ ʛʦʜʘʭ (ʨʘʙʦʪʳ ʧʨʦʬ. ɼ. ʉʘʡʢʩʘ, 

ʋʥʠʚʝʨʩʠʪʝʪ ʅʶʢʘʩʣ-ʘʧʦʥ-ʊʘʡʥ), ʵʪʦʪ ʘʩʧʝʢʪ ʭʠʤʠʠ ʪʘʢʞʝ ʤʘʣʦ ʟʘʪʨʘʛʠʚʘʣʩʷ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ 

ʚ ʜʨʫʛʠʭ ʦʙʟʦʨʘʭ. ʅʘʢʦʥʝʮ, ʚ ʧʝʨʚʦʤ ʙʣʦʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʠ 

ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʢʣʘʩʪʝʨʥʦʡ ʭʠʤʠʠ ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʡ ï ɻ ʪʦ ʩʤʝʰʘʥʥʳʝ ʧʦ 

ʭʘʣʴʢʦʛʝʥʫ ʪʨʝʭʲʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ. ʕʪʘ ʯʘʩʪʴ ʦʙʟʦʨʘ ʥʘʧʠʩʘʥʘ ʚ ʙʦʣʝʝ 

ʰʠʨʦʢʦʤ ʢʦʥʪʝʢʩʪʝ, ʚ ʥʝʝ ʚʢʣʶʯʝʥʳ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʤʝʰʘʥʥʦ-

ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ, ʥʘʯʠʥʘʷ ʩ ʤʦʥʦʷʜʝʨʥʳʭ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʦʣʠʷʜʝʨʥʳʤʠ ʠ 

ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. 

 

1.1. ʉʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ: ʧʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʝʥʠʷ 

1.1.1. ʈʝʘʢʮʠʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʣʠʛʝʪʝʨʦʭʘʣʴʢʦʛʝʥʠʜʘʤʠ 

ʇʦʣʠʛʝʪʝʨʦʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʘʥʠʦʥʳ. ʆ ʧʨʦʩʪʳʭ ʩʦʣʷʭ ʩ ʛʝʪʝʨʦʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ 

ʘʥʠʦʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʝʨʫ ʠ ʩʝʣʝʥ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʛʦ ʥʝ ʠʟʚʝʩʪʥʦ. 

ʀʤʝʶʪʩʷ ʦʯʝʥʴ ʩʪʘʨʳʝ ʠ ʥʝʧʨʦʚʝʨʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʦʣʝʡ ʪʠʧʘ KSSe [28]. 

ʉʦʦʙʱʘʝʪʩʷ ʪʘʢʞʝ ʦ ʩʦʝʜʠʥʝʥʠʷʭ [Mn(MeNH2)6](S5)0.15(S1.57Se2.43)0.85 ʠ [Mn(NH3)6](Se2.29S2.71), 

ʩʦʜʝʨʞʘʱʠʭ ʘʥʠʦʥʳ (S/Se)4
2-

 ʠ (S/Se)5
2-
, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʚ ʩʦʣʴʚʝʥʪʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʠʣʠ ʤʝʪʠʣʘʤʠʥʝ [29]. 

ʅʘʧʨʦʪʠʚ, ʩʤʝʰʘʥʥʳʝ Te/S ʠ Te/Se ʘʥʠʦʥʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ 

ʘʥʠʦʥʳ ʚʠʜʘ [TemSen]
2-
: [TeSe2]

2-
 [30], [TeSe3]

2-
 [30, 31], [Te(Se5)2]

2-
 [32], [Te(Se5)3]

4-
 [33], 

[{Te(Se2)}2(m2-(Se2)]
2-
 [33], [Te3Se6]

2-
 [34], [Te3Se7]

2-
 [34]. ɼʣ ̫ʠʭ ʧʦʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʪʚʝʨʜʦʬʘʟʥʳʝ, ʩʦʣʴʚʝʥʪʦʪʝʨʤʘʣʴʥʳʝ ʠ ʨʘʩʪʚʦʨʥʳʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ. 

ɸʥʠʦʥʳ [TeSe2]
2-

, [TeSe3]
2-

, [Te(Se5)2]
2-

, [Te(Se5)3]
4-

 ʠ [{ Te(Se2)} 2(m2-(Se2)]
2-

 ʩʦʜʝʨʞʘʪ ʘʪʦʤʳ 

Te(II) ʠʣʠ Te(IV), ʩʚʷʟʘʥʥʳʝ ʩ Sen
2-

 (n = 1, 2, 5). 

ʇʦʣʫʯʝʥʠʝ ʠ ʚʳʜʝʣʝʥʠʝ ʩʦʣʝʡ ʩ ʘʥʠʦʥʘʤʠ [TeSe2]
2-

 ʠ [TeSe3]
2-

 ʫʧʦʤʠʥʘʝʪʩʷ ʝʱʝ ʚ 1971 

ʛʦʜʫ [35], ʭʦʪʷ ʧʝʨʚʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʛʦʨʘʟʜʦ ʧʦʟʜʥʝʝ ʜʣʷ ʩʦʣʝʡ 

Na2TeSe3 ʠ K2TeSe3 [31]. ɺ ʵʪʦʡ ʞʝ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʠ ʧʝʨʚʘʷ ʩʪʨʫʢʪʫʨʘ (2,2,2-crypt-

K)2TeSe10, ʩʦʜʝʨʞʘʱʘʷ ʘʥʠʦʥ [Te(Se5)2]
2- 
(ʠʟʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʠʦʥʘʤ [Te(S5)2]

2- 
ʠ Se11

2-
), ʚ 

ʢʦʪʦʨʦʤ ʜʚʘ ʬʨʘʛʤʝʥʪʘ Se5
2-

 ʙʠʜʝʥʪʘʪʥʦ ʩʚʷʟʘʥʳ ʩ ʘʪʦʤʦʤ ʪʝʣʣʫʨʘ(II), ʦʙʨʘʟʫʷ ʧʣʦʩʢʦ-
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ʢʚʘʜʨʘʪʥʦʝ ʦʢʨʫʞʝʥʠʝ ʪʝʣʣʫʨʘ (ʨʠʩ. 2). ʀʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʦʣʠ (Ph4P)2[Te(S5)2] ʠ 

(Ph4P)2[Te(Se5)2] ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʷʤ K2S5 ʩ Na2Te4 ʠ Na2Se5 ʩ Te, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʝ (ɼʄʌɸ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ph4PCl [36]. 

 

ʈʠʩ. 2. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʘ [Te(S5)2]
2- 

 

Cʦʦʙʱʘʝʪʩʷ ʪʘʢʞʝ ʦ ʧʦʣʫʯʝʥʠʠ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʝʡ ʘʥʠʦʥʳ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ S/Se, 

[TeSe3]
2-

, [TeSSe2]
2-

, [TeS2Se]
2-

 ʠ [TeS3]
2-
, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

77
Se ʠ 

125
Te ʗʄʈ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ [30]. 

ʉʦʣʠ ʩ ʧʠʨʘʤʠʜʘʣʴʥʳʤ ʘʥʠʦʥʦʤ [TeS3]
2-

 (K2TeS3 ʠ (NH4)2TeS3) ʠʟʚʝʩʪʥʳ ʩ 1974 ʛʦʜʘ [37]. 

ʉʦʣʴ (Et4N)2[TeS3], ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʨʝʘʢʮʠʠ Et4NCl, Na2S4 ʠ Te ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ ʩʝʨʦʡ, ʜʘʚʘʷ ʩʦʣʴ (Et4N)2[Te(S5)(S7)], ʢʦʪʦʨʘʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ (Et4N)4[Te(S5)2][Te(S7)2] ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʛʦʨʷʯʝʛʦ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʕʪʠ ʩʦʣʠ ʩʦʜʝʨʞʘʪ ʘʥʠʦʥʳ 

[Te(S5)(S7)]
2-
 ʠ [Te(S7)2]

2-
, ʚ ʢʦʪʦʨʳʭ ʧʦʣʠʩʫʣʴʬʠʜʥʳʝ ʣʠʛʘʥʜʳ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ [Te(S5)2]

2-
 ʠ 

[Te(Sʝ5)2]
2-
, ʙʠʜʝʥʪʘʪʥʦ ʩʚʷʟʘʥʳ ʩ ʘʪʦʤʦʤ ʪʝʣʣʫʨʘ, ʦʙʨʘʟʫʷ ʧʣʦʩʢʦ-ʢʚʘʜʨʘʪʥʫʶ ʛʝʦʤʝʪʨʠʶ [38]. 

ʇʦʣʠʘʥʠʦʥ 
1
¤[TeSe4]

2-
 (ʨʠʩ. 3) ʩ ʢʚʘʜʨʘʪʥʦʡ ʛʝʦʤʝʪʨʠʡ ʚʦʢʨʫʛ Te(II) ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ ʚ 

ʩʪʨʫʢʪʫʨʝ Rb2TeSe4, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ Rb2S3, Te ʠ Se [39], ʭʦʪʷ ʪʘʢʦʡ ʪʠʧ ʦʢʨʫʞʝʥʠʷ 

ʪʝʣʣʫʨʘ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ ʧʦʣʠʪʝʣʣʫʨʠʜʦʚ ʠ ʚʩʪʨʝʯʘʝʪʩʷ, ʢ ʧʨʠʤʝʨʫ, ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʧʝʥʪʘʪʝʣʣʫʨʠʜʦʚ. ʊʠʦʘʥʘʣʦʛ [TeS4]
2-

 ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʦʙʥʘʨʫʞʝʥ. 

 

ʈʠʩ. 3. ʉʪʨʦʝʥʠʝ 
1
¤[TeSe4]

2-
 ʚ Rb2TeSe4 (ʩʝʨʳʝ ʢʨʫʞʢʠ ï ʪʝʣʣʫʨ, ʙʝʣʳʝ ï ʩʝʣʝʥ) 

 

ɸʥʠʦʥʳ [Te3Se6]
2-

 ʠ [Te3Se7]
2-

 ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʘʢʮʠʷʭ ʤʝʞʜʫ ʘʥʠʦʥʘʤʠ Ten
2-
ʠ Sen

2-
 ʚ 

ɼʄʌɸ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʳʜʝʣʝʥʳ ʚ ʚʠʜʝ ʩʦʣʝʡ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ. [34]. ʕʪʠʤ ʞʝ 

ʩʧʦʩʦʙʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʦʝʜʠʥʝʥʠʷ (PPN)2[TeSe10] (PPN = 

ʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʠʤʠʥʠʡ), (PPh4)2[Te2Se2] ʠ (NEt4)2[TeSe3]. ʉʦʣʠ (NEt4)2[Te3Se6] ʠ 

(NEt4)2[Te3Se7] ʩʦʜʝʨʞʘʪ ʙʝʩʢʦʥʝʯʥʳʝ ʘʥʠʦʥʥʳʝ ʮʝʧʦʯʢʠ, ʨʘʟʜʝʣʝʥʥʳʝ ʢʘʪʠʦʥʘʤʠ NEt4
+
 (ʨʠʩ. 
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4). ɺ ʩʣʫʯʘʝ (NEt4)2[Te3Se6] ʮʝʧʦʯʢʘ ʩʦʩʪʦʠʪ ʠʟ ʚʦʩʴʤʠʯʣʝʥʥʳʭ ʢʦʣʝʮ Te3Se5, ʠʤʝʶʱʠʭ 

ʢʦʥʬʦʨʤʘʮʠʶ çʦʪʢʨʳʪʦʡ ʢʥʠʛʠè, ʩʚʷʟʘʥʥʳʭ ʤʦʩʪʠʢʦʚʳʤʠ ʘʪʦʤʘʤʠ ʩʝʣʝʥʘ. 
77

Se ʗʄʈ ʩʧʝʢʪʨ 

(NEt4)2[Te3Se6] ʧʦʢʘʟʳʚʘʝʪ ʪʨʠ ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʛʥʘʣʘ ʧʨʠ 290, 349 ʠ 771 ʤ.ʜ., ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ɺ ʩʪʨʫʢʪʫʨʝ (NEt4)2[Te3Se7] ʧʨʠʩʫʪʩʪʚʫʶʪ ʮʠʢʣʳ Te3Se6, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʧʷʪʠ ʠ ʰʝʩʪʠʯʣʝʥʥʳʭ ʢʦʣʝʮ, ʩʚʷʟʘʥʥʳʝ ʘʪʦʤʘʤʠ ʩʝʣʝʥʘ. ʂʦʣʴʮʦ Te3Se6 ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʙʠʮʠʢʣʦʥʦʥʘʥʘ. ɸʥʠʦʥ [Te2Se2]
2-

 ʚ (PPh4)2[Te2Se2] 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʧʦʯʢʫ Se-Te-Te-Se, ʚ ʢʦʪʦʨʦʡ ʪʝʨʤʠʥʘʣʴʥʳʝ ʘʪʦʤʳ ʩʝʣʝʥʘ ʥʘʭʦʜʷʪʩʷ ʚ 

ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

 

ʈʠʩ. 4. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʦʚ [Te3Se6]
2-
 (ʚʚʝʨʭʫ) ʠ [Te3Se7]

2- 
(ʚʥʠʟʫ). ɸʪʦʤʳ ʩʝʣʝʥʘ ʧʦʢʘʟʘʥʳ ʯʝʨʥʳʤʠ ʢʨʫʞʢʘʤʠ,  

 ʘʪʦʤʳ ʪʝʣʣʫʨʘ ï ʙʝʣʳʤʠ 

 

ʇʦʣʠʛʝʪʝʨʦʘʪʦʤʥʳʝ ʢʘʪʠʦʥʳ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʝʥʪʘʬʪʦʨʠʜʳ ʤʳʰʴʷʢʘ ʠ ʩʫʨʴʤʳ 

ʨʝʘʛʠʨʫʶʪ ʩ ʩʝʨʦʡ, ʩʝʣʝʥʦʤ ʠʣʠ ʪʝʣʣʫʨʦʤ ʚ ʞʠʜʢʦʤ SO2, ʦʙʨʘʟʫʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʦʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʛʦʤʦʘʪʦʤʥʳʝ ʢʘʪʠʦʥʳ, ʥʘʧʨʠʤʝʨ, [S8](AsF6)2, [Sʝ10](SbF6)2, 

[Te6]2(AsF6)2 [40] [41]. ʉʤʝʩʠ ʭʘʣʴʢʦʛʝʥʦʚ ʤʦʛʫʪ ʦʢʠʩʣʷʪʴʩʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʜʘʚʘʷ ʨʘʟʣʠʯʥʳʝ 

ʧʦʣʠʛʝʪʝʨʦʘʪʦʤʥʳʝ ʢʘʪʠʦʥʳ: [Te2Se2]
2+

, [Te2Se6]
2+

, [Te2Se8]
2+

, [Te3S3]
2+

, [Te4S4]
2+
. ʊʘʢ, ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʪʝʣʣʫʨʘ, ʩʝʨʳ ʠ ʧʝʥʪʘʬʪʦʨʠʜʘ ʤʳʰʴʷʢʘ ʚ 

ʞʠʜʢʦʤ SO2 ʦʙʨʘʟʫʝʪʩʷ ʘʜʜʫʢʪ [Te4S4](AsF6)2ÖSO2 [42]. 

4Te + 4S + 3AsF5 ­ [Te4S4](AsF6)2 + AsF3 

ʉʪʨʦʝʥʠʝ ʢʘʪʠʦʥʘ [Te4S4]
2+

 ʥʘʧʦʤʠʥʘʝʪ ʩʪʨʦʝʥʠʝ ʢʫʥʝʘʥʘ ʉ8ʅ8 (ʨʠʩ. 5). ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʦʣʠʛʦʤʦʘʪʦʤʥʳʝ ʘʥʘʣʦʛʠ [S8]
2+
ʠ [Sʝ8]

2+
 ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʙʠʩʮʠʢʣʦʦʢʪʘʥʘ. ʂʘʪʠʦʥ [Te2S6]

2+
 

ʠʤʝʝʪ ʢʫʙʘʥʦ-ʧʦʜʦʙʥʦʝ ʩʪʨʦʝʥʠʝ (ʢʫʙ, ʚ ʢʦʪʦʨʦʤ ʫʜʘʣʝʥʳ ʪʨʠ ʨʝʙʨʘ) (ʨʠʩ. 5). 
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ʈʠʩ. 5. ʉʪʨʦʝʥʠʝ ʢʘʪʠʦʥʦʚ [Te4S4]
2+

 (ʚʚʝʨʭʫ) ʠ [Te2S6]
2+

 (ʚʥʠʟʫ) 

 

ʂʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʩ ʧʦʣʠʛʝʪʝʨʦʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʦʣʠʛʝʪʝʨʦʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʘʥʠʦʥʦʚ, ʧʨʠʤʝʨʦʚ ʠʭ ʢʦʦʨʜʠʥʘʮʠʠ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ 

ʥʝ ʪʘʢ ʤʥʦʛʦ. ʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʦʛʨʘʥʠʯʝʥʳ ʙʠʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

Ag(I) ʠ Au(II) ʠ ʪʨʝʭʲʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ Zr ʠ Hf. 

ɹʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Me4N)2[Au2(TeS3)2]
 
(ʨʠʩ. 6) ʧʦʣʫʯʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ AuCN c 

(Me4N)2TeS3 ʚ ɼʄʌɸ ʧʨʠ 23ʉ̄ [43]. ɺ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʢʘʞʜʳʡ ʣʠʛʘʥʜ TeS3 ʙʠʜʝʥʪʘʪʥʦ 

ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʟʦʣʦʪʫ(I) ʯʝʨʝʟ ʘʪʦʤʳ ʩʝʨʳ. 

 

 

ʈʠʩ. 6. ɺʠʜ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ [Au2(TeS3)2]
2-
 (ʚʚʝʨʭʫ) ʠ [Au2(TeSe2)2]

2-
 (ʚʥʠʟʫ). ʅʝʢʦʪʦʨʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ (¡) ʠ 

ʫʛʣʳ ( )̄: Au1-S1, 2.280(7); Au1-S2, 2.302(7); Te1-S1, 2.378(8); Te1-S2, 2.392(8); Te1-S1, 2.272(8); S1-Au-S2, 174.8(3); 

S1-Te1-S2, 100.6(3); S1-Te1-S3, 102.2(3); S2-Te1-S3, 102.7(3); Au1-S1-Te1, 99.2(2); Au1-S2-Te1, 95.3(3) (ʚ 

[Au2(TeS3)2]
2-
) ʠ Au1-Se1, 2.402(1); Au1-Se2, 2.407(1); Te1-Se1, 2.493(1); Te1-Se2, 2.487(1); Se1-Au-Se2, 177.41(3); 

Au1-Se1-Te1, 99.64(3); Au1-Se2-Te1, 96.66(3); Se1-Te1-Se2, 104.71(3) (ʚ [Au2(TeSʝ3)2]
2-
) 
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ʉʭʦʞʠʡ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ (Ph4P)2[Au2(TeSe2)2] (ʨʠʩ. 6) ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʘʢʮʠʠ AuCN ʩ 

Na2TeSe3 ʚ ɼʄʌɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ PEt3 ʠ Ph4PBr ʠʣʠ ʚ ʨʝʘʢʮʠʠ AuCN ʩ Na2TeSe2 ʚ ɼʄʌɸ [44]. 

ɸʥʠʦʥ TeSe2
2-

 ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʙʠʜʝʥʪʘʪʥʳʡ ʣʠʛʘʥʜ, ʩʚʷʟʳʚʘʷ ʜʚʘ ʘʪʦʤʘ ʟʦʣʦʪʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

PEt3 ʨʝʘʢʮʠʷ AuCN ʩ TeSe2
2-

 ʧʨʠʚʦʜʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢ ʢʦʤʧʣʝʢʩʫ [Au2(Te2)2]
2-

 ʩ ʜʚʫʤʷ 

ʜʠʪʝʣʣʫʨʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. 

ʂʦʤʧʣʝʢʩʳ Ag(I), [Ag2Te(TeS3)2]
2-
 ʠ [Ag2Te(TeSe3)2]

2- 
(ʨʠʩ. 7), ʧʦʣʫʯʝʥʳ ʠʟ AgNO3 ʠʣʠ 

AgBF4 ʜʦʙʘʚʣʝʥʠʝʤ K2Te ʠ S ʠʣʠ K2Se ʠ Te, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [43]. ʀʟʦʩʪʨʫʢʪʫʨʥʳʝ ʘʥʠʦʥʳ 

ʩʦʜʝʨʞʘʪ ʪʨʝʫʛʦʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ Ag2Te, ʩʚʷʟʘʥʥʫʶ ʩ ʜʚʫʤʷ ʬʨʘʛʤʝʥʪʘʤʠ TeQ3
2-
. ʌʦʨʤʘʣʴʥʘʷ 

ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʘ ʪʝʣʣʫʨʘ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ ʨʘʚʥʘ ʥʫʣʶ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʣʠʥʥʳʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ Te-Q ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʦʛʦ ʬʨʘʛʤʝʥʪʘ Q-Te-Q (ʠʟʦʵʣʝʢʪʨʦʥʥʳʡ ʣʠʥʝʡʥʦʤʫ 

ʘʥʠʦʥʫ I3
-
). ʕʪʠ ʢʦʤʧʣʝʢʩʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʙʠʷʜʝʨʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ ʘʪʦʤ 

ʩʝʨʝʙʨʘ ʩʚʷʟʘʥ ʩ ʦʜʥʠʤ ʘʪʦʤʦʤ ʪʝʣʣʫʨʘ ʠ ʜʚʫʤʷ ʘʪʦʤʘʤʠ Q ʧʦʣʠʜʝʥʪʘʪʥʦʛʦ ʘʥʠʦʥʘ Te(TeQ3)2
4-

. 

125
Te ʗʄʈ ʩʧʝʢʪʨ (Ph4P)2[Ag2Te(TeSe3)2] ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ ʪʠʧʦʚ ʘʪʦʤʦʚ ʪʝʣʣʫʨʘ 

(874.7 ʠ -488.4 ʤ.ʜ.). ʂʦʣʝʙʘʥʠʷ n(TeS) ʠ n(TeSʝ) ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 356 ʠ 237 ʩʤ
-1

, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ.7. ʉʪʨʦʝʥʠʝ [Ag2Te(TeS3)2]
2-
 ʠ [Ag2Te(TeSe3)2]

2- 

 

ʀʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ (PPh4)[(CpM(ɛ2-Se2))3(ɛ3-O)(ɛ3-TeSe3)] (ʉp = 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʜ; M = Zr, Hf) (ʨʠʩ. 8) ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʨʝʘʢʮʠʠ Na2[TeSe3] ʩ Cp2MCl2 ʚ 

ɼʄʌɸ [45]. ʆʥʠ ʩʦʜʝʨʞʘʪ ʪʨʝʫʛʦʣʴʥʠʢ ʠʭ ʪʨʝʭ ʬʨʘʛʤʝʥʪʦʚ MCp, ʩʚʷʟʘʥʥʳʭ ʤʦʩʪʠʢʦʚʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ɛ2-Se2
2-
, ɛ3-TeSe3

2-
 ʠ ɛ3-O

2-
, ʠ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʧʨʠʤʝʨʘʤʠ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ ʪʨʠʜʝʥʪʘʪʥʳʤ ʣʠʛʘʥʜʦʤ ɛ3-TeSe3
2-

. 
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ʈʠʩ. 8. ʉʪʨʦʝʥʠʝ ʷʜʨʘ [Zr(ɛ2-Se2))3(ɛ3-O)(ɛ3-TeSe3)] ʚ (PPh4)[(CpZr(ɛ2-Se2))3(ɛ3-O)(ɛ3-TeSe3)] 

 

1.1.2. ʈʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʭʘʣʴʢʦʛʝʥʘ ʚ ʤʦʥʦ- ʠ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʈʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʭʘʣʴʢʦʛʝʥʘ. ʂʦʤʧʣʝʢʩ (Ph4P)2[Hg(Te2Se2)2] (ʨʠʩ. 9), ʩʦʜʝʨʞʘʱʠʡ 

ʮʝʧʦʯʝʯʥʳʡ ʘʥʠʦʥ [Se-Te-Te-Se]
2-

, ʧʦʣʫʯʝʥ ʟʘʤʝʱʝʥʠʝʤ ʮʝʥʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ ʩʝʣʝʥʘ ʚ 

[Hg(Se4)2]
2-

 (ʵʪʠ ʘʪʦʤʳ ʥʝ ʩʚʷʟʘʥʳ ʩ Hg) ʩ ʧʦʤʦʱʴʶ Et3Pʊe [46]. ɸʪʦʤ ʨʪʫʪʠ ʠʤʝʝʪ ʠʩʢʘʞʝʥʥʦʝ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʠʟ ʘʪʦʤʦʚ ʩʝʣʝʥʘ. ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʝʝ 4 ʵʢʚʠʚʘʣʝʥʪʦʚ Et3Pʊe, 

ʪʦ ʦʙʨʘʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʥʠʦʥʳ [Hg(TenSe8-n)2]
2-

. 

 

ʈʠʩ. 9. ɺʠʜ ʘʥʠʦʥʘ [Hg(Te2Se2)2]2- (ʪʝʨʤʠʯʝʩʢʠʝ ʵʣʣʠʧʩʦʠʜʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴ 50%).  

ɼʣʠʥʳ ʩʚʷʟʝʡ (¡): Hg1-Se1, 2.673(1); Se1-Te1, 2.516(2); Te1-Te1a, 2.729(2) 

 

ɺ ʩʭʦʞʠʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʘʶʪʩʷ ʠ ʢʦʤʧʣʝʢʩʳ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ [ʄ(TenSe8-n)2]
2-

 (ʄ = Zn, 

Cd; n = 0-4) ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ. 

[M(Se4)2]
2-

 + nTePR3 ­ [MTenSe8-n]
2-

 + nSePR3 

ʈʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʭʘʣʴʢʦʛʝʥʘ ʚ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʥʠʦʙʠʷ. ɺ ʨʝʘʢʮʠʠ ʩʝʣʝʥʦʭʣʦʨʠʜʘ 

ʥʠʦʙʠʷ NbSe2Cl2 ʩ ʨʘʩʧʣʘʚʦʤ ʨʦʜʘʥʠʜʘ ʢʘʣʠʷ ʦʙʨʘʟʫʝʪʩʷ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 
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[Nb2(SSe)2(NCS)8]
4-

 [47]. 

NbSe2Cl2 + 10KSCN ­ K4[Nb2(SSe)2(NCS)8] + 4KCl + 2KSeCN 

ɺʳʜʝʣʝʥʥʘʷ ʩʦʣʴ (Bu4N)2[Nb2(SSe)2(NCS)8] ʥʝ ʫʩʪʦʡʯʠʚʘ ʥʘ ʚʦʟʜʫʭʝ ʠ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʅʘʣʠʯʠʝ ʛʨʫʧʧʠʨʦʚʢʠ SSe
2-

 ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʈʝʘʢʮʠʷ ʵʪʦʡ ʩʦʣʠ ʩ ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪʦʤ ʥʘʪʨʠʷ ʚ ʚʦʜʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʢʮʠʝʡ 

ʭʣʦʨʠʩʪʳʤ ʤʝʪʠʣʝʥʦʤ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʥʝʛʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʜʫʢʪʫ 

[Nb2S1.72Se2.28(Et2NCS2)4], ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʪʚʸʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ʥʝʩʢʦʣʴʢʠʭ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʦʩʪʠʢʦʚʳʝ ʬʨʘʛʤʝʥʪʳ SSe, S2 ʠ Se2. ɺ ʂʈ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ʛʨʫʧʧʳ S2 (560 ʩʤ
-1

), SeS (456 ʩʤ
-1
) ʠ Se2 (361 ʩʤ

-1
) [48]. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ 

ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝʱʝʥʠʷ ʩʝʣʝʥʘ ʥʘ ʩʝʨʫ ʚ ʢʣʘʩʪʝʨʝ { Nb2(Se2)2}
4+

 ʚ ʨʝʘʢʮʠʠ 

(Bu4N)2[Nb2(SSe)2(NCS)8] ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ ʨʦʜʘʥʠʜʦʤ ʢʘʣʠʷ (ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʚʦʜʦʤ ʚ 

ʜʠʪʠʦʢʘʨʙʘʤʘʪ) ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʞʝ ʯʝʨʝʟ 10 ʤʠʥ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʩʤʝʩʴ ʤʦʥʦ- ʠ ʜʠʟʘʤʝʱʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, 

[Nb2(SeS)(Se2)(Et2NCS2)4] ʠ [Nb2Se2S2(Et2NCS2)4]. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʜʦ 30 

ʤʠʥʫʪ ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ ʫʞʝ [Nb2(SeS)(S2)(Et2NCS2)4] ʠ ʧʦʷʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ [Nb2(S2)2(Et2NCS2)4]. ʇʦʩʣʝ ʪʨʸʭʯʘʩʦʚʦʡ ʨʝʘʢʮʠʠ ʧʦʣʫʯʘʝʪʩʷ 

[Nb2(S2)2(Et2NCS2)4] ʩ ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʴʶ [Nb2(SeS)(S2)(Et2NCS2)4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʠ 

NbSe2X2 (X = Cl, Br) c ʨʘʩʧʣʘʚʦʤ ʂSCN ʧʨʦʪʝʢʘʶʪ ʥʝ ʩʝʣʝʢʪʠʚʥʦ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʢʣʘʩʪʝʨʦʚ { Nb2SxSe4-

x}
4+

. 

ʅʘʛʨʝʚʘʥʠʝ ʩʤʝʩʠ NbSe2I2, Te ʠ I2 ʧʨʠ 500ʉ̄ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ ʩʝʣʝʥʘ ʥʘ ʪʝʣʣʫʨ 

ʚ ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ [Nb2(Se2)2(Te2I6)2] (ʨʠʩ. 10), ʚ ʢʦʪʦʨʦʤ ʢ 

ʢʣʘʩʪʝʨʫ { Nb2(Se2)2}
4+

 ʪʝʪʨʘʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʫʶʪʩʷ ʜʚʘ ʘʥʠʦʥʘ Te2I6
2-

 [49]. 
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ʈʠʩ. 10. ʀʟʦʙʨʘʞʝʥʠʝ ʤʦʣʝʢʫʣʳ [Nb2(Se2)2(Te2I6)2] (ʵʣʣʠʧʩʦʠʜʳ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 50%) 

 

ɼʠʪʠʦʢʘʨʙʘʤʘʪʥʳʡ ʢʦʤʧʣʝʢʩ [Nb2(S2)2(Et4NCS2)4] ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ SePEt3 ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ PEt3 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [Nb2(Sʝ2)2(Et4NCS2)4] ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʘʪʦʤʦʚ 

ʩʝʨʳ ʥʘ ʩʝʣʝʥ [50]. ʈʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʬʦʩʬʠʥʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 11 ʠ ʚʢʣʶʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ 

[Nb2(SeS)(S2)(Et4NCS2)4]. 

 

ʈʠʩ. 11. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʚʨʘʱʝʥʠʷ [Nb2(S2)2]
4+

 ʚ [Nb2(Se2)2]
4+

 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʤʝʩʠ PEt3Se/PEt3 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ [Nb2(S2)2(Et4NCS2)4] ʠ TePEt3 ʫʜʘʣʦʩʴ 

ʚʳʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩ [Nb2(S)(Te2)(Et4NCS2)4] (ʨʠʩ. 12), ʩʦʜʝʨʞʘʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʛʨʫʧʧʳ m-S ʠ 

m-Te2. ʅʘʧʨʦʪʠʚ, ʨʝʘʢʮʠʷ [Nb2(S2)2(acac)4] (acac = ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ) ʩ TePEt3 ʧʨʠʚʦʜʠʪ ʪʦʣʴʢʦ ʢ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʶ ʩʝʨʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ [Nb2(S)2(acac)4] [50]. 
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ʈʠʩ. 12. ʉʪʨʦʝʥʠʝ [Nb2(S)(Te2)(Et4NCS2)4] 

 

ʈʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʭʘʣʴʢʦʛʝʥʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ [Cp*2V2(m2-S)3] (Cp*  = 

ʧʝʥʪʘʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʜ) ʩ Na2Se5 ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ [Cp*2V2(m2-S)2(m2-

SSe)] (ʨʠʩ. 13), ʚʳʜʝʣʝʥʥʦʛʦ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʛʦ ʗʄʈ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʘʤʠ [51]. 

 

ʈʠʩ. 13. ʉʪʨʦʝʥʠʝ [Cp*2V2(m2-S)2(m2-SSe)] 

 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ [Cp(CO)2Cr¹Se¹Cr(CO)2Cp] c S8, 

ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ [Cp(CO)2Cr¹S¹Cr(CO)2Cp], ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʦʚ [Cp2Cr2(CO)5(SSe)] ʠ [Cp2Cr2(CO)4(SSe)] c ʣʠʛʘʥʜʦʤ SSe
2-

, ʦʜʥʘʢʦ ʚ 

ʪʚʝʨʜʫʶ ʬʘʟʫ ʦʥʠ ʥʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ [52]. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [Cp2Sm(ʊʅF)]2(m-Te) c Se ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ, ʦʜʠʥ ʠʟ 

ʢʦʪʦʨʳʭ ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

[Cp2Sm]2(Se2Teb)(ʊɻʌ) (a +b = 3; ʊɻʌ = ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ) [53]. ʉʦʝʜʠʥʝʥʠʝ ʠʟʦʩʪʨʫʢʪʫʨʥʦ 

[(C5Me5)2Sm]2(m-h
1
:h

3
-Se3)(ʊɻʌ) ʩ ʤʦʩʪʠʢʦʚʳʤ ʘʥʠʦʥʦʤ Se3

2-
 (ʨʠʩ. 14). 
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ʈʠʩ. 14. ʉʪʨʦʝʥʠʝ [(C5Me5)2Sm]2(m-h
1
:h

3
-Se3)(ʊɻʌ) 

 

ʂʦʤʧʣʝʢʩʳ ʪʠʪʘʥʘ [Ti(h
5
-C5H4R)2SSe4] (R = H, Me, SiMe3) ʩ ʭʝʣʘʪʥʳʤ ʣʠʛʘʥʜʦʤ SSe4

2-
 

ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʠ [Ti(h
5
-C5H4R)2(SH)2] ʩ ʢʨʘʩʥʳʤ ʩʝʣʝʥʦʤ ʚ CS2 [54]. 

[Ti(h
5
-C5H4R)2(SH)2] + 1/2Se8 ­ [Ti(h

5
-C5H4R)2SSe4] + H2S 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ [Ti(Cp)2SSe4] ʫʩʪʘʥʦʚʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ (ʨʠʩ. 15) [55]. ɸʪʦʤ 

ʪʠʪʘʥʘ ʠʤʝʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʠ ʩʚʷʟʘʥ ʩ ʣʠʛʘʥʜʦʤ SSe4
2-

 ʯʝʨʝʟ ʘʪʦʤʳ ʩʝʨʳ ʠ 

ʩʝʣʝʥʘ. ɼʣʠʥʘ ʩʚʷʟʠ S-Se ʩʦʩʪʘʚʣʷʝʪ 2.267 ¡ (ʩʫʤʤʘ ʢʦʚʘʣʝʥʪʥʳʭ ʨʘʜʠʫʩʦʚ ʩʝʨʳ ʠ ʩʝʣʝʥʘ 2.22 

¡). 

 

ʈʠʩ. 15. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ [Ti(Cp)2SSe4] 
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ʋʧʦʤʠʥʘʝʪʩʷ ʪʘʢʞʝ ʦ ʧʦʣʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʘ [Ti(MeCp)2SxSe5-x] (x º 2), ʨʝʘʢʮʠʷ ʢʦʪʦʨʦʛʦ ʩ 

[Ir(dppe)2Cl] (dppe = 1,2-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ) ʧʦʩʣʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ: [Ir(S2)(dppe)2]Cl (6%), [Ir(Se2)(dppe)2]Cl (75%) ʠ [Ir(SSe)(dppe)2]Cl 

(17%). ʆʙʨʘʟʦʚʘʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʣʠʛʘʥʜʦʤ SSe
2-

 

ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʥʦ ʚʳʜʝʣʠʪʴ ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʠʟ 

ʩʤʝʩʠ ʥʝ ʫʜʘʣʦʩʴ [56]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʭʘʣʴʢʦʛʝʥʘ ʚ ʤʦʥʦ- ʠ ʙʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʘʣʣʦʚ ʧʨʦʪʝʢʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʝʣʝʢʪʠʚʥʦ. ʆʙʱʠʝ ʧʦʜʭʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

 

1.1.3. ʈʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʭʘʣʴʢʦʛʝʥʘ ʚ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ 

ʂʣʘʩʪʝʨʳ {M3(m3-S)(m2-SaxSeeq)3}
4+

. ʂʣʘʩʪʝʨʳ ʵʪʦʛʦ ʪʠʧʘ ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʚ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʦʣʠʙʜʝʥʘ [Mo3S(SSe)3X6]
2- 

(ʨʠʩ. 16), 

ʧʦʣʫʯʝʥʥrʝ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Mo3S7X6]
2-

 (ʍ = 

Cl, Br) ʩ SePPh3. ɸʪʦʤʳ ʩʝʣʝʥʘ ʚ ʥʠʭ ʟʘʥʠʤʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʯʪʦ 

ʜʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʈʉɸ. ʇʦʩʣʝʜʫʶʱʝʝ ʟʘʤʝʱʝʥʠʝ ʘʢʩʠʘʣʴʥʳʭ ʠ ʪʝʤ ʙʦʣʝʝ ʘʧʠʢʘʣʴʥʦʛʦ 

ʘʪʦʤʦʚ ʩʝʨʳ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʉʦʣʴ (Ph3EtP)2[Mo3S(SSe)3Cl6] ʙʳʣʘ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʣʠʛʘʥʜ SSe
2-
 [57]. ʇʦʟʜʥʝʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʜʣʷ (PPN)2[Mo3S(SSe)3Cl6] [58] ʠ (TTF)(TBA)[Mo3S(SSe)3Br6] [59]. 

ʇʦʩʣʝʜʥʷʷ ʩʦʣʴ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʬʘʣʝʥʘ (TTF ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʠʦʥʦʚ [Mo3S(SSe)3Br6]
2-

. 

 

ʈʠʩ. 16. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʘ [Mo3S4Se3ʉl6]
2- 

 

ɸʢʚʘʪʘʮʠʷ (Et4N)2[Mo3S(SSe)3Br6] ʚ 4 ʄ Hpts (ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) ʜʘʸʪ 



30 

 

ʘʢʚʘ-ʢʦʤʧʣʝʢʩ [Mo3S(SSe)3(H2O)6]
4+
, ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ c ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ ʬʦʩʬʠʥʦʤ PR3

3-
 (R 

= C6H4SO3) c ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ [Mo3S4(H2O)9]
4+ 
ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʷ ʪʨʝʭ 

ʘʪʦʤʦʚ ʩʝʣʝʥʘ. ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʵʪʦʡ ʨʝʘʢʮʠʠ (2 M Hpts) ʩʦʩʪʘʚʣʷʝʪ 1.48Ŀ10
5
 ʄ

-1
Ŀʩ

-1
 [60, 61]. 

[Mo3S4Se3(H2O)6]
4+ 

+ 3PR3
3- 
­ [Mo3S4(H2O)9]

4+ 
+ 3SePR3

3-
 

ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ ʚʦʣʴʬʨʘʤʘ (Ph4P)2[W3S7Br6] ʩ SePPh3 

ʦʙʨʘʟʫʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦ ʢʦʤʧʣʝʢʩ (Ph4P)2[W3S4Se3Br6]. ɿʘ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ 

ʪʠʦʢʦʤʧʣʝʢʩʘ [M3S7X6]
2- 
ʫʜʦʙʥʦ ʩʣʝʜʠʪʴ ʩ ʧʦʤʦʱʴʶ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʳ n(S-S) ʠ ʧʦʷʚʣʝʥʠʶ ʥʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʣʦʩʳ n(S-Sʝ) [57]. 

ɼʨʫʛʠʤ ʨʝʘʛʝʥʪʦʤ ʜʣʷ ʚʚʝʜʝʥʠʷ ʩʝʣʝʥʘ ʚ ʩʦʩʪʘʚ ʪʨʝʫʛʦʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʷʚʣʷʝʪʩʷ 

ʩʝʣʝʥʦʮʠʘʥʘʪ ʢʘʣʠʷ. ɽʩʣʠ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ [M3S7X6]
2-

 ʩ KNCSe ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ 

KNCS, ʪʦ ʦʙʨʘʟʫʶʪʩʷ ʪʠʦʮʠʘʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [M 3S(SSe)3(NCS)6]
2ï

 (M = Mo,
 
W) [58]. ʕʪʠ 

ʨʝʘʢʮʠʠ ʥʝʦʙʨʘʪʠʤ,r ʠ ʜʘʞʝ ʠʟʙʳʪʦʢ KNCS ʠʣʠ PPh3S ʥʝ ʧʝʨʝʚʦʜʠʪ ʢʣʘʩʪʝʨʳ { M3S(SSe)3}
4+

 

ʦʙʨʘʪʥʦ ʚ { M3S7}
4+
. ɺ ʩʣʫʯʘʝ ʚʦʣʴʬʨʘʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʙʦʯʥʘʷ ʨʝʘʢʮʠʷ ʦʪʱʝʧʣʝʥʠʷ ʩʝʣʝʥʘ ʦʪ 

[W3S(SSe)3(NCS)6]
2ï

 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʣʘʩʪʝʨʘ { W3S4}
4+

. 

ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʨʝʘʢʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʩ ʠʟʦʪʦʧʦʤʝʨʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʈʝʘʢʮʠʠ ʠʟʦʪʦʧʥʦʛʦ 

ʦʙʤʝʥʘ ʤʝʞʜʫ (Et4N)2[M3
34

S7Br6] (ʄ = Mo, W) ʠ K
32

SCN ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:100 

ʧʨʠʚʦʜʷʪ ʪʦʣʴʢʦ ʢ ʢʦʤʧʣʝʢʩʘʤ (Et4N)2[M3(m3-
34

S)(m2-
34

Sax
32

Seeq)3(NCS)6], ʩʦʜʝʨʞʘʱʠʤ ʣʠʛʘʥʜ 

32
Seq-

34
Sax, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟʦʪʦʧʥʳʭ ʩʜʚʠʛʦʚ ʚ ʂʈ-ʩʧʝʢʪʨʘʭ. ɸʢʩʠʘʣʴʥʳʝ ʘʪʦʤʳ ʩʝʨʳ ʠ 

ʘʪʦʤ m3-S ʚ ʵʪʦʤ ʦʙʤʝʥʝ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ. 

(Et4N)2[M3
34

S7Br6] + 6K
32

SCN ­ (Et4N)2[M3(m3-
34

S)(m2-
34

Sax
32

Seeq)3(NCS)6] 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʠʪʠʦʢʘʨʙʘʤʘʪʥʳʡ ʢʦʤʧʣʝʢʩ [Mo3S7(dtc)3]dtc (dtc 

= N,Nô-ʜʠʵʪʠʣʜʠʪʠʦʢʘʨʙʘʤʘʪ) ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ PPh3Se, ʥʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʚʨʘʱʸʥ ʚ 

[Mo3S(SSe)3(dtc)3]SeCN ʦʙʨʘʙʦʪʢʦʡ KNCSe ʚ CH3CN ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [62]. ɺ 

ʩʪʨʫʢʪʫʨʝ ʵʪʦʡ ʩʦʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʯʪʠ ʣʠʥʝʡʥʳʝ ʮʝʧʠ ʪʠʧʘ (S-SeéSeéS-SeéSeé)n, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʟʘ ʩʯʸʪ ʢʦʨʦʪʢʠʭ (2.9ï3.3 ¡) ʢʘʪʠʦʥ-ʘʥʠʦʥʥʳʭ ʢʦʥʪʘʢʪʦʚ. ʈʘʩʩʪʦʷʥʠʷ S-Se ʚ 

ʣʠʛʘʥʜʝ SSe
2-

 ʩʦʩʪʘʚʣʷʶʪ 2.16ï2.23 ¡. ʉʭʦʞʠʡ ʜʠʪʠʦʢʘʨʙʦʤʘʪʥʳʡ ʢʦʤʧʣʝʢʩ 

[Mo3S(SSe)3(dtc)3]Br ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [Mo3S4(H2O)9]
4+

 ʩ Se(dtc)2 [61]. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʣʠʛʘʥʜʳ S
2-

 ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ SSe
2-

. 

ʂʣʘʩʪʝʨʳ {M3(m3-Sʝ)(m2-SʝaxSeq)3}
4+

. ʂʣʘʩʪʝʨʳ ʵʪʦʛʦ ʪʠʧʘ ʩʦʜʝʨʞʘʪ ʣʠʛʘʥʜʳ m2-SʝaxSeq
2-

, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʟʦʤʝʨʥʳʤʠ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʤ ʧʦ ʩʧʦʩʦʙʫ ʢʦʦʨʜʠʥʘʮʠʠ (ʨʠʩ. 17). ɸʪʦʤʳ 

ʩʝʣʝʥʘ ʚ ʥʠʭ ʟʘʥʠʤʘʶʪ ʘʢʩʠʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʊʘʢʦʡ ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʠ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥ ʚ 

ʜʠʪʠʦʬʦʩʬʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [M3Se(SeS)3((RO)2PS2)3]Cl, (M = Mo, W; R = Et, i-Pr) [63] ʠ 

[Mo3(S0.65Se0.35)(SSe)3((EtO)PS2)3]I  [64], ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʨʝʘʢʮʠʷʤ [M 3Sʝ4(H2O)9]
4+ 
ʩ 

P4S10 ʚ ROH ʠ [Mo3(ɛ-S0.65Se0.35)Sʝ3((EtO)PS2)4(py)] (py = ʧʠʨʠʜʠʥ) ʩ ʅ2S ʚ ʧʨʠʩʫʪʩʪʚʠʠ I2, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 17. ɼʚʘ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ m2-SʝaxSeq
2-
, ʥʘʡʜʝʥʳʳʝ ʚ ʢʣʘʩʪʝʨʘʭ {M 3(m3-S)(m2-SaxSeeq)3}

4+
 (ʩʣʝʚʘ) ʠ 

{M 3(m3-Sʝ)(m2-SʝaxSeq)3}
4+

 (ʩʧʨʘʚʘ) 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʠʤʝʨʥʳʭ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʩ ʨʘʩʧʣʘʚʦʤ KNCSe. ʅʠʟʢʦʧʣʘʚʢʠʡ 

KNCSe (Tʧʣ = 100̄  ʉ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʘʢʞʝ ʚ ʨʝʘʢʮʠʷʭ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ ʩ ʢʣʘʩʪʝʨʥʳʤʠ 

ʧʦʣʠʤʝʨʘʤʠ M3Te7I4 ʠ ʠʭ ʩʫʣʴʬʠʜʥʳʤʠ ʠ ʩʝʣʝʥʠʜʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ ʪʚʝʨʜʳʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ ʚ ʨʘʩʧʣʘʚʝ KNCSe ʧʨʠ 200 C ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʘʢʮʠʝʡ ʚʦʜʦʡ. 

ʂʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʦʤ NCSe
-
 ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʦʙʨʘʟʫʶʪʩʷ, ʚʤʝʩʪʦ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʢʣʘʩʪʝʨʥʦʛʦ ʦʩʪʦʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʮʠʘʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʳ ʠʩʭʦʜʥʳʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ [65]. ɺ ʩʣʫʯʘʝ Mo3Te7I4 ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʪʝʣʣʫʨʘ ʚ 

ʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ { Mo3Te7}
4+

. 

Mo3Te7I4 + 7KCNSe ­ K2[Mo3Se7(CN)6] + 7Te + 4KI + KCN 

ʂ ʵʪʦʤʫ ʞʝ ʢʦʤʧʣʝʢʩʫ ʧʨʠʚʦʜʠʪ ʠ ʨʝʘʢʮʠʷ Mo3Se7Br4 ʩ ʨʘʩʧʣʘʚʣʝʥʥʳʤ KCNSe, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʩʦʣʠ, ʩʦʜʝʨʞʘʱʝʡ [Mo3Se7(CN)6]
2-

. 

ʈʝʘʢʮʠʷ Mo3Te7I4 ʩ KCNSe ʧʨʦʪʝʢʘʝʪ ʩʪʫʧʝʥʯʘʪʦ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʤʦʥʠʪʦʨʠʥʛ ʩ 

ʧʦʤʦʱʴʶ ESI-MS, ʧʦʢʘʟʳʚʘʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ [Mo3Te4Se3(CN)6]
2-

 ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʘʜʠʠ 

[65]. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʤʝʥ Te/Se ʷʚʣʷʝʪʩʷ ʪʘʢʠʤ ʞʝ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʤ, ʢʘʢ ʠ S/Se, ʪʦ 

ʘʪʦʤʳ Se ʜʦʣʞʥʳ ʩʥʘʯʘʣʘ ʟʘʥʠʤʘʪʴ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʚ ʷʜʨʝ { M3(m3-Q)(m-Qax.-Qeq.)3}
4+

. 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʟʘʤʝʱʝʥʠʷ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ Te ʥʘ ʘʪʦʤʳ Se ʷʚʣʷʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʝ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ [Re4Te4(TeCl2)4Cl8] ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʡ [Re6Se8(CN)6]
4-

 ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʝʛʦ ʩ KNCSe ʚ CH3CN ʧʨʠ 200C̄ [66]. 

ɿʘʤʝʱʝʥʠʝ ʭʘʣʴʢʦʛʝʥʘ ʚ Mo3S7Br4 ʚ ʨʘʩʧʣʘʚʝ KCNSe ʠʜʝʪ ʪʘʢʞʝ ʩʪʫʧʝʥʯʘʪʦ, ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʠʝ [Mo3S4Se3(CN)6]
2-
 ʠ [Mo3SSe6(CN)6]

2-
 (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʩʧʝʢʪʨʝ ESI-MS), ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ [Mo3Se7(CN)6]
2-

 ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ [65].  

C ʧʦʤʦʱʴʶ ESI-MS ʚ ʨʝʘʢʮʠʠ W3Te7Br4 ʩ KNCSe ʜʦʢʘʟʘʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ [W3Te4Se3(CN)6]
2-

, [W3Te3Se4(CN)6]
2-

, [W3Te2Se5(CN)6]
2-

, [W3TeSe6(CN)6]
2-

 ʠ 

[W3Se7(CN)6]
2-
. ʇʨʝʜʣʘʛʘʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 18. [W3Se7(CN)6]

2-
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ʥʝʫʩʪʦʡʯʠʚ ʢ ʧʦʪʝʨʝ ʩʝʣʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ, ʠ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʷʚʣʷʝʪʩʷ 

[W3Se4(CN)9]
5-

 [65]. 

 

ʈʠʩ. 18. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʤʝʱʝʥʠʷ ʪʝʣʣʫʨʘ ʥʘ ʩʝʣʝʥ ʚ {W3Te7}  (ʘʪʦʤʳ Te ʚʳʜʝʣʝʥʳ ʩʝʨʳʤ 

ʮʚʝʪʦʤ, ʘʪʦʤʳ Se ï ʢʨʘʩʥʳʤ, W ï ʛʦʣʫʙʳʤ)  

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʩʪʫʧʝʥʯʘʪʦʛʦ ʟʘʤʝʱʝʥʠʷ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʦʪʝʢʘʥʠʝʤ ʨʝʘʢʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʤʝʰʘʥʥʳʡ Se/Te ʢʦʤʧʣʝʢʩ K3{[ W3(m3-Te)(m2-SeTe)3(CN)6]Br}Ö6H2O (ʨʠʩ. 

19), ʚ ʢʦʪʦʨʦʤ ʧʦ ʜʘʥʥʳʤ ʈʉɸ ʘʪʦʤʳ Se ʩʝʣʝʢʪʠʚʥʦ ʚʭʦʜʷʪ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʧʦʟʠʮʠʠ 

ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩ ʣʠʛʘʥʜʦʤ TeSe
2-

. 

 

ʈʠʩ. 19. ʉʪʨʫʢʪʫʨʘ ʘʩʩʦʮʠʘʪʘ {[W 3Te4Se3(CN)6]Br}
3-
 ʚ K3{[W 3(m3-Te)(m2-SeTe)3(CN)6]Br}Ö6H2O 

 

ʇʦʣʠʤʝʨʳ W3Se7Br4 ʠ W3S7Br4 ʚ ʨʝʘʢʮʠʠ ʩ ʨʘʩʧʣʘʚʦʤ KCNSe ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

[W3Se4(CN)9]
5-

 ʠ [W3S4(CN)9]
5-
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ-ʟʘ ʤʝʥʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴ ʁʷʜʝʨ { W3Q7}

4+
, 

ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʣʝʛʢʦ ʪʝʨʷʶʪ ʪʨʠ ʘʪʦʤʘ ʭʘʣʴʢʦʛʝʥʘ ʣʠʛʘʥʜʦʚ m2-Q2, ʜʘʚʘʷ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʝ ʢʣʘʩʪʝʨʳ { W3Q4}
4+

 [65]. 

ʂʣʘʩʪʝʨ {W3(m3-Te)(m2-Se)3}
4+

. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ KCN ʢ ʚʦʜʥʦʤʫ ʵʢʩʪʨʘʢʪʫ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ W3Te7Br4 ʩ KNCSe ʚʳʜʝʣʝʥ ʢʦʤʧʣʝʢʩ K5[W3(m3-Te)(m2-Se)3(CN)9], ʩʦʜʝʨʞʘʱʠʡ 
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ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ { W3(m3-Te)(m2-Se)3}
4+

 (ʨʠʩ. 20). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʦʥ CN
-
 ʘʪʘʢʫʝʪ 

ʣʠʙʦ ʘʪʦʤ Te ʚ [W3Se3Te4(CN)6]
2-

 (ʠʦʥ TeCN
-
, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ, ʥʝ 

ʫʩʪʦʡʯʠʚ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ CN
-
 ʠ Te; ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʧʘʜʝʥʠʝ ʪʝʣʣʫʨʘ), ʣʠʙʦ ʘʪʦʤ Se ʚ [W3Se6Te(CN)6]
2-

. ʅʝʣʴʟʷ ʪʘʢʞʝ ʠʩʢʣʶʯʘʪʴ ʠ 

ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ SeCN
-
 ʧʦ Te ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ Se/Te ʦʙʤʝʥʦʤ [65]. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ { M3Q4}
4+

 ʤʦʛʫʪ ʙʳʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʦʙʤʝʥʫ ʭʘʣʴʢʦʛʝʥʘ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝʦʞʠʜʘʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [Mo3(m3-S)Te3(i-PrO)2PS2)3(PAB)(PBu3)] 

(PAB = ʧʘʨʘ-ʘʤʠʥʦʙʝʥʟʦʘʪ) ʠʟ [Mo3Te7(dtp)3]I (dtp = ʜʠʵʪʠʣʜʠʪʠʦʬʦʩʬʘʪ) (ʠʩʪʦʯʥʠʢʦʤ ʘʪʦʤʘ 

ʩʝʨʳ ʩʣʫʞʠʪ ʜʠʪʠʦʬʦʩʬʘʪʥʳʡ ʣʠʛʘʥʜ) [67]. 

 

ʈʠʩ. 20. ʉʪʨʦʝʥʠʝ [W3(m3-Te)(m2-Se)3(CN)9]
5-
 (ʵʣʣʠʧʩʦʠʜʳ ʩ 50% ʩʪʝʧʝʥʴʶ ʚʝʨʦʷʪʥʦʩʪʠ). 

 

1.1.4. ʈʝʘʢʮʠʠ ʩʘʤʦʩʙʦʨʢʠ 

ɻʦʤʦ- ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʤʝʩʠ Na2TeO3 ʠ 

Na2SeO3 ʩ [Fe(CO)5] ʚ ʧʨʠʩʫʪʩʪʚʠʠ KOH ʚ ʤʝʪʘʥʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʩʠ ʪʨʝʭʲʷʜʝʨʥʳʭ 50-

ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ [Fe3(CO)9(m3-Se)(m3-Te)], [Fe3(CO)9(m3-Se)2] ʠ [Fe3(CO)9(m3-Te)2], 

ʢʦʪʦʨʫʶ ʥʝ ʫʜʘʝʪʩʷ ʨʘʟʜʝʣʠʪʴ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ. ʆʜʥʘʢʦ, ʝʩʣʠ ʵʪʫ ʩʤʝʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʥʘʯʘʣʘ ʤʝʪʠʣʘʪʦʤ ʥʘʪʨʠʷ, ʟʘʪʝʤ ʢʠʩʣʦʪʦʡ, ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʩʤʝʩʴ ʙʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [Fe2(CO)6(m-SeTe)], [Fe2(CO)6(m-Se2)] [Fe2(CO)6(m-Te2)], ʢʦʪʦʨʫʶ ʫʜʘʝʪʩʷ ʨʘʟʜʝʣʠʪʴ. 

ʊʘʢʠʤ ʧʫʪʝʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʢʦʤʧʣʝʢʩ [Fe2(CO)6(m-SeTe)] ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ 

[68]. ʕʪʦ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʢʦʤʧʣʝʢʩʘ ʩ ʣʠʛʘʥʜʦʤ SeTe
2-
. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʣʫʯʝʥʠʝ ʚʠʜʠʤʳʤ 

ʩʚʝʪʦʤ ʨʘʩʪʚʦʨʘ [Fe2(CO)6(m-SeTe)] ʚ ʧʨʠʩʫʪʩʪʚʠʠ [Fe(CO)5] ʚ ʛʝʢʩʘʥʝ ʧʨʠʚʦʜʠʪ ʢ [Fe3(CO)9(m3-

Se)(m3-Te)] ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ. 

ʇʦ ʩʭʦʞʝʡ ʤʝʪʦʜʠʢʝ ʧʦʣʫʯʘʶʪʩʷ ʠ ʢʦʤʧʣʝʢʩʳ [Fe2(CO)6(m-SSe)] [69] ʠ [Fe2(CO)6(m-STe)] 

[70]. 

ʂʦʤʧʣʝʢʩʳ ʪʠʧʘ [Fe2(CO)6(m-QQô)] (Q = Qô, Q  ̧Qô) ̫ʚʣʷʶʪʩʷ ʦʯʝʥʴ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʥʝʜʨʝʥʠʶ ʘʪʦʤʦʚ ʜʨʫʛʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦ 

ʩʚʷʟʠ Q-Q. ʂ ʧʨʠʤʝʨʫ, ʢʦʤʧʣʝʢʩ [Fe2(CO)6(m-SeTe)] ʨʝʘʛʠʨʫʝʪ ʩ [Pt(ʉ2H4)(PPh3)2] ʫʞʝ ʧʨʠ 



34 

 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [(CO)6Fe2(m3-Se)(m3-

Te)Pt(PPh3)2] ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʚʳʭʦʜʦʤ (ʨʠʩ. 21), ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ 

ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʀʂ-ʩʧʝʢʪʨʘ [68]. 

 

ʈʠʩ. 21. ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ [(CO)6Fe2(m3-Se)(m3-Te)Pt(PPh3)2] 

 

ʉʭʦʞʠʝ ʪʨʝʭʲʷʜʝʨʥʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ [(CO)6Fe2(m3-Se)(m3-Te)Ru(CO)3] ʠ 

[(CO)6Fe2(m3-Se)(m3-Te)ʉo(CO)Cp] ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʘʢʮʠʷʭ [Fe2(CO)6(m-SeTe)] ʩ [Ru(CO)4(C2H4)] 

ʠ [CpCo(CO)2], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 22) [71]. 

 

ʈʠʩ. 22. ʉʭʝʤʘ ʨʝʘʢʮʠʡ [Fe2(CO)6(m-SeTe)] ʩ [Ru(CO)4(C2H4)] (ʚʚʝʨʭʫ) ʠ [CpCo(CO)2] (ʚʥʠʟʫ) 

 

ʇʦʩʣʝʜʫʶʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ [(CO)6Fe2(m3-Se)(m3-Te)Ru(CO)3] ʩ [Ru(CO)4(C2H4)] 

ʧʨʠʚʦʜʠʪ ʢ ʯʝʪʳʨʝʭʲ̫ ʜʝʨʥʦʤʫ ʢʦʤʧʣʝʢʩʫ [Fe2Ru2(CO)11(m4-Se)(m4-Te)] [72], ʢʦʪʦʨʳʡ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʠʤʝʝʪ ʩʪʨʦʝʥʠʝ, ʧʨʠʚʝʜʝʥʥʦʝ ʥʘ ʨʠʩ. 23. 
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ʈʠʩ. 23. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʩʪʨʦʝʥʠʝ [Fe2Ru2(CO)11(m4-Se)(m4-Te)] 

 

ɺ ʨʝʘʢʮʠʷʭ [Fe2(CO)6(m-QQô)] (QQô = SeTe, STe, SSe) ʩ [Mo(CO)5(ʊɻʌ)] ʧʦʣʫʯʝʥʳ 

ʯʝʪʳʨʝʭ- ʠ ʧʷʪʠʷʜʝʨʥʳʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʨʠʩ. 24) 

[73]. 

 

ʈʠʩ. 24. ʉʭʝʤʘ ʨʝʘʢʮʠʡ [Fe2(CO)6(m-QQô)] (QQô = SeTe, STe, SSe) ʩ [Mo(CO)5(ʊɻʌ)] 

 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʦʧʨʝʜʝʣʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ. ʅʘ ʨʠʩ. 25 ʧʦʢʘʟʘʥʦ 

ʩʪʨʦʝʥʠʝ ʧʷʪʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Fe4Mo(CO)14(m3-S)2(m3-Te)2]. ʕʪʦ ʢʦʤʧʣʝʢʩ, ʚʝʨʦʷʪʥʦ, 

ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Fe2Mo(CO)10(m3-S)(m3-Te)]. 
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ʈʠʩ. 25. ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ [Fe4Mo(CO)14(m3-S)2(m3-Te)2] (ʚʚʝʨʭʫ) ʠ ʩʭʝʤʘ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʚʥʠʟʫ) 

 

ʂʚʘʜʨʘʪʥʦ-ʧʠʨʘʤʠʜʘʣʴʥʳʡ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ [Cpʉʦ(m3-S)(m3-Se)Fe2(CO)6] 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʤʝʩʠ ʩ [ʉpʉʦ(m3-Sʝ)2Fe2(CO)6] ʚ ʨʝʘʢʮʠʠ [Fe2(CO)6(m-SSe)] c [CpCo(CO)2] (ʨʠʩ. 

26) [69]. 

 

ʈʠʩ. 26. ʉʭʝʤʘ ʨʝʘʢʮʠʠ [Fe2(CO)6(m-SSe)] c [CpCo(CO)2 

 

ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺ ʩʠʩʪʝʤʘʭ Mo-Se-Te-Br2 ʠ Mo-Se-Te-I2 ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʥʫʞʥʦʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʠ 350C̄ 
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ʦʙʨʘʟʫʶʪʩʷ ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ [Mo3Se7(TeBr3)Br2]2[Te2Br10] ʠ [Mo3Se7(TeI3)I2]I (ʨʠʩ. 27), 

ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ { Mo3Se7} . ɸʪʦʤʳ ʪʝʣʣʫʨʘ ʥʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʢʣʘʩʪʝʨʥʦʛʦ ʦʩʪʦʚʘ, 

ʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ ʘʥʠʦʥʘ TeX3
-
, ʢʦʪʦʨʳʡ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ 

[74]. 

 

ʈʠʩ. 27. ʉʪʨʦʝʥʠʝ [Mo3Se7(TeI3)I2]I. ɺʩʝ ʘʪʦʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʝʨʤʠʯʝʩʢʠʭ ʵʣʣʠʧʩʦʠʜʘʭ ʩ 50 % ʚʝʨʦʷʪʥʦʩʪʴʶ. 

ʇʫʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʢʦʥʪʘʢʪʳ Te(TeI2)éI ʠ 3SeaxéI 

 

ʇʦʭʦʞʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʠʥʪʝʟʘʭ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ 

ʨʝʥʠʷ { Re4(ɛ3-Q)4} (Q = S, Se) ʠʟ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʚʫʭ ʨʘʟʥʳʭ ʭʘʣʴʢʦʛʝʥʦʚ 

(S/Te ʠʣʠ Se/Te): ʙʦʦʣʝʝ ʣʝʛʢʠʡ ʭʘʣʴʢʦʛʝʥ (ʩʝʨʘ ʠʣʠ ʩʝʣʝʥ) ʥʝʠʟʤʝʥʥʦ ʟʘʥʠʤʘʝʪ ʚʥʫʪʨʝʥʥʫʶ 

ʧʦʟʠʮʠʶ (ɛ3-Q) ʚ ʢʣʘʩʪʝʨʝ. ʂ ʧʨʠʤʝʨʫ, ʚ ʩʦʝʜʠʥʝʥʠʷʭ Re4S4Te4 ʠ Re4S4Cl8(TeCl2)4 (ʨʠʩ. 28) 

ʪʦʣʴʢʦ ʘʪʦʤʳ ʩʝʨʳ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʫʙʘʥʦʚʦʛʦ ʦʩʪʦʚʘ { Re4(ɛ3-S)4}, ʘ ʘʪʦʤʳ ʪʝʣʣʫʨʘ 

ʬʦʨʤʠʨʫʶʪ ʚʥʝʰʥʝʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʢʣʘʩʪʝʨʘ [75, 76]. 

 

ʈʠʩ. 28. ʉʪʨʦʝʥʠʝ Re4S4Cl8(TeCl2)4 

 

ɺ ʩʪʨʫʢʪʫʨʝ Cs4[Re6S9.45Se3.55], ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʠ Re, CsCO3, H2S ʠ Se 

ʧʨʠ 850̄ C, ɛ3-ʧʦʟʠʮʠʠ ʚ ʢʣʘʩʪʝʨʝ {Re6(ɛ3-Q)8} ʟʘʥʠʤʘʶʪʩʷ ʪʦʣʴʢʦ ʘʪʦʤʘʤʠ ʩʝʨʳ, ʚ ʪʦ ʚʨʝʤʷ 
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ʢʘʢ ʘʪʦʤʳ ʩʝʣʝʥʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚ ʤʦʩʪʠʢʘʭ ɛ-Q2 ʤʝʞʜʫ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʢʣʘʩʪʝʨʘʤʠ 

[77]. ʊʠʦʪʝʣʣʫʨʦʭʣʦʨʠʜ ʩʦʩʪʘʚʘ Mo2S4Te4Cl22, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ MoTe2 

ʩ S2Cl2 ʧʨʠ 100ʉ̄, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʩʦʜʝʨʞʠʪ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ{ Mo2(m2-S2)2}
6+
, ʩʦʜʝʨʞʘʱʝʝ 

ʪʦʣʴʢʦ ʘʪʦʤʳ ʩʝʨʳ [78]. 

ɺʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ ʪʦʣʴʢʦ 

ʦʜʥʦʛʦ ʪʠʧʘ (ʩʝʨʳ ʠʣʠ ʩʝʣʝʥʘ). ʈʝʘʢʮʠʠ ʩʘʤʦʩʙʦʨʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʰʴ ʜʚʫʤʷ ʧʨʠʤʝʨʘʤʠ. ɺ 

ʩʠʩʪʝʤʘʭ Re2O7-S-Se2Cl2, Re2O7-Se-S2Cl2 ʠ OsO4-Se-S2Cl2 (ʧʨʠ 200̄ ʉ) ʧʦʣʫʯʝʥʳ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʳ ʩʦʩʪʘʚʘ Re3S5Se2Cl7, Re3S6.5Se0.5Cl7 ʠ Os3S7SeCl8, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʦʜʝʨʞʘʱʠʝ ʪʨʝʭʲʷʜʝʨʥʳʝ ʢʣʘʩʪʝʨʳ { M3(m3-S)(m-Q2)3} (M = Re, Os; Q = S, Se), ʚ ʢʦʪʦʨʳʭ m3-

ʧʦʟʠʮʠʷ ʟʘʥʷʪʘ ʘʪʦʤʦʤ ʩʝʨʳ (Re-m3-S, 2.32-2.34 ¡), ʘ ʛʨʫʧʧʳ m-Q2 ʩʦʩʪʦʷʪ ʠʟ ʘʪʦʤʦʚ ʩʝʨʳ ʠ 

ʩʝʣʝʥʘ [79]. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʩʦʦʙʱʘʝʪʩʷ ʦ ʨʝʘʢʮʠʠ ʤʝʞʜʫ MoCl3Ŀ3H2O, ZnSe ʠ 

Me4N(S2P(OEt)2), ʧʨʠʚʦʜʷʱʝʡ ʢ ʩʤʝʩʠ ʪʨʝʭʲʷʜʝʨʥʳʭ ʜʠʪʠʦʬʦʩʬʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Mo3(m3-

S)(m2-Se2)3((EtO)2PS2)3] ʠ [Mo3(m3-Se)(m2-Se2)3((EtO)2PS2)3], ʠʟ ʢʦʪʦʨʦʡ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʧʨʦʜʫʢʪ 

ʩʦʩʪʘʚʘ [Mo3(m3-S0.65Se0.35)(Se2)3((EtO)2PS2)3] [64]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʪʦʤ ʩʝʨʳ ʪʘʢʞʝ ʟʘʥʠʤʘʝʪ m3-

ʧʦʟʠʮʠʶ. 

 

1.1.5. ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʤʝʰʘʥʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʤ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘʤ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʘ ʦʙʣʘʩʪʴ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ, 

ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʡ ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʳʭ ʨʘʙʦʪ. ɼʣʷ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʘʢʮʠʷʭ ʩ ʧʦʣʠʛʝʪʝʨʦʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ 

ʘʥʠʦʥʘʤʠ, ʨʝʘʢʮʠʷʭ ʟʘʤʝʱʝʥʠʷ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʭʘʣʴʢʦʛʝʥʘ, ʨʝʘʢʮʠʷʭ ʩʘʤʦʩʙʦʨʢʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʩʪʦʯʥʠʢʦʚ ʭʘʣʴʢʦʛʝʥʦʚ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ. ɺʩʝ ʵʪʠ ʨʝʘʢʮʠʠ ʧʨʠʚʦʜʷʪ ʣʠʙʦ ʢ 

ʢʦʤʧʣʝʢʩʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʜʠ- ʠ ʧʦʣʠʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʘʥʠʦʥʳ ʩʦ ʩʚʷʟʷʤʠ S-Se, S-Te, Se-Te, ʣʠʙʦ 

ʢ ʢʦʤʧʣʝʢʩʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʥʝʩʢʦʣʴʢʦ ʛʦʤʦʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʘʥʠʦʥʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʨʠʨʦʜʦʡ 

ʭʘʣʴʢʦʛʝʥʘ. 

ʄʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʩ ʧʦʣʠʛʝʪʝʨʦʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʨʘʡʥʝ ʨʝʜʢʠ, ʠ ʩʚʝʜʝʥʠʷ ʦ 

ʥʠʭ ʬʨʘʛʤʝʥʪʘʨʥʳ. ʆʧʠʩʘʥʳ ʣʠʰʴ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ Ag(I) ʠ Au(II) ʠ ʪʨʝʭʲʷʜʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Zr ʠ Hf, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʷʤʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʣʠʛʝʪʝʨʦʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩ ʧʦʜʭʦʜʷʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʤʝʪʘʣʣʦʚ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ ʣʠʛʘʥʜʘʤʠ SSe
2-

, SeTe
2-

 ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʢʮʠʠ 

ʟʘʤʝʱʝʥʠʷ ʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʭʘʣʴʢʦʛʝʥʘ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ, ʥʘʧʨʠʤʝʨ, 

ʢʦʤʧʣʝʢʩʳ ʢʣʘʩʪʝʨʦʚ {M 3(m3-S)(m2-SaxSeeq)3}
4+

 ʠ {Mʦ3(m3-Sʝ)(m2-SʝaxSeq)3}
4+

 ʩʦ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʟʠʮʠʷʤʠ ʘʪʦʤʦʚ ʭʘʣʴʢʦʛʝʥʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ, ʦʜʥʘʢʦ ʪʘʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 
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ʫʢʘʟʘʥʥʳʤʠ ʢʣʘʩʪʝʨʥʳʤʠ ʷʜʨʘʤʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʦʤ STe
2-
 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʚʝʩʪʥʳ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʠʤʝʨʦʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʩʪʨʫʢʪʫʨʥʦ ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʡ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Fe2(CO)6(m-STe)], ʢʦʪʦʨʳʡ 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʩʤʝʩʠ ʩ ʛʦʤʦʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʘʢʮʠʠ 

ʩʘʤʦʩʙʦʨʢʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʨʳ ʠ ʪʝʣʣʫʨʘ ʠʣʠ ʩʝʣʝʥʘ ʠ ʪʝʣʣʫʨʘ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʣʘʩʪʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʣʠʛʘʥʜʘʤʠ m-QTe (Q = S, Se). ʂʣʘʩʪʝʨʥʦʝ ʷʜʨʦ ʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ 

ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʣʝʛʢʠʭ ʘʪʦʤʦʚ (ʩʝʨʳ ʠʣʠ ʩʝʣʝʥʘ), ʘ ʘʪʦʤʳ ʪʝʣʣʫʨʘ ʦʙʨʘʟʫʶʪ ʚʥʝʰʥʝʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ. 

ʂʦʤʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ ʤʦʥʦʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʧʦʣʫʯʘʶʪ ʩ 

ʧʦʤʦʱʴʶ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ ʠ ʩʘʤʦʩʙʦʨʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʩʝʣʝʢʪʠʚʥʦ ʠ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʫʶ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʜʝʣʠʪʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʷʜ ʪʝʣʣʫʨ-

ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʦʚ [Nb2(S)(Te2)(Et4NCS2)4], K5[W3(m3-Te)(m2-Se)3(CN)9] ʠ [Mo3(m3-S)(m2-

Te3)(dtp)3(PAB)(PBu3)]. ʂʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʣʘʩʪʝʨʥʳʝ ʷʜʨʘ { M3(m3-S)(m2-Sʝ2)3}
4+

, { M3(m3-

S)(m2-Sʝ)3}
4+

, { M3(m3-S)(m2-Te2)3}
4+

 ʠ { M3(m3-Se)(m2-Te2)3}
4+
, ʥʝ ʠʟʚʝʩʪʥʳ. ʄʦʞʥʦ ʙʳʣʦ ʦʞʠʜʘʪʴ, 

ʯʪʦ ʦʥʠ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʘʢʮʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʜʚʫʭ ʨʘʟʥʳʭ ʭʘʣʴʢʦʛʝʥʦʚ ʚ ʥʫʞʥʦʤ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʥʦ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ.  

 

1.2. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʪʨʝʫʛʦʣʴʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʦʣʠʙʜʝʥʘ ʠ 

ʚʦʣʴʬʨʘʤʘ 

1.2.1. ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

1.2.1.1. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {M3Q7} 

ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ. ʆʩʥʦʚʥʳʤ ʨʘʟʣʠʯʠʝʤ ʤʝʞʜʫ ʢʣʘʩʪʝʨʘʤʠ {M3(ɛ3-Q)(ɛ2-Q2)3} ʠ 

{M3(ɛ3-Q)(ɛ2-Q)3} (M = Mo, W; Q = S, Se) ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʘ ɛ2-ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʪʨʝʫʛʦʣʴʥʳʡ ʬʨʘʛʤʝʥʪ M3 ʦʢʨʫʞʘʶʪ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʝ ʣʠʛʘʥʜʳ (ɛ2-Q2), ʚʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ ï ʤʦʥʦʭʘʣʴʢʦʛʝʥʠʜʥʳʝ (ɛ2-Q). ʂʨʦʤʝ ʪʦʛʦ, ʘʪʦʤʳ ʭʘʣʴʢʦʛʝʥʘ ʚ ʘʢʩʠʘʣʴʥʳʭ ʧʦʟʠʮʠʷʭ ʚ 

ʢʦʤʧʣʝʢʩʘʭ {M3Q7} ʠʤʝʶʪ ʵʣʝʢʪʨʦʬʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʝ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ {M3Q4}. 

ʉʭʝʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʄʆ) ʜʣʷ ʢʣʘʩʪʝʨʦʚ {M3Q7} ʚ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ C3v-

ʩʠʤʤʝʪʨʠʠ ʜʘʝʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʚʷʟʳʚʘʥʠʶ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʪʨʠ ʩʚʷʟʳʚʘʶʱʠʭ (1a1 ʠ 1ʝ) ʠ ʪʨʠ 

ʨʘʟʨʳʭʣʷʶʱʠʭ (2ʝ ʠ ʘ2) ʄʆ (ʨʠʩ. 29, [80]). ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʩʭʝʤʝ ʢʣʘʩʪʝʨʳ {M3Q7} ̫ʚʣʷʶʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʰʝʩʪʴ d-ʵʣʝʢʪʨʦʥʦʚ ʤʝʪʘʣʣʘ (ʧʦ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʢʘʞʜʦʛʦ 

ʮʝʥʪʨʘ Mo
IV
 ʩ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d

2
) ʜʦʩʪʫʧʥʳ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʥʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʪʘʣʣ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʦʨʙʠʪʘʣʝʡ 1a1 ʠ 1ʝ, ʯʪʦ ʬʦʨʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʤ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ 

ʦʜʠʥʘʨʥʳʤ ʩʚʷʟʷʤ ʄ-ʄ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʦ ʢʣʘʩʪʝʨʥʳʭ ʩʢʝʣʝʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʂCʕ) ʚ 
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ʵʪʠʭ ʢʣʘʩʪʝʨʘʭ ʨʘʚʥʦ 6. ʕʣʝʢʪʨʦʥʥʘʷ ʧʨʠʨʦʜʘ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʧʦʨʷʜʦʢ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʨʙʠʪʘʣʝʡ ʧʦ ʵʥʝʨʛʠʠ ʚ ʵʪʦʡ ʫʧʨʦʱʝʥʥʦʡ ʩʭʝʤʝ. 

 

ʈʠʩ. 29. ʋʧʨʦʱʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʢʣʘʩʪʝʨʦʚ {M3Q7} (ʄ = Mo, W; Q = S, Se) ʜʣʷ 

ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʠʤʤʝʪʨʠʠ C3v 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʦʚ {M3Q7} 

ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʨʦʜʳ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ ʧʦʜʚʝʨʛʘʪʴʩʷ ʥʝʦʙʨʘʪʠʤʦʤʫ ʧʨʦʮʝʩʩʫ ʚʦʩʩʪʘʥʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʤʫ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʪʨʝʭ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʤʦʩʪʠʢʦʚʳʭ ʣʠʛʘʥʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ {M3Q4} [81, 82]. 

{M 3Q7}
4+

 + 6ʝ
-
­{M 3Q4}

4+ 
+ 3Q

2-
 

ʂ ʧʨʠʤʝʨʫ, ʦʙʨʘʙʦʪʢʘ ʜʠʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [ʄʦ3S7(S2C2R2)3]
2-
 (ʨʠʩ. 30) 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠ ʘʛʝʥʪʘʤʠ, ʪʘʢʠʤʠ, ʢʘʢ PPh3, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ [ʄʦ3S4(S2C2R2)3]
2-
. 

ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʊʘʙʣʠʮʘ 1). ɺ ʮʝʣʦʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʢʣʘʩʪʝʨʘ { Mo3S7} ʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

[82]. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʥʠʟhʠʝ ʚʘʢʘʥʪʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ 

(LUMO) ʜʣʷ ʢʣʘʩʪʝʨʦʚ {Mo3S7}, ʚ ʦʩʥʦʚʥʦʤ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʤʦʩʪʠʢʦʚʳʭ S2
2-
 ʣʠʛʘʥʜʘʭ ʠ 

ʚʥʦʩʷʪ ʨʘʟʨʳʭʣʷʶʱʠʡ ʨ-ˊ*/ů*ʚʢʣʘʜ ʚ ʩʚʷʟʳʚʘʥʠʝ S-S [83]. 

ʈʠʩ. 30. ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ [Mo3S7(Q2C2R2)3]
2-
 ʠ ʩʪʨʦʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʠʪʠʦ- ʠ ʜʠʩʝʣʝʥʦʣʘʪʥʳʭ 

ʣʠʛʘʥʜʦʚ (Q-Q) 
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ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʤʝʥʝʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʣʘʩʪʝʨʦʚ { M3Q7}, ʧʦʩʢʦʣʴʢʫ ʵʪʦ 

ʪʨʝʙʫʝʪ ʫʜʘʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩʦ ʩʚʷʟʳʚʘʶʱʠʭ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʚʳʩʰʠʝ 

ʟʘʥʷʪʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʨʙʠʪʘʣʠ, HOMO ) ʠ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʢʣʘʩʪʝʨʥʦʛʦ ʦʩʪʦʚʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚʢʣʘʜ ʦʨʙʠʪʘʣʝʡ ʤʝʪʘʣʣʘ ʚ HOMO ʩʪʘʥʦʚʠʪʩʷ ʥʝ 

ʜʦʤʠʥʠʨʫʶʱʠʤ. ʂ ʧʨʠʤʝʨʫ, ʚ ʢʦʤʧʣʝʢʩʝ [Mo3S7(S2)3]
2-
, HOMO-ʦʨʙʠʪʘʣʴ ʚ ʦʩʥʦʚʥʦʤ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʟʘ ʩʯʝʪ ʩʣʘʙʦʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ p* -ʦʨʙʠʪʘʣʝʡ ʪʝʨʤʠʥʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ S2
2-
, 

ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʢʠʩʣʝʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʦʤʧʣʝʢʩʳ { Mo3S7} 

ʩʪʘʥʦʚʷʪʩʷ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʤʠ ʢ ʦʢʠʩʣʝʥʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʦʨʜʠʥʘʮʠʠ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʳʭ 

ʣʠʛʘʥʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʠʪʠʦʣʝʥʳ (ʨʠʩ. 30). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʦʪʢʣʠʢ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʣʠʛʘʥʜʘ, ʪ.ʝ. ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʛʘʥʜ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤ. ʇʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʥʦʩʷʪ ʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 

ʫʤʝʨʝʥʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ (ʚ ʦʙʣʘʩʪʠ ʦʪ +0.2 ʜʦ +0.8 ɺ) (ʊʘʙʣʠʮʘ 1). ʉʦʦʪʚʝʩʪʚʫʶʱʠʝ 

ʜʠʪʠʦʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [Mo3S7(S2C2R2)3]
2-
 ʦʙʨʘʟʫʶʪʩʷ ʩ ʫʤʝʨʝʥʥʳʤʠ ʚʳʭʦʜʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʨʦʤʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3S7Br6]
2-
 ʩ (Bu4N)2[M(S2C2R2)2] (M = Zn, Sn) ʠʣʠ 

Na2(mnt) (mnt = ʤʘʣʝʦʥʠʪʨʠʣʜʠʪʠʦʣʘʪ) (ʨʠʩ. 30) [59, 84, 85]. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ HOMO ʚ [ʄʦ3S7(S2C2R2)3]
2-
 - ɻ ʪʦ ʧʦʣʥʦʩʪʴʶ ʟʘʥʷʪʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʦʨʙʠʪʘʣʠ ʩʠʤʤʝʪʨʠʠ "ʝ". ɺʢʣʘʜ ʣʠʛʘʥʜʦʚ ʚ HOMO 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 62% ʜʣʷ [ʄʦ3S7(bdt)3]
2-
 (ʨʠʩ. 31, bdt ï 1,2-ʙʝʥʟʦʜʠʪʠʦʣʘʪ) ʜʦ 82% ʜʣʷ 

[ʄʦ3S7(dsit)3]
2-
 (dsit = 1,3-ʜʠʪʠʘ-2-ʪʠʦʥ-4,5-ʜʠʩʝʣʝʥʦʣʘʪ). ɺ HOMO-1 ʩʠʤʤʝʪʨʠʠ "ʘ" ʦʩʥʦʚʥʦʡ 

ʚʢʣʘʜ ʚʥʦʩʷʪ ʪʨʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʘ ʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʘʪʦʤʳ ʩʝʨʳ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ, ʙʝʟ 

ʫʯʘʩʪʠʷ ʘʪʦʤʦʚ ʄʦ [84]. 

 

ʈʠʩ. 31. ɺʠʜ ʦʨʙʠʪʘʣʝʡ HOMO ʠ HOMO-1 ʜʣʷ ʜʠʘʥʠʦʥʘ [ʄʦ3S7(bdt)3]
2- 

 

ʂʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʜʠʘʥʠʦʥʦʚ [ʄʦ3S7(S2C2R2)3]
2-
 ʠ/ʠʣʠ ʠʭ 

ʜʠʩʝʣʝʥʦʣʘʪʥʳʭ ʘʥʘʣʦʛʦʚ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʥʝʰʥʝʛʦ ʣʠʛʘʥʜʘ. ɺ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʥʳʭ tfd 

(ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʠʣ)-1,2-ʜʠʪʠʦʣʘʪ), bdt, tdas (1,2,5-ʪʠʘʜʠʘʟʦʣ-3,4-ʜʠʪʠʦʣʘʪ) ʠʣʠ mnt 
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ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʨʘʚʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ɼʣʷ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ [ʄʦ3S7(L)3]
2-
, ʛʜʝ L = dmid (1,3-ʜʠʪʠʘ-2-ʦʥ-4,5-ʜʠʪʠʦʣʘʪ), dmit 

(1,3-ʜʠʪʠʘ-2-ʪʠʦʥ-4,5-ʜʠʪʠʦʣʘʪ) ʠ dsit, ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ, 

ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʠʟ-ʟʘ ʦʩʘʞʜʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʝ ʧʨʦʚʦʜʷʱʝʛʦ ʥʝʡʪʨʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ [ʄʦ3S7(L)3] 

[23]. 

ɺ ʩʣʫʯʘʝ [ʄʦ3S7(L)3]
2-
, ʛʜʝ L = dmid, dmit ʠ dsit, ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʠ ʚʳʜʝʣʠʪʴ

 
ʧʨʦʜʫʢʪʳ 

ʦʢʠʩʣʝʥʠʷ ʚ ʚʠʜʝ ʥʝʡʪʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [ʄʦ3S7(L)3]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ 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 [86]. ʋʤʝʥʴʰʝʥʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʡ ʠ, 

ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʝʥʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʤʝʩʪʠʪʝʣʝʡ R ʦʙʣʝʛʯʘʝʪ 

ʦʢʠʩʣʝʥʠʝ. ɺʩʝ ʧʦʧʳʪʢʠ ʠʟʦʣʠʨʦʚʘʪʴ ʧʨʦʜʫʢʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʢʠʩʣʝʥʠʷ (Bu4N)2[ʄʦ3S7(L)3] (L = tfd, bdt, tdas ʠʣʠ mnt) ʦʢʘʟʘʣʠʩʴ ʥʝʫʜʘʯʥʳʤʠ ʣʠʙʦ ʠʟ-ʟʘ 

ʨʘʟʣʦʞʝʥʠʷ ʢʣʘʩʪʝʨʘ {Mo3S7}, ʣʠʙʦ ʠʟ-ʟʘ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ 

ʤʦʥʦʘʥʠʦʥʘ [ʄʦ3S7(L)3]
-
 ʥʘ ʜʠʘʥʠʦʥ ʠ ʥʝʡʪʨʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʣʠʙʦ ʠʟ-ʟʘ ʩʧʦʩʦʙʥʦʩʪʠ 

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{[Mo3S7I3(ɛ-I)3]2ĿI}, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʝʪʦʢ ʠʟ ʯʝʪʳʨʝʭ 

ʢʣʘʩʪʝʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʡʦʜʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ [87]. ʊʦʣʴʢʦ ʚ ʩʣʫʯʘʝ (Bu4N)2[ʄʦ3S7(L)3]  

(L = dmid, dmit ʠ dsit) ʭʠʤʠʯʝʩʢʦʝ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʡʪʨʘʣʴʥʳʤ 

ʧʨʦʜʫʢʪʘʤ [ʄʦ3S7(L)3], ʦʙʣʘʜʘʶʱʠʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ (ʩʤ. ʥʠʞʝ).  

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  1 

ɼʘʥʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ (ɽ) ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ {M3Q7} 

ʂʦʤʧʣʝʢʩ ɽ, ɺ ʦʪʥ. Ag/AgCl ʉʩʳʣʢʘ 

[Mo3S7(tdas)3]
2-
 -1.31 // +0.72 (ʦʢ.) 

[59] [Mo3S4Se3Br6]
2-
 -1.2 ð -1.4 

[Mo3S7Cl6]
2-
 -1.2 ð -1.4 

[Mo3S7Br6]
2-
 -1.15 // -1.68 

[88] 

[Mo3S7(mnt)3]
2-
 -1.04 // +0.77 (ʦʢ.) // +1.16 (ʦʢ.) 

[Mo3S7(tfd)3]
2-
 -1.22 // +0.51 (ʦʢ.) // +0.89 (ʦʢ.) 

[85] 

[Mo3S7(bdt)3]
2-
 -1.26 // +0.23 (ʦʢ.) // +0.41 (ʦʢ.) 

[Mo3S7(dmid)3]
2-
 -1.27 // +0.36 (ʦʢ.) 

[Mo3S7(dsit)3]
2-
 -1.69 // +0.34 (ʦʢ.) 

[Mo3S7(dmit)3]
2-
 -1.20 // +0.38 (ʦʢ.) 

[Mo3S7(S2)6]
2-
 -1.22 [81] 
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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 [Mo3S7(ʜʠʪʠʦʣʘʪ)3]
2-
 ʜʦ 

[Mo3S7(ʜʠʪʠʦʣʘʪ)3] ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 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 ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚʦ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ SĿĿĿS, ʘ ʥʝʙʦʣʴʰʦʡ ʟʘʟʦʨ ʧʦ ʵʥʝʨʛʠʠ ʤʝʞʜʫ HOMO ʠ LUMO ʚ 

[Mo3S7(ʜʠʪʠʦʣʘʪ)3] ʦʙʫʩʣʦʚʣʝʥ ʤʘʣʦʡ ʨʘʟʥʠʮʝʡ ʧʦ ʵʥʝʨʛʠʠ ʤʝʞʫ HOMO ʠ HOMO-1 ʚ 

[Mo3S7(ʜʠʪʠʦʣʘʪ)3]
2-
. 

ʍʠʤʠʯʝʩʢʦʝ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ (Bu4N)2[Mo3S7(dmit)3] ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ (E1/2 = 0.38 ɺ, [23]) 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 

ʢʦʥʪʘʢʪʦʚ SĿĿĿS ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʮʝʧʠ, ʦʙʨʘʟʫʶʱʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʩʝʪʴ (ʨʠʩ. 32) ʩ ʩʠʤʤʝʪʨʠʝʡ 

C3v ʠ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʤʠ MO. 

ʈʠʩ. 32. ʀʟʦʙʨʘʞʝʥʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ "ʤʝʜʦʚʳʝ ʩʦʪʳ" ʚʜʦʣʴ ʦʩʠ ʩ ʜʣʷ [Mo3S7(dmit)3] 

 

ʄʦʣʝʢʫʣʳ [Mo3S7(ʜʠʪʠʦʣʘʪ)3], ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʠʘʥʠʦʥʦʚ, ʠʥʪʝʨʝʩʥʳ ʩ ʤʘʛʥʠʪʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʧʠʥ ʩʠʩʪʝʤʳ ʜʦʣʞʝʥ ʙʳʪʴ S = 1. 

ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ [Mo3S7L3], L = dmit, 

dmit ʠ dsit, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʧʨʝʨʳʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ɢȚʊ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ (ʨʠʩ. 33ʘ). ʇʨʠ 
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ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʥʘʯʝʥʠʷ ɢȚʊ ʷʚʥʦ ʥʠʞʝ ʦʞʠʜʘʝʤʳʭ ʜʣʷ ʪʨʠʧʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʤʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʥʝʩʧʘʨʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ [Mo3S7(ʜʠʪʠʦʣʘʪ)3]. ʄʘʛʥʠʪʥʦʝ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʚ 

ʪʝʨʤʠʥʘʭ ʦʜʥʦʤʝʨʥʦʡ ʦʙʤʝʥʥʦʡ ʩʝʪʢʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʩʧʠʥʦʚ S = 0 ʠ S = 1 [23]. 

ʕʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ [Mo3S7L3], L = dmit, dmit ʠ dsit ʠʟʤʝʨʷʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭʪʦʯʝʯʥʦʛʦ ʤʝʪʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʜʣʷ ʩʧʨʝʩʩʦʚʘʥʥʳʭ ʚ ʛʨʘʥʫʣʳ 

ʧʦʨʦʰʢʦʚʳʭ ʠ/ʠʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʘʟʳ 

[Mo3S7(dmit)3] ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [Mo3S7(dmit)3] 

ʚʜʦʣʴ ʦʩʠ ʩ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʣʷʝʪ 25 ʉʤ/ʩʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʫʜʚʘʠʚʘʝʪʩʷ ʧʨʠ 

ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ (10 ʢʙʘʨ). ʕʣʝʢʪʨʦʥʥʘʷ 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] ʧʦʣʫʯʝʥʳ ʙʦʣʝʝ ʫʤʝʨʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ (ů = 9Ț10
-2
 ʉʤ/ʩʤ, ɽʘ = 220 ʤʵɺ) [23, 84]. 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩʧʠʥ-ʧʦʣʷʨʠʟʘʮʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Mo3S7(dmit)3] 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʯʝʥʴ ʙʣʠʟʢʦ ʧʦ ʵʥʝʨʛʠʠ ʢ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤʫ 

ʠ ʣʠʰʴ ʥʘ 0.02 ʵɺ ʥʘ ʤʦʣʝʢʫʣʫ ʥʠʞʝ ʧʦ ʵʥʝʨʛʠʠ,ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʈʘʩʯʝʪʳ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʜʦʣʴ ʦʩʠ ʩ (ʨʠʩ. 33ʙ) ʜʣʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ, ʪʘʢ ʯʪʦ ʢʦʤʧʣʝʢʩ [Mo3S7(dmit)3] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʥʦʤʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʩ ʥʝʙʦʣʴʰʦʡ (ʥʦ ʥʝ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ) ʜʠʩʧʝʨʩʠʝʡ 

ʚʜʦʣʴ ʩ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʥʘ ʫʨʦʚʥʝ ʌʝʨʤʠ (ʦʢʦʣʦ 200 

ʤʵɺ), ʪʝʩʥʦ ʩʚʷʟʘʥʳʡ ʩ ʥʝʙʦʣʴʰʠʤ ʟʘʟʦʨʦʤ ʧʦ ʵʥʝʨʛʠʠ ʤʝʞʜʫ HOMO ʠ HOMO-1 ʦʨʙʠʪʘʣʷʤʠ ʚ 

ʜʠʘʥʠʦʥʥʦʤ ʧʨʝʢʫʨʩʦʨʝ [Mo3S7(dmit)3]
2-
 [23]. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʚʦʜʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ [Mo3S7(dmit)3], 

[Mo3S7(dmid)3] ʠ [Mo3S7(dsit)3] ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʨʦʚʦʜʷʱʠʝ 

ʩʚʦʡʩʪʚʘ, ʪʘʢʞʝ ʦʪʚʝʯʘʶʪ ʠ ʟʘ ʤʘʛʥʠʪʥʳʝ [23, 84]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ J ʠ J' (ʨʠʩ. 33ʚ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ J 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʤʝʥʫ ʤʝʞʜʫ ʜʠʪʠʦʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʢ ʨʘʟʥʳʤ ʮʝʧʦʯʢʘʤ, 

ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ J' ï ʦʙʤʝʥʫ ʤʝʞʜʫ ʜʠʪʠʦʣʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʢ ʦʜʥʦʡ 

ʮʝʧʦʯʢʝ ʢʣʘʩʪʝʨʦʚ. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʢʘʞʜʳʡ ʤʘʛʥʠʪʥʳʡ ʢʣʘʩʪʝʨ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ 

ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʜʚʘ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘ, ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʧʦ 

ʪʨʝʤ ʬʨʘʛʤʝʥʪʘʤ, ʚ ʢʦʪʦʨʦʡ ʢʦʥʢʫʨʠʨʫʶʪ ʜʚʘ ʪʠʧʘ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 
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ɻʠʧʦʪʝʪʠʯʝʩʢʦʝ ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʪʚʝʨʜʦʛʦ [Mo3S7(dmit)3] ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʥʘ 50 ʤʵɺ 

ʥʘ ʤʦʣʝʢʫʣʫ ʚʳʰʝ ʧʦ ʵʥʝʨʛʠʠ, ʯʝʤ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʦʧʠʩʘʥʦ ʜʣʷ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʩʦʣʠ (ʄʝ-3,5-DIP)[Ni(dmit)2]2 (ʄʝ-3,5-DIP = N-ʤʝʪʠʣ-3,5-

ʜʠʡʦʜʦʧʠʨʠʜʠʥʠʡ), ʚ ʢʦʪʦʨʦʡ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʩ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʝʤ ʚʦʟʥʠʢʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ ʩʯʝʪ -́ʵʣʝʢʪʨʦʥʦʚ 

ʬʨʘʛʤʝʥʪʘ Ni(dmit)2 [5, 89]. 

ʈʠʩ. 33. 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 ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ SĿĿĿS, ʦʪʚʝʯʘʶʱʠʝ ʟʘ 

ʧʨʦʚʦʜʷʱʝ ʩʚʦʡʩʪʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʜʚʘ ʩʦʩʝʜʥʠʭ ʢʣʘʩʪʝʨʘ ʚ ʮʝʧʦʯʢʝ ʠ ʦʜʠʥ ʣʠʛʘʥʜ dmit ʥʘ ʢʣʘʩʪʝʨ, 

ʤʦʩʪʠʢʦʚʳʝ ʜʠʩʫʣʴʬʠʜʳ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ; ʚ) ʆʙʤʝʥʥʘʷ ʩʝʪʴ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ J ʠ J' [23, 84] 

 

1.2.1.2. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {M3Q4} 

ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ. ʉʭʝʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʄʆ ʜʣʷ ʢʣʘʩʪʝʨʦʚ {M3Q4} (M = 

Mo, W; Q = S, Se) ʚ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ C3v-ʩʠʤʤʝʪʨʠʠ ʜʘʝʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʚʷʟʳʚʘʥʠʶ 

ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʪʨʠ ʩʚʷʟʳʚʘʶʱʠʭ (1a1, 1ʝ), ʦʜʥʫ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʥʝʩʚʷʟʳʚʘʶʱʫʶ (2ʘ1) 

ʠ ʧʷʪʴ ʨʘʟʨʳʭʣʷʶʱʠʭ (2ʝ, 3ʝ, ʘ2) ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ (ʨʠʩ. 34) [80, 90]. ʉʦʛʣʘʩʥʦ ʵʪʦʡ 

ʩʭʝʤʝ ʢʣʘʩʪʝʨʳ {M3Q4}, ʢʘʢ ʠ {M3Q7}, ʩʪʘʙʠʣʴʥʳ, ʢʦʛʜʘ ʟʘʧʦʣʥʝʥʳ ʚʩʝ ʪʨʠ ʩʚʷʟʳʚʘʶʱʠʝ 

ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʦʨʙʠʪʘʣʠ 1a1 ʠ 1ʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʤ ʩʚʷʟʷʤ ʄ-ʄ (ʯʠʩʣʦ ʂCʕ 

ʨʘʚʥʦ 6). ɹʦʣʴʰʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʟʘʟʦʨ ʤʝʞʜʫ ʦʨʙʠʪʘʣʷʤʠ 1e ʠ 2a1 ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʣʘʩʪʝʨʦʚ ʩ 7 ʠ 8 ʂʉʕ (ʩ ʯʘʩʪʠʯʥʳʤ ʠʣʠ ʧʦʣʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʥʝʩʚʷʟʳʚʘʶʱʝʡ ʦʨʙʠʪʘʣʠ 2ʘ1) 

[91], ʥʦ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʠ ʜʘʞʝ ʙʦʣʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʜʝʚʷʪʠʵʣʝʢʪʨʦʥʥʦʝ ʤʦʛʫʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʳ ʥʘ ʧʨʘʢʪʠʢʝ ʧʫʪʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʩʝʤʠʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ: [Cp*3Mo3S4] [92], [Mo3S4Cl3(dppe)2(PEt3)] [93] ʠ 

[Mo3S4X3(dppe)3] (X = Br ʠʣʠ ʩʤʝʩʴ 2.6Br/0.4Cl) [94]. 
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ʈʠʩ. 34. ʋʧʨʦʱʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʜʣʷ ʢʣʘʩʪʝʨʦʚ {M3Q4} (ʄ = Mo, W; Q = S, Se) ʜʣʷ 

ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʩʠʤʤʝʪʨʠʠ C3v 

 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ) ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʰʝʩʪʠʵʣʝʢʪʨʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ {Mo3S4} ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʦʣʠʙʜʝʥʘ ʚ ʩʪʝʧʝʥʠ 

ʦʢʠʩʣʝʥʠʷ +4 [95-98]. 

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. 35), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʚʷʟʴ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ ʚʥʫʪʨʠ {Mo3} ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʨʝʤʷ ʜʠʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʙʘʩʩʝʡʥʘʤʠ V(ʄʦ, ʄʦ) ʠ ʦʜʥʠʤ ʪʨʠʩʠʥʘʧʪʠʯʝʩʢʠʤ 

ʙʘʩʩʝʡʥʦʤ V(ʄʦ, ʄʦ, ʄʦ). ʈʘʩʯʝʪʳ ʟʘʩʝʣʝʥʥʦʩʪʠ ʙʘʩʩʝʡʥʘ ʠ ʢʦʚʘʨʠʘʮʠʡ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ Mo-(ɛ2-S)-Mo [99, 100]. ʆ ʧʦʜʦʙʥʦʡ 

ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʜʘʚʘʣʠ ʧʦʥʷʪʴ ʠ ʙʦʣʝʝ ʨʘʥʥʠʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʢʦʪʦʨʳʝ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʦʝ ʩʚʷʟʳʚʘʥʠʝ Mo(d)-S(ʨ́ ), ʧʨʠʚʦʜʷʱʝʝ ʢ 

ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʤʢʥʫʪʦʡ d-ʨ́  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 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʨʘʩʯʝʪʳ ab initio ʧʦ ʍʘʨʪʨʠ-ʌʦʢʫ [101-105]. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ "ʢʚʘʟʠ-ʘʨʦʤʘʪʠʯʥʦʩʪʠ" 

ʛʝʪʝʨʦʮʠʢʣʦʚ {M3OnQ4-n} (M = Mo, W; Q = S, Se; n = 0-4) ʦʙʲʷʩʥʝʥʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʘʩʪʝʨʦʚ {M3Q4}, ʥʘʧʨʠʤʝʨ, ʩʧʦʩʦʙʥʦʩʪʴ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʭ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʘʥʘʣʦʛʦʚ {M3OnX4-n}(X = Cl, Br; n = 0-4), ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʫʙʘʥʦʚʳʝ ʢʣʘʩʪʝʨʳ ʧʦ 

ʩʭʝʤʝ [3+1]. ʉʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʜʥʠʤ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʦʪʣʠʯʠʡ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʝ d-ʨ́ ʩʚʷʟʳʚʘʥʠʝ ʚ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, 

ʠʩʢʣʶʯʘʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʣʴʥʦʡ ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʥʝʧʦʜʝʣʝʥʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʥʦʚ 

ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʧʦ ʚʘʢʘʥʪʥʳʤ d-ʦʨʙʠʪʘʣʷʤ ʤʝʪʘʣʣʘ. ɼʨʫʛʦʝ ʦʪʣʠʯʠʝ ï ɻ ʪʦ 
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ʢʦʥʢʫʨʝʥʮʠʷ d-ʦʨʙʠʪʘʣʝʡ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʄ-ʄ ʠ ́-ʩʚʷʟʳʚʘʥʠʝ M-X ʚʦ ʬʨʘʛʤʝʥʪʝ {ʄ3(ɛ2-X)3} ʚ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ʕʪʘ ʢʦʥʢʫʨʝʥʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʩʣʘʙʣʝʥʠ ʁd-ʨ́  ʩʚʷʟʳʚʘʥʠʷ ʠ 

ʫʩʠʣʝʥʠ ʁʩʚʷʟʳʚʘʥʠʷ 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 {M3Q4}
4+
 (X = S, Se, n = 0-4). ʕʪʠ ʜʚʝ ʧʨʠʯʠʥʳ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʣʘʙʫʶ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ [3+1] ʧʨʠʩʦʝʜʠʥʝʥʠʠ [106]. 

 

ʈʠʩ. 35. ɼʠʘʛʨʘʤʤʘ ʜʝʨʝʚʘ ʙʠʬʫʨʢʘʮʠʡ ELF ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3S4Cl3(PH3)6]
+
 [99] 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʈʝʜʦʢʩ-ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ ʩʝʤʝʡʩʪʚʘ {M3Q4}
4+
 ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ (ʊʘʙʣʠʮʘ 2). 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
). ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʦʣʥʝʥʠʝ 

ʥʝʩʚʷʟʳʚʘʶʱʝʡ ʠ ʨʘʟʨʳʭʣʷʶʱʝʡ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʄʆ 2ʘ1 ʠ 2ʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʘʱʝ 

ʚʩʝʛʦ ʧʝʨʚʳʡ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ ʠʣʠ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʳʤ, ʘ 

ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʥʦʩʷʪ ʥʝʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ. ʇʦʜ ʦʙʨʘʪʠʤʦʩʪʴʶ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦ 

ʪʝʢʩʪʫ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʢʘʢ ʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʪʠʤʦʩʪʴ (ʦʜʥʘ ʠ ʪʘ ʞʝ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʦʙʦʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ), ʪʘʢ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʪʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʣʝʜʫʶʱʠʤ 

ʢʨʠʪʝʨʠʷʤ:(ʘ) ʦʪʥʦʰʝʥʠʝ ip(ʘ)/ip(ʩ) ʨʘʚʥʦ 1, (ʙ) ʨʘʟʥʠʮʘ ʤʝʞʜʫ Ep(c) ʠ Ep(a) ʙʣʠʟʢʘ ʢ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ 60 ʤɺ ʜʣʷ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, (ʚ) 

ʧʨʦʠʟʚʝʜʝʥʠʝ ipÖu
-1/2 
ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ [107]. ʍʠʤʠʯʝʩʢʠ ʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʵʪʠʭ ʫʩʣʦʚʠʡ, ʦʪʥʦʩʷʪʩʷ ʢ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʳʤ. ʇʦʜ 

ʥʝʦʙʨʘʪʠʤʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʪʠʤʦʩʪʠ. 

ʂʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʣʝʛʯʝ ʩʚʦʠʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʘʥʘʣʦʛʦʚ. ʂ 

ʧʨʠʤʝʨʫ, ʧʦʪʝʥʮʠʘʣ ʧʦʣʫʚʦʣʥʳ ʧʝʨʚʦʛʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʜʠʬʦʩʬʠʥʘʤʠ [ʄ3S4Br3(dmpe)3](PF6) (M = Mo, W; dmpe = 1,2-ʙʠʩ(ʜʠʤʝʪʠʣʬʦʩʬʠʥʦ)ʵʪʘʥ) 

ʨʘʚʝʥ ɽ1/2 = -0.56 ʠ E1/2 = -0.95 ɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [108]. ɼʣʷ ʘʮʝʪʠʣʘʮʝʪʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
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[M3Q4(acac)3(py)3]
+
 (M = Mo, W; Q = S, Se; acac ï ʘʮʝʪʠʣʘʮʝʪʦʥʘʪ, py ï ʧʠʨʠʜʠʥ) ʥʘʡʜʝʥʦ, ʯʪʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʪʨʫʜʥʷʝʪʩʷ ʚ ʨʷʜʫ: Mo3S4 > Mo3Se4 > W3Se4 > W3S4. ʎɺɸ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ 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 [109].  

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʣʦʩʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʝʨʠʠ ʪʨʝʭʲʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [ʄ3Q4(ʜʠʬʦʩʬʠʥ)3X3](PF6) (ʄ = ʄʦ, W; Q = Se, S; X = Cl, Br; ʜʠʬʦʩʬʠʥ ð dmpe, 

dppe). ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 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); ɽ1/2 = -0.91, -1.12 ʠ -1.41 ɺ ʦʪʥ. Ag/AgCl (M = 

W). ʂʦʤʧʣʝʢʩʳ ʩ dppe ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʤʫ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

(ɽ1/2 ʦʪ -0.50 ʜʦ -0.95 ɺ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʝʦʙʨʘʪʠʤʳʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ (ɽ1/2 ʦʪ -

1.09 ʜʦ -1.62 ɺ) [110]. ʃʝʛʢʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣ ̫[ʄ3Q4(dppe)3X3]
+
 ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ: 

Mo3S4 > Mo3Se4 > W3Se4 > W3S4, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ dmpe 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ: Mo3S4 > Mo3Se4 > W3S4 > W3Se4. 

ʇʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʨʝʜʦʢʩ-ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

{Mo3S4}. ʂ ʧʨʠʤʝʨʫ, ʢʦʤʧʣʝʢʩ [ʄʦ3S4Cl3(dmpe)3](PF6) ʧʦʢʘʟʳʚʘʝʪ ʪʨʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ 

ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ -0.64, -0.85 ʠ -1.38 ɺ ʚ ʘʮʝʪʦʥʝ [111], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʜʚʘ ʧʨʦʮʝʩʩʘ ʧʨʠ -0.69 ʠ -1.38 ɺ, ʧʝʨʚʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ [108]. 

ɺ ʦʪʩʫʩʪʚʠʠ ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʣʠʛʘʥʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʦʢʠʩʣʝʥʠʶ (ʩʤ. ʥʠʞʝ), ʢʦʤʧʣʝʢʩʳ 

{M3Q4}
4+
 ʦʙʳʯʥʦ ʥʝ ʩʢʣʦʥʥʳ ʢ ʦʢʠʩʣʝʥʠʶ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʩ 

ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʦʤ (Cp') [(Cp')3ʄ3S4]
+
 (ʄ = Mo, W), ʢʦʪʦʨʳʝ ʧʦʤʠʤʦ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʘʢʞʝ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ [112] 

ʧʨʠ +1.19 ʠ +1.60 ɺ (ʦʪʥ. Hg/Hg2Cl2). ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʪʨʘʛʠʚʘʝʪ ʫʜʘʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩʦ 

ʩʚʷʟʳʚʘʶʱʝʡ ʤʝʪʘʣʣ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʦʨʙʠʪʘʣʠ 1ʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ ʧʘʨʝ Mo
IV
/Mo

V
. 

ʆʧʠʩʘʥʳ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʳ [Mo3Q4(ʦ-P2)3Cl3](PF6) (Q = S, Se), ʩʦʜʝʨʞʘʱʠʝ 

ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʡ 3,4-ʜʠʤʝʪʠʣ-3,4-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ (ʦ-P2, ʨʠʩ. 36), 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ [ʄʦ3Q4(dppe)3Cl3](PF6), ʚ ʢʦʪʦʨʳʭ ʵʪʠʣʴʥʳʡ 

ʤʦʩʪʠʢʦʚʳʡ ʬʨʘʛʤʝʥʪ 1,2-ʙʠʩ(ʜʝʬʠʥʠʣʬʦʩʬʠʥʦ)ʵʪʘʥʘ ʟʘʤʝʥʝʥ ʥʘ ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥʦʚʳʡ 

ʬʨʘʛʤʝʥʪ, ʘ ʬʝʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʧʨʠ ʘʪʦʤʘʭ ʬʦʩʬʦʨʘ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ [113]. TTF-

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʜʠʬʦʩʬʠʥ ʚ ʩʚʦʙʦʜʥʦʤ ʚʠʜʝ ʜʘʝʪ ʜʚʘ ʦʙʨʘʪʠʤʳʭ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ 

ʨʝʜʦʢʩ-ʧʨʦʮʝʩʩʘ ʧʨʠ ɽ1/2 = 0.46 ɺ ʠ 0.91 ɺ (ʦʪʥ. Ag/AgCl). ɺ ʮʠʢʣʠʯʝʩʢʠʭ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘʭ 
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ʢʦʤʧʣʝʢʩʦʚ [Mo3Q4(ʦ-P2)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 

ʚʦʣʥʳ ʦʢʠʩʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ 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). ʇʝʨʚʳʡ ʠ ʚʪʦʨʦʡ 

ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʚʢʣʶʯʘʶʪ ʦʜʥʦ ʠ ʪʦ ʞʝ ʯʠʩʣʦ ʧʝʨʝʥʦʩʠʤʳʭ ʵʣʝʢʪʨʦʥʦʚ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʥʝʩʝʥʳ ʢ ʧʘʨʘʤ [Mo3Q4(ʦ-P2)3Cl3]
+
/
4+
 ʠ [Mo3Q4(ʦ-P2)3Cl3]

2+
/
7+
. ʇʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ 

[Mo3Q4(ʦ-P2)3Cl3](PF6)4 ʚʳʜʝʣʝʥʳ ʚ ʨʝʘʢʮʠʷʭ [Mo3Q4(ʦ-P2)3Cl3](PF6) ʩ ʠʟʙʳʪʢʦʤ NOPF6 ʚ 

CH2Cl2 ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʅʝʩʫʱʝʩʪʚʝʥʥʦʝ ʫʰʠʨʝʥʠʝ ʚʦʣʥ ʦʢʠʩʣʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʥʫʪʨʠ- ʠʣʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ TTF-ʬʨʘʛʤʝʥʪʘʤʠ. 

 

ʈʠʩ. 36. ʉʪʨʦʝʥʠʝ 3,4-ʜʠʤʝʪʠʣ-3,4-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥʘ (ʦ-P2) 

 

ʇʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʦ-P2 ʢ ʢʣʘʩʪʝʨʘʤ {ʄʦ3Q4} ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʘʥʦʜʥʳʡ ʩʜʚʠʛ 

(115 ʠ 220 ʤɺ ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʪʝʥʮʠʘʣʘʤʠ ʦʢʠʩʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʠʤ ʣʠʛʘʥʜʦʤ [114]. ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʘʤʝʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠʣʠ 

ʩʚʷʟʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʦʤ TTF ʠ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʤ. ʂʚʘʥʪʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʣʠʛʘʥʜʦʚ ʦ-P2 ʢ ʢʣʘʩʪʝʨʫ ʧʦ ů-ʩʚʷʟʷʤ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ 

ʠʩʢʣʶʯʘʝʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʩʚʷʟʳʚʘʁɦ ʠʝ/ʨʘʟʨʳʭʣʷʶʱʠʝ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʦʩʪʫʧʥʳʤʠ d-

ʦʨʙʠʪʘʣʷʤʠ ʤʦʣʠʙʜʝʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʦʣʷʮʠʠ ʣʠʛʘʥʜʦʚ ʩ ʠʟʙʳʪʢʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʥʘ ́-ʩʠʩʪʝʤʝ, ʢʘʢ ʫʞʝ ʥʘʙʣʶʜʘʣʦʩʴ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ [(ʦ-P2)M(CO)4] (ʄ = ʄʦ, 

W) [115]. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤʠ TTF ʯʝʨʝʟ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢ ʢʣʘʩʪʝʨʫ ʘʪʦʤʳ ʬʦʩʬʦʨʘ, ʦʪʩʫʪʩʪʚʫʝʪ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, HOMO-ʦʨʙʠʪʘʣʠ ʚ 

[Mo3S4(ʦ-P2)3Cl3]
+
 ʷʚʣʷʪʁʩʷ ʪʨʠʞʜʳ ʚʳʨʦʞʜʝʥʥr ʤʠ ʠ ʣʦʢʘʣʠʟʦʚʘʥ rʥʘ ́-ʩʠʩʪʝʤʘʭ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ (ʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ) ʣʠʛʘʥʜʦʚ ʦ-P2 [113]. 

ɺ ʢʦʤʧʣʝʢʩʘʭ [Mo3S7L3]
2-
 (L = tfd, bdt, dmid, dsit), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʦʢʠʩʣʷʪʴʩʷ ʟʘ 

ʩʯʝʪ ʵʣʝʢʪʨʦʘʢʪʠʚʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʜʠʪʠʦʣʝʥʘ (ʩʤ. ʚʳʰʝ), ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʘʷ 

ʢʘʨʪʠʥʘ. ɺ ɻʪʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ [Mo3S4(ʦ-P2)3Cl3]
+
, ́-ʩʠʩʪʝʤʳ ʪʨʝʭ ʜʠʪʠʦʣʘʪʥʳʭ 

ʣʠʛʘʥʜʦʚ ʦʙʲʝʜʠʥʷʶʪʩʷ ʯʝʨʝʟ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ, HOMO ʩʠʤʤʝʪʨʠʠ "ʝ" ʜʝʣʦʢʘʣʠʟʦʚʘʥʘ 

ʢʘʢ ʥʘ ʣʠʛʘʥʜʝ, ʪʘʢ ʠ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʥʦʤ ʷʜʨʝ [84]. 

ʂʦʤʧʣʝʢʩʳ [Mo3S4(ʜʠʪʠʦʣʘʪ)3]
2- 
ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʞʝʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʯʪʦ ʠ [Mo3S7(ʜʠʪʠʦʣʘʪ)3]
2-
, ʠ ʦʢʠʩʣʷʶʪʩʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʘʭ, ʩʜʚʠʥʫʪʳʭ ʚ ʘʥʦʜʥʫ ʁʦʙʣʘʩʪʴ 
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ʧʨʠʤʝʨʥʦ ʥʘ 0.2 ɺ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ {Mo3S7}. ɻʨʘʥʠʯʥʳʝ ʦʨʙʠʪʘʣʠ HOMO ʠ 

HOMʆ-1 ʜʣʷ ʉ3-ʩʠʤʤʝʪʨʠʯʥʳʭ ʘʥʠʦʥʦʚ [Mo3S4(ʜʠʪʠʦʣʘʪ)3]
2- 
ʠʤʝʶʪ ʩʠʤʤʝʪʨʠʠ "ʝ" ʠ "ʘ", 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ [Mo3S7(ʜʠʪʠʦʣʘʪ)3]
2-
, ʦʜʥʘʢʦ ʚʢʣʘʜ ʣʠʛʘʥʜʘ ʚ HOMO 

ʫʤʝʥʴʰʘʝʪʩʷ (ʚ ʧʨʝʜʝʣʘʭ 4-10%). ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, HOMO-ʦʨʙʠʪʘʣʠ ʜʣ ̫ʚʩʝʭ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʷʚʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʛʘʥʜ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ [5]. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  2 

ɼʘʥʥʳʝ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ (ɽ) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩʝʤʝʡʩʪʚʘ {M3Q4} 

ʂʦʤʧʣʝʢʩ ɽ, ɺ ʦʪʥ. Ag/AgCl ʉʩʳʣʢʘ 

[Mo3S4(H2O)9]
4+

 -0.54 // -1.10 // -1.83 

[15] [Mo3S4(dmpe)3Cl3]
+
 -0.69 // -1.38 

[Mo3S4(dmpe)3Br3]
+
 -0.56 // -1.20 

[Mo3S4(acac)3(py)3]
+
 -0.75 // -0.97 

[109] 
[Mo3Se4(acac)3(py)3]

+
 -0.86 // -0.99 

[W3S4(acac)3(py)3]
+
 -1.36 // -1.56 

[W3Se4(acac)3(py)3]
+
 -1.06 // -1.19 

[W3S4(dppe)3H3]
+
 -1.56 // -2.03 

[108] 

[W3S4(dppe)3Br3]
+
 -0.94 // -1.62 

[W3S4(dmpe)3Br3]
+
 -0.95 // -1.34 

[Mo3S4(dppe)3Cl3]
+
 -0.50 // -1.34 

[Mo3S4(dppe)3Br3]
+
 -0.39 // -1.15 

[Mo3Se4(dmpe)3Cl3]
+
 -0.60 // -1.21 

[110] 

[Mo3Se4(dmpe)3Br3]
+
 -0.54 // -0.87 // -1.20 

[Mo3Se4(dppe)3Br3]
+
 -0.46 // -1.09 

[W3Se4(dppe)3Br3]
+
 -0.92 // -1.43 

[Mo3Se4(dppe)3Cl3]
+
 -0.52 // -1.25 

[W3Se4(dmpe)3Br3]
+
 -0.91 // -1.12 // -1.41  

[Mo3S4(ʦ-P2)3Cl3]
+
,  

ʦ-P2 = 3,4-ʜʠʤʝʪʠʣ-3,4-ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)-

ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ 

-0.46 // 0.58 // 1.14 
[113] 

[Mo3Se4(ʦ-P2)3Cl3]
+
 -0.48 // 0.55 // 1.12 

[Mo3S4(bdt)3] -1.42 // 0.47 // 0.65 

[5] 
[Mo3S4(tdas)3] -1.36 // 0.86 

[Mo3S4(dmid)3] -1.10 // 0.57 

[Mo3S4(dmit)3] -1.33 // 0.57 

[(Cp')3W3S4]
+
 -1.16 // +1.60 (ʦʪʥ. Hg/Hg2Cl2) 

[112] 
[(Cp')3Mo3S4]

+
 -0.81 // +1.19 (ʦʪʥ. Hg/Hg2Cl2) 

 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʨʠʤʝʨʦʚ ʤʘʛʥʠʪʥʦ-ʘʢʪʠʚʥʳʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ {M3Q4} ʩ 

ʯʠʩʣʦʤ ʂʉʕ > 6 ʥʝʤʥʦʛʦ. ɼʦʙʘʚʣʝʥʠʝ ʩʝʜʴʤʦʛʦ ʵʣʝʢʪʨʦʥʘ ʢ ʢʣʘʩʪʝʨʥʦʤʫ ʷʜʨʫ {Mo3S4} ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʥʠʞʝʥʠʶ ʩʠʤʤʝʪʨʠʠ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʗʥʘ-ʊʝʣʣʝʨʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 

[(Cp*)3Mo3S4] [92]. 
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ʇʘʨʘʤʘʛʥʠʪʥʳʡ ʢʦʤʧʣʝʢʩ [Mo3S4Cl3(dppe)2(PEt3)] (7 ʂʉʕ) ʧʦʣʫʯʝʥ ʚ ʨʝʘʢʮʠʠ Mo3S7Cl4 ʩ 

PEt3 ʩ ʧʦʩʣʝʜʫʶʱʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʤʘʛʥʠʝʤ ʧʨʠ -20̄ʉ ʠ ʜʦʙʘʚʣʝʥʠʝʤ dppe. ʈʘʟʤʝʱʝʥʠʝ 

ʩʝʜʴʤʦʛʦ ʵʣʝʢʪʨʦʥʘ ʥʘ ʨʘʟʨʳʭʣʷʶʱʝʡ ʦʨʙʠʪʘʣʠ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤ ʢʣʘʩʪʝʨʝ {Mo3S4}
3+
 

ʧʨʠʚʦʜʠʪ ʢ ʫʜʣʠʥʝʥʠʶ ʩʚʷʟʝʡ Mo-Mo (2.806 ¡) ʥʘ 0.05-0.07 ¡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʬʦʩʬʠʥʦʚʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ {Mo3S4}
4+
 [93]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʰʝʩʪʠʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʪʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3S4X3(dppe)3]
+
 c ʛʘʣʣʠʝʤ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʡʪʨʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʫ [Mo3S4X3(dppe)3] (X = Br ʠʣʠ ʩʤʝʩʴ 2.6Br/0.4Cl) ʩ 7 ʂʉʕ 

[94]. ʇʘʨʘʤʘʛʥʠʪʥʳʡ ʭʘʨʘʢʪʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʝʥ ʤʝʪʦʜʦʤ 

ʕʇʈ ʠ ʠʟʤʝʨʝʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʨʠʩ. 37). ɿʥʘʯʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʦʣʷʨʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ (ɢmĿʊ) ʧʨʠ 300ʂ ʩʦʩʪʘʚʣʷʶʪ 0.40 ʩʤ
3
ÖK/ʤʦʣʴ (X = 

Br) ʠ 0.35 ʩʤ
3
ÖK/ʤʦʣʴ (X = 2.6Br/0.4Cl)), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʦʜʥʦʛʦ ʥʝʩʧʘʨʝʥʥʦʛʦ 

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. 38) ʦʯʝʥʴ ʧʦʭʦʞʠ ʠ ʧʦʢʘʟʳʚʘʶʪ ʩʣʘʙʳʡ ʦʜʠʥʦʯʥʳʡ ʩʠʛʥʘʣ 

ʥʠʞʝ ~100-125K, 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%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʪʦʪ ʬʘʢʪ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʥʠʞʝ ʧʨʠʤʝʨʥʦ 80K ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ 

ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʦʜʥʦʤ ʠʟ ʪʨʝʭ ʮʝʥʪʨʦʚ Mo ʚ ʢʣʘʩʪʝʨʝ Mo3, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʪʨʝʫʛʦʣʴʥʠʢʘ Mo3. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣ ̫

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ Mo-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʦʢʩʦʤʝʪʘʣʣʘʪʦʚ ʪʠʧʘ ʂʝʛʛʠʥʘ (BEST)3H[PMo12O40] ʠ 

(BEDT)8[SiW12O40] (BEST ï ʙʠʩ(ʵʪʠʣʝʥʜʠʩʝʣʝʥʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ, BEDT ï 

ʙʠʩ(ʵʪʠʣʝʥʜʠʪʠʦ)ʪʝʪʨʘʪʠʘʬʫʣʴʚʘʣʝʥ) [116, 117]. 

 

ʈʠʩ. 37. ɼʠʘʛʨʘʤʤʘ ʂʶʨʠ ʟʘʚʠʩʠʤʦʩʪʠ ɢmȚʊ~ʊ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ [Mo3S4X3(dppe)3], X = Br (ʩʣʝʚʘ) ʠ X = 2.6Br/0.4Cl 

(ʩʧʨʘʚʘ) 
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ʈʠʩ. 38. ʇʦʨʦʰʢʦʚʳʝ ʩʧʝʢʪʨʳ ʕʇʈ ʚ Q-ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4X3(dppe)3] ʘ) X = Br ʠ ʙ) X = 2.6Br/0.4Cl 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʎʠʬʨʳ /2, /5 ʠ /10 ï ɻʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʛʨʘʬʠʢʦʚ ʧʦ ʘʤʧʣʠʪʫʜʝ 

 

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʦʜʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3S4(dpe)3Br3]
q
 (dpe = 1,2-

ʜʠʬʦʩʬʠʥʦʵʪʘʥ; q = 0, +1) ʧʦʜʪʚʝʨʞʜʘʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʢʘʞʝʥʠʝ ʧʦ ʗʥʫ-ʊʝʣʣʝʨʫ ʠʟ-ʟʘ 

ʧʦʷʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʩʝʜʴʤʦʛʦ ʵʣʝʢʪʨʦʥʘ. ɼʣʷ ʢʣʘʩʪʝʨʘ [Mo3S4(dpe)3Br3]
+
 ʩ 6 ʂʉʕ ʠ ʦʩʴʶ C3 

LUMO ʦʨʙʠʪʘʣʴ ʜʚʘʞʜʳ ʚʳʨʦʞʜʝʥʘ ʠ ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʶ "ʝ". ɼʦʙʘʚʣʝʥʠʝ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ 

ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʚʳʨʦʞʜʝʥʥʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ 
2
ɽ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʦ ʧʦʥʠʞʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʠ ʩʥʷʪʠʝʤ ʚʳʨʦʞʜʝʥʠʷ. ʈʘʩʯʝʪʳ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʢʣʘʩʪʝʨʘ [Mo3S4(dpe)3Br3] (ʩʠʤʤʝʪʨʠʷ ʉ1) ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ ʷʜʨʘ Mo3 

ʜʦ ʦʩʪʨʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʧʦ ʵʥʝʨʛʠʠ "ʝ" ʦʨʙʠʪʘʣʝʡ. ʇʨʠ ʵʪʦʤ 

ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ ʟʘʥʠʤʘʝʪ ʦʨʙʠʪʘʣʴ, ʣʦʢʘʣʠʟʦʚʘʥʥʫʶ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʦʜʥʦʤ ʠʟ ʘʪʦʤʦʚ 

ʄʦ, ʧʨʠʚʦʜʷ ʢ ʩʧʠʥ-ʧʦʣʷʨʠʟʘʮʠʠ [94]. 

ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʦ ʨʝʜʢʦʤ ʧʨʠʤʝʨʝ ʢʣʘʩʪʝʨʘ ʨʝʥʠʷ(IV), 

[Re3S4(dppe)3Br3]
+
 [118], ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ Re3S7Br7 ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʬʦʩʬʠʥʦʤ (dppe) ʚ CH3CN, 

ʠʤʝʶʱʝʛʦ ʩʭʦʞʝʝ ʩ ʢʣʘʩʪʝʨʦʤ {Mo3S4} ʩʪʨʦʝʥʠʝ, ʥʦ ʩʦʜʝʨʞʘʱʝʛʦ ʜʝʚʷʪʴ ʂʉʕ ʚʤʝʩʪʦ h ʝʩʪʠ. 

ʂʣʘʩʪʝʨ ʠʤʝʝʪ ʥʝʦʙʳʯʥʦʝ ʢʚʘʜʨʫʧʣʝʪʥʦʝ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʨʠʩ. 39) ʩ ʪʨʝʤʷ ʥʝʩʧʘʨʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ, ʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ɛeff (3.87 ʄ.ɹ.) ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

30-300ʂ ʛʦʚʦʨʠʪ ʦ ʧʦʯʪʠ ʠʜʝʘʣʴʥʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ. 
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ʈʠʩ. 39. ɻʨʘʬʠʢ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ɛeff (ʩʣʝʚʘ) ʠ ʩʧʝʢʪʨʳ 

ʕʇʈ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Re3S4(dppe)3Br3]BrȚ3CH3CN ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 4-300K (ʩʧʨʘʚʘ) 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [M3Q4(dmpe)3ʍ3]
+
 (M = Mo, W; 

Q = S, Se; ʍ = Cl, Br) ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ ʪʝʨʤʠʥʘʣʴʥʳʭ ʛʘʣʦʛʝʥʠʜʦʚ ʥʘ ʅ
ï

, OH
ï
, SCN

ï
, CN

ï
 [108, 111, 119]. ʅʘʧʨʦʪʠʚ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ h ʝʩʪʠʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʘʩʪʝʨʘ 

[Mo3S4Br3(dppe)3](PF6) ʩ 
t
BuSNa ʚʤʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʦʣʘʪ-ʟʘʤʝʱʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʙʨʦʤʠʜ-ʘʥʠʦʥʦʚ ʠʟ ʢʣʘʩʪʝʨʘ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠ ʚʥʝʜʨʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ɛ3-ʰʘʧʦʯʥʦʡ ʩʝʨʳ ʚ 

ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʩʝʤʠʵʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʢʦʤʧʣʝʢʩ [Mo3(ɛ3-

S)2(ɛ-S)3(dppe)3](PF6) (ʨʠʩ. 40) [120], ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʨʝʜʢʦʝ ʪʨʠʛʦʥʘʣʴʥʦ-ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʝ 

ʢʣʘʩʪʝʨʥʦʝ ʷʜʨʦ{Mo3S5} [121, 122]. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ [Mo3Sʝ4Br3(dppe)3]Br ʛʘʣʣʠʝʤ ʜʘʝʪ ʩʭʦʞʠʡ 

ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʢʦʤʧʣʝʢʩ [Mo3(ɛ3-Sʝ)2(ɛ-Sʝ)3(dppe)3](GaBr4) [123]. ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ 

ʢʦʤʧʣʝʢʩʘ ʩ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ {Mo3Sʝ5}. ɺ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʦʜʠʥ ʠʟ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʩʪʘʥʦʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (Mo
III
). 

ʈʠʩ. 40. ʉʪʨʦʝʥʠʝ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3(ɛ3-S)2(ɛ-S)3(dppe)3](PF6) (ʩʣʝʚʘ) ʠ ʜʠʘʛʨʘʤʤʘ ʂʶʨʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ɢmȚʊ~ʊ (ʩʧʨʘʚʘ) 

 



54 

 

ʄʘʛʥʠʪʥʘʷ ʧʨʠʨʦʜʘ ʢʦʤʧʣʝʢʩʦʚ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʕʇʈ ʠ ʤʘʛʥʝʪʦʭʠʤʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ɢmĿʊ ʦʪ ʊ ʜʣʷ [Mo3(ɛ3-S)2(ɛ-

S)3(dppe)3](PF6) (ʨʠʩ. 40) ʟʥʘʯʝʥʠʝ ɢmĿʊ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʚʧʣʦʪʴ ʜʦ ~20ʂ (0.381 ʩʤ
3
ÖK/ʤʦʣʴ 

ʧʨʠ 300ʂ), ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ. ʅʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʟʥʘʯʝʥʠʷ ɢmĿʊ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ ʚ 

ʥʫʣʝʚʦʤ ʧʦʣʝ (ZFS) ʠ/ʠʣʠ ʩ ʦʯʝʥʴ ʩʣʘʙʳʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. 

ɼʣʷ [Mo3(ɛ3-Sʝ)2(ɛ-Sʝ)3(dppe)3](GaBr4) ʟʥʘʯʝʥʠʝ ɢmĿʊ ʧʨʠ 300 ʂ ʩʦʩʪʘʚʣʷʝʪ 0.372 

ʩʤ
3
ÖK/ʤʦʣʴ ʠ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ ʚʧʣʦʪʴ ʜʦ 10 ʂ. ʂʦʥʩʪʘʥʪʘ ɺʝʡʩʘ ʦʯʝʥʴ ʤʘʣʘ (-

0.01 K), ʯʪʦ ʦʞʠʜʘʝʤʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʦʡ ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʩ ʦʯʝʥʴ ʩʣʘʙʳʤʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ [123]. 

ʉʧʝʢʪʨʳ ʕʇʈ ʜʣʷ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʭʘʨʘʢʪʝʨ 

[Mo3S5(dppe)3]
+
 ʠ [Mo3Sʝ5(dppe)3]

+
, ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ S = İ. ʇʨʠ ʵʪʦʤ ʥʝʩʧʘʨʝʥʥʳʡ 

ʵʣʝʢʪʨʦʥ ʜʝʣʦʢʘʣʠʟʦʚʘʥ ʤʝʞʜʫ ʪʨʝʤʷ ʘʪʦʤʘʤʠ ʤʦʣʠʙʜʝʥʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ "ʘ" ʩʠʤʤʝʪʨʠʝʡ 

ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʣʥʝʥʥʦʡ ʦʨʙʠʪʘʣʠ HOMO, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʨʘʩʯʝʪʝ ɻ ʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʦʜʦʙʥʘʷ ʜʝʣʦʢʘʣʠʟʘʮʠʷ ʚʳʟʳʚʘʝʪ ʫʰʠʨʝʥʠʝ ʣʠʥʠʡ ʚ ʕʇʈ ʩʧʝʢʪʨʘʭ, ʢʦʪʦʨʦʝ ʩʢʨʳʚʘʝʪ 

ʩʚʝʨʭʪʦʥʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʘ ʩ ʷʜʨʘʤʠ 
95
Mo ʠ 

97
Mo [120]. ʕʬʬʝʢʪ ʗʥʘ-ʊʝʣʣʝʨʘ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʟʘʧʨʝʱʝʥ ʠʟ-ʟʘ ʥʝʚʳʨʦʞʜʝʥʥʦʡ ʧʨʠʨʦʜʳ HOMO (ʘ1). 

ʕʬʬʝʢʪ ʗʥʘ-ʊʝʣʣʝʨʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʚʝʨʦʷʪʝʥ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʘʟʥʠʮʳ 

ʤʝʞʜʫ HOMO ʠ LUMO ʠ HOMO ʠ HOMO-1 [123]. 

 

1.2.1.3. ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʷʜʨʦʤ {M3Q4M'} 

ʕʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ. ɼʠʘʛʨʘʤʤʘ ʄʆ ʜʣʷ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ {M3M'Q4} (ʨʠʩ. 41) 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʛʨʫʧʧʳ ʠʟ ʪʨʝʭ ʩʠʣʴʥʦ ʩʚʷʟʳʚʘʶʱʠʭ MO (1e ʠ 1a1), ʜʚʫʢʨʘʪʥʦ 

ʚʳʨʦʞʜʝʥʥʦʡ ʩʚʷʟʳʚʘʶʱʝʡ ʦʨʙʠʪʘʣʠ (2e) ʦʪ M', ʛʨʫʧʧʳ ʠʟ ʪʨʝʭ ʩʣʘʙʦ ʨʘʟʨʳʭʣʷʶʱʠʭ ʄʆ (2a1 

ʠ 3e) ʠ ʪʨʝʭ ʩʠʣʴʥʦ ʨʘʟʨʳʭʣʷʶʱʠʭ MO (4e ʠ 3ʘ1) ʚ ʦʪʥʦʰʝʥʠʠ ʩʚʷʟʳʚʘʥʠʷ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ 

[124]. 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 ʟʘʧʦʣʥʷʪʴ ʦʨʙʠʪʘʣʴ 3e (HOMO). ɺ ʢʣʘʩʪʝʨʘʭ ʩ ʙʦʣʝʝ, ʯʝʤ 16 ʝ
-
, 

ʵʣʝʢʪʨʦʥʳ ʙʫʜʫʪ ʪʘʢʞʝ ʟʘʥʠʤʘʪʴ ʨʘʟʨʳʭʣʷʶʱʠʝ ʄʆ 4e ʠ 3ʘ1. 
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ʈʠʩ. 41. ɼʠʘʛʨʘʤʤʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʜʣʷ [Mo3S4Ni(CO)(H2O)9]
4+
 (16 ʂʉʕ), [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 

ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦ ʤʦʞʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʚʝʩʴʤʘ ʜʝʣʦʢʘʣʠʟʦʚʘʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʩʚʷʟʝʡ 

ʤʝʪʘʣʣ-ʤʝʪʘʣʣ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʣʠʥʘʭ ʩʚʷʟʝʡ ʤʝʪʘʣʣ-ʤʝʪʘʣʣ 

ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʢʣʘʩʪʝʨʥʳʤ ʷʜʨʦʤ {Mo3S4M'} ʠ ʦʜʠʥʘʢʦʚʳʤ ʯʠʩʣʦʤ ʂʉʕ. ʕʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʜʦʥʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʥʝʰʥʠʭ ʣʠʛʘʥʜʦʚ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʪʝʨʘ. 

ʈʘʩʯʝʪʳ 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 [124]. ʇʦʩʢʦʣʴʢʫ ʦʨʙʠʪʘʣʠ ʄ' ʚʳʰʝ ʧʦ ʵʥʝʨʛʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʨʙʠʪʘʣʝʡ 

ʬʨʘʛʤʝʥʪʘ ʄ3, ʦʥʠ ʩʠʣʴʥʝʝ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʥʝʟʘʥʷʪʳʤʠ ʦʨʙʠʪʘʣʷʤʠ ʬʨʘʛʤʝʥʪʘ M3S4 ʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ, ʩʨʝʜʥʷʷ ʛʨʫʧʧʘ ʢʣʘʩʪʝʨʥʳʭ ʦʨʙʠʪʘʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʚʷʟʳʚʘʶʱʝʡ (ʠʣʠ ʤʝʥʝʝ 

ʨʘʟʨʳʭʣʷʶʱʝʡ). ʕʥʝʨʛʠʷ ʬʨʘʛʤʝʥʪʘ ʄ' ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ Cu < Ni < Co < Fe ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʟʨʳʭʣʷʶʱʝʡ ʭʘʨʘʢʪʝʨ (2a1 ʠ 3e) ʦʨʙʠʪʘʣʝʡ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʦʙʨʘʪʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ Cu > Ni > Co > Fe. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄ-ʄ' 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ Cu < Ni < Co < Fe. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦʨʷʜʢʠ ʩʚʷʟʝʡ ʄ-ʄ' ʚ ʢʦʤʧʣʝʢʩʘʭ 

[Mo3CoS4Cp'3(CO)] ʠ [Mo3NiS4(H2O)9(CO)]
4+
 ʨʘʚʥʳ 0.561 ʠ 0.432 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʠʩʢʨʝʪʥʳʝ ʚʘʨʠʘʮʠʦʥʥʳʝ ʨʘʩʯʝʪʳ ʍŬ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [Mo3M'S4(H2O)10]
4+
 (ʄ' = Fe, Ni) 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʙʱʝʡ ʢʘʨʪʠʥʦʡ ʩʚʷʟʳʚʘʥʠʷ ʌʝʥʩʢʝ-ʍʦʣʣʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 
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ʥʠʢʝʣʷ HOMO-ʦʨʙʠʪʘʣʴ ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʶ "ʘ", ʘ ʥʝ "ʝ" [125]. ʕʪʘ ʩʠʤʤʝʪʨʠʷ ʩʦʚʧʘʜʘʝʪ ʩ 

ʩʠʤʤʝʪʨʠʝʡ LUMO ʜʣ ̫ʤʘʣʳʭ ʤʦʣʝʢʫʣ, ʪʘʢʠʭ ʢʘʢ ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʠʣʠ ʵʪʠʣʝʥ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ 

ʚʳʩʦʢʫʶ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ {Mo3Ni} ʢʣʘʩʪʝʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʠʤ 

ʤʦʣʝʢʫʣʘʤ. ʆʪʩʫʪʩʪʚʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ [Mo3FeS4(H2O)10]
4+
 ʤʦʞʥʦ ʩʚʷʟʘʪʴ 

ʩ ʪʝʤ, ʯʪʦ HOMO ʬʨʘʛʤʝʥʪʘ {Mo3Fe} ʠ LUMO ɻʪʠʭ ʤʘʣʳʭ ʤʦʣʝʢʫʣ ʥʝ ʩʦʚʧʘʜʘʶʪ ʧʦ 

ʩʠʤʤʝʪʨʠʠ. 

ʂʦʤʧʣʝʢʩʳ {Mo3CuS4} ʠʤʝʶʪ 16 ʠ 17 ʂʉʕ. ɺ 17-ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [Mo3S4Cu 

(tdci)3Br]
3+
 (tdci ï ʮʠʩ-1,3,5-ʪʨʠʩ(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʠʥʦʟʠʪʦʣ) ʠ [Mo3S4Cu(H2O)10]

4+
, ʠʤʝʶʱʠʭ 

ʩʪʨʦʝʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʢʫʙʘ, ʘ ʪʘʢʞʝ ʙʠʩ-ʢʫʙʘʥʦʚʦʤ ʢʦʤʧʣʝʢʩʝ 

[(H2O)9Mo3S4CuCuS4Mo3(H2O)9]
8+
 ʨʘʩʩʪʦʷʥʠʷ ʄʦ-Cu ʙʦʣʴʰʝ, ʯʝʤ ʥʘʙʣʶʜʘʝʤʳʝ ʜʣʷ 

ʘʥʘʣʦʛʠʯʥʳʭ 16-ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʘʩʪʝʨʦʚ [126, 127]. ʈʘʩʯʝʪʳ ʨʘʩʰʠʨʝʥʥʳʤ ʤʝʪʦʜʦʤ ʍʶʢʢʝʣʷ 

ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ {Mo3S4Cu} ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʵʣʝʢʪʨʦʥ ʚ 17-ʵʣʝʢʪʨʦʥʥʦʤ ʢʣʘʩʪʝʨʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʠʣʴʥʦ ʨʘʟʨʳʭʣʷʶʱʝʡ ʦʨʙʠʪʘʣʠ (4ʝ), ʯʪʦ 

ʦʙʲʷʩʥʷʝʪ ʙʦʣʝʝ ʜʣʠʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʄʦ-ʄʦ ʠ ʄʦ-Cu. 

ʈʝʜʦʢʩ-ʩʚʦʡʩʪʚʘ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʦʚ {M3Q4M'} 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 3. Cʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [Mo3M'S4(H2O)10]
4+
 (ʄ' = Fe, Ni) ʠ ʠʭ ʪʨʝʭʲʷʜʝʨʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ {Mʦ3S4} 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʚʳʝ ʥʘ 0.45 ɺ ʪʨʫʜʥʝʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʯʝʤ ʧʦʩʣʝʜʥʠʝ [125]. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʟʘʨʷʜʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʜʨʝʥʠʷ ʄ' 

(ʬʦʨʤʘʣʴʥʦ ʚ ʥʫʣʝʚʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʬʦʨʤʘʣʴʥʳʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 

ʤʝʪʘʣʣʦʚ ʚ ʢʣʘʩʪʝʨʝ ʩʣʝʜʫʶʱʠʝ: Mo
IV
Mo2

III
M'
II
, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʩʤ. ʥʠʞʝ). ʅʘʙʣʶʜʘʝʤʳʝ ʚ ʎɺɸ ʪʨʠ 

ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʪʨʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 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 ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʪʨʝʪʴʝʛʦ ʧʨʦʮʝʩʩʘ ʦʯʝʥʴ ʙʣʠʟʢʦ ʟʥʘʯʝʥʠʶ ʪʨʝʪʴʝʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʢʚʘ-ʢʦʤʧʣʝʢʩʘ {Mo3S4}
4+
, ʧʨʠ ʢʦʪʦʨʦʤ Mo

IV
Mo2

III
 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ Mo3
III
. 

ʎɺɸ ʢʦʤʧʣʝʢʩʘ [Mo3(FeCl)S4Tp3] (Tp = ʛʠʜʨʦʪʨʠʩ(ʧʠʨʘʟʦʣʠʣ)ʙʦʨʘʪ) ʧʦʢʘʟʳʚʘʝʪ 

ʦʙʨʘʪʠʤʦʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʦʢʠʩʣʝʥʠʝ (E1/2 = ī1.40 ʠ 0.52 ɺ, ʩʦʦʪʚʝʩʪʚʝʥʥʦ, 

ʦʪʥ. Hg/Hg2Cl2) ʠ ʜʚʘ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ (Epc = 1.54 ʠ 1.66 ɺ ʦʪʥ. Hg/Hg2Cl2) 

[128]. ʅʘʡʜʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Epc = 1.66 ɺ) ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʨʝʜʦʢʩ-ʧʨʝʚʨʘʱʝʥʠʷʤ Mo
IV
Mo2

III
Fe
II
 ź Mo

IV
Mo2

III
Fe
I
 

(ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ) ʠ Mo
IV
Mo2

III
Fe
II
 ź Mo2

IV
Mo

III
Fe
II
 ź Mo3

IV
Fe
II
 (ʦʢʠʩʣʝʥʠʝ). 

ɺ ʦʪʣʠʯʠʝ ʦʪ Fe ʠ Ni, ʚʥʝʜʨʝʥʠʝ ʤʝʜʠ ʚ ʢʦʤʧʣʝʢʩʳ [M3Q4(dmpe)3X3]
+
 (ʍ = Cl, Br) 

ʧʨʠʚʦʜʠʪ ʢ ʘʥʦʜʥʦʤʫ ʩʜʚʠʛʫ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

[129, 130], ʪ.ʝ. ʤʝʜʴʩʦʜʝʨʞʘʱʠʝ ʢʫʙʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʣʝʛʯʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʯʝʤ 
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ʪʨʝʭʲʷʜʝʨʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ. ʕʪʦʪ ʬʘʢʪ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ 

ʤʦʣʠʙʜʝʥʘ ʄʦ2
IV
Mo

III
Cu
I
 ʚ 17-ʵʣʝʢʪʨʦʥʥʦʤ ʘʢʚʘ-ʢʦʤʧʣʝʢʩʝ {Mo3CuS4}

4+
, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʕʇʈ, ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʢ 

Mo3
IV
Cu
I
 ź Mo2

IV
Mo

III
Cu
I
 ź Mo

IV
Mo2

III
Cu
I
, ʚ ʢʦʪʦʨʳʭ ʥʝ ʟʘʪʨʘʛʠʚʘʶʪʩʷ ʘʪʦʤʳ ʤʝʜʠ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʚʪʦʨʦʛʦ ʧʨʦʮʝʩʩʘ ʩʭʦʞʠ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʧʝʨʚʦʛʦ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʪʨʝʭʲʷʜʝʨʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ (Mo3
IV
 ź 

Mo
IV
Mo2

III
). ʕʪʠ ʟʥʘʯʝʥʠʷ ʪʘʢʞʝ ʩʭʦʞʠ ʩ ʜʘʥʥʳʤʠ ʜʣʷ ʚʪʦʨʦʛʦ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʪʨʝʭʲʷʜʝʨʥʳʭ ʩʝʣʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, (Mo2
IV
Mo

III
 ź Mo

IV
Mo2

III
). 

ɸʥʘʣʦʛʠʯʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʠ ʥʘ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ {W3CuS4}. ɺ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʝʣʝʥʠʜʥʳʝ ʢʣʘʩʪʝʨʳ [Mo3Q4CuL(dmpe)3ʍ3]
+
 ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʣʝʛʯʝ, ʯʝʤ 

ʩʫʣʴʬʠʜʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ [15]. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʥʘʷ ʧʨʠʨʦʜʘ ʣʠʛʘʥʜʦʚ ʧʨʠ ʤʝʜʠ ʚ ʢʦʤʧʣʝʢʩʘʭ 

[Mo3S4CuL(dmpe)3ʍ3]
+
 (L = ʉl

-
, CN

-
, CN

-
ĿĿĿʄʦ(ʉʆ)5), ʥʝ ʚʳʟʳʚʘʝʪ ʢʘʢʠʭ-ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʜʦʢʩ-ʧʦʚʝʜʝʥʠʠ. ʅʘʧʨʦʪʠʚ, ʟʘʤʝʱʝʥʠʝ ʍ ʧʨʠ ʤʦʣʠʙʜʝʥʝ ʥʘ ʉN ʢʘʢ ʚ 

ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ [Mo3S4CuL(dmpe)3ʍ3]
+
, ʪʘʢ ʠ ʪʨʝʭʲʷʜʝʨʥʳʭ ʧʨʝʢʫʨʩʦʨʘʭ 

[Mʦ3S4(dmpe)3X3]
+
 ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʘʥʦʜʥʦʤʫ ʩʜʚʠʛʫ ʧʦʪʝʥʮʠʘʣʦʚ. ʊʘʢ, ʚ ʮʠʘʥʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ [(ʉN)3Mo3S4CuL(dmpe)3]
+
 ʘʥʦʜʥʳʡ ʩʜʚʠʛ ʩʦʩʪʘʚʣʷʝʪ 200-500 ʤɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

[ʉl3Mo3S4CuL(dmpe)3]
+
 [131]. 

ɺʥʝʜʨʝʥʠʝ ʢʦʙʘʣʴʪʘ ʚ [Mo3S4(dmpe)3Cl3]
+ 
ʠʟʥʘʯʘʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʡʪʨʘʣʴʥʦʤʫ 

ʢʦʤʧʣʝʢʩʫ [Mo3CoClS4(dmpe)3Cl3] (15 KCʕ), ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʣʝʛʢʦ ʦʢʠʩʣʷʝʪʩʷ ʚ 

[Mo3CoClS4(dmpe)3Cl3]
+
 (14 KCʕ) [132]. ʌʦʨʤʘʣʴʥʦ ʵʪʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ Co

0
 ʚ ʉʦ

I
 

ʚ ʩʦʩʪʘʚʝ ʢʣʘʩʪʝʨʘ. ʇʦʜʦʙʥʦ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʜʠ ʢ ʪʨʝʭʲʷʜʝʨʥʦʤʫ ʢʣʘʩʪʝʨʫ ʚʢʣʶʯʝʥʠʝ ʢʦʙʘʣʴʪʘ 

ʚʳʟʳʚʘʝʪ ʘʥʦʜʥʳʡ ʩʜʚʠʛ ʧʝʨʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ 0.59 ɺ. ʇʝʨʚʳʡ ʧʨʦʮʝʩʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ [Mo3CoClS4(dmpe)3Cl3]
+
 ʮʝʥʪʨʠʨʦʚʘʥ ʧʨʠ ɽ1/2 = -0.10 ɺ ʠ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʪʠʤʳʤ. ɺʪʦʨʦʡ ʧʨʦʮʝʩʩ (-0.91 ɺ) ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʥʝʦʙʨʘʪʠʤʳʤ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʪʱʝʧʣʝʥʠʝʤ Cl
-
 ʦʪ ʧʨʦʜʫʢʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

[Mo3CoClS4(dmpe)3Cl3]
+
 ª [Mo3CoClS4(dmpe)3Cl3] ­ [Mo3CoS4(dmpe)3Cl3] + ʉl

-
 

ʈʘʟʣʠʯʠʷ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʟʘʨʷʜʦʚʦʤ ʩʦʩʪʦʷʥʠʠ 

ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʛʝʪʝʨʦʤʝʪʘʣʣʘ. 

ʈʝʜʦʢʩ-ʧʦʚʝʜʝʥʠʝ ʠʟʫʯʘʣʦʩʴ ʠ ʜʣʷ ʩʝʨʠʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [(Cp')3M3S4M'L]
0
/
+
/
2+
/
3+
 (M = Mo, W; M' = Ni, Pd, Pt; L = PPh3, AsPh3) 

[112]. ʂʦʤʧʣʝʢʩ [(Cp')3W3S4NiPPh3]
+
 ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʜʥʦʤʫ ʧʨʦʮʝʩʩʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ +/0, ʘ 

ʪʘʢʞʝ ʜʚʫʤ ʧʨʦʮʝʩʩʘʤ ʦʢʠʩʣʝʥʠʷ, +/+2 ʠ +2/+3. ɺʩʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ ʠ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ (ɽʨ = +1.41 ɺ) ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʦʙʨʘʪʠʤʦʝ ʦʢʠʩʣʝʥʠʝ, ʦʪʥʦʩʷʱʝʝʩʷ ʢ ʦʢʠʩʣʝʥʠʶ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ 

(ʩʚʦʙʦʜʥʳʡ PPh3 ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ +1.26 ɺ). ʂʦʤʧʣʝʢʩ [(Cp')3W3S4PtPPh3]
+
, ʢʘʢ ʠ 

ʥʠʢʝʣʝʚʳʡ ʘʥʘʣʦʛ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʙʨʘʪʠʤʦʤʫ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʜʚʫʤ 
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ʧʨʦʮʝʩʩʘʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʇʝʨʚʳʡ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʙʨʘʪʠʤ 

(ʦʪʥʦʰʝʥʠʝ ipc/ipa = 0.5 ʧʨʠ 0.1 ɺ/ʩ) ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ +0.2 ɺ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʪʦʨʦʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʳʤ. 

ʅʘʧʨʦʪʠʚ, ʎɺɸ ʢʦʤʧʣʝʢʩʘ [(Cp')3W3S4PdPPh3]
+
 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʜʠʥ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʡ ʘʥʦʜʥʳʡ 

ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʩʣʝʜʫʶʱʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ (ʧʠʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʡ ʩ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʦʢʠʩʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʠʢʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʪ ʧʦʙʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʠʟ 

ʧʨʦʜʫʢʪʘ ʦʢʠʩʣʝʥʠʷ). ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ M'(PPh3) ʢ ʢʦʤʧʣʝʢʩʫ 

[(Cp')3W3S4]
+
, ʢʦʪʦʨʳʡ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʦʢʘʟʳʚʘʝʪ ʦʙʨʘʪʠʤʦʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʝ ʦʢʠʩʣʝʥʠʝ, ʥʝ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨ ʦʢʠʩʣʝʥʠʷ ʚ ʩʣʫʯʘʝ 

[(Cp')3W3S4PdPPh3]
+
. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʢʝʣʝʤ ʠ ʧʣʘʪʠʥʦʡ ʵʣʝʢʪʨʦʥʥʳʝ 

ʵʬʬʝʢʪʳ ʄ'(PPh3) "ʨʘʟʜʝʣʷʶʪ" ʜʚʫʭʵʣʝʢʪʨʦʥʥʫʶ ʘʥʦʜʥʫʶ ʚʦʣʥʫ ʥʘ ʜʚʘ ʦʪʜʝʣʴʥʳʭ 

ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʮʝʩʩʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʦʙʱʝʥʠʝ 

ʟʘʪʨʘʛʠʚʘʝʪ ʚʥʫʪʨʝʥʥʫʶ ʛʝʪʝʨʦʢʫʙʘʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʠʣʠ ʜʦʙʘʚʣʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʄ'(PPh3) 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʢʣʶʯʘʪʝʣʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʢʦʤʧʣʝʢʩʳ 

[(Cp')3M3S4M'L]
0
/
+
/
2+
/
3+
 (M = Mo, W; M' = Ni, Pd, Pt; L = PPh3, AsPh3) ʜʝʤʦʥʩʪʠʨʫʶʪ ʩʭʦʞʝʝ 

ʨʝʜʦʢʩ-ʧʦʚʝʜʝʥʠʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ [(Cp')3W3S4PdPPh3]
+
, ʢʦʪʦʨʳʡ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʪʨʝʭʲʷʜʝʨʥʳʡ ʧʨʝʢʫʨʩʦʨ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʤʫ ʦʢʠʩʣʝʥʠʶ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Mo ʦʢʠʩʣʷʶʪʩʷ ʪʨʫʜʥʝʝ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ [(Cp')3ʄʦ3S4]
+
 ʣʝʛʯʝ 

"ʘʤʦʨʪʠʟʠʨʫʝʪ" ʵʣʝʢʪʨʦʥʥʳʝ ʵʬʬʝʢʪʳ ʄ'(PPh3) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ [(Cp')3W3S4]
+
 [112].  

ʀʟʫʯʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Mo3S4FeX(dmpe)3Cl3] ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʝ ʞʝʣʝʟʘ (X = Cl, CN, N3, SPh) 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 0.16-0.38 ɺ, 

ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʧʘʨʝ {Mo3S4Fe}
4+
/
5+
 [133]. ʃʠʛʘʥʜʳ ʧʨʠ ʘʪʦʤʝ ʞʝʣʝʟʘ ʚ ʵʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠ ̫ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

{Mo3CuS4} (ʩʤ. ʚʳʰʝ). ʃʝʛʢʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ X = SPh
-
 > Cl

-
 = N3

-
 > CN

-
. 

ʈʘʟʥʠʮʘ ʚ ʚʝʣʠʯʠʥʘʭ ɽ1/2 ʜʦʩʪʠʛʘʝʪ 0.22 ɺ ʚ ʵʪʦʤ ʨʷʜʫ (ʊʘʙʣʠʮʘ 3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ 

ʞʝʣʝʟʘ ʚ [Mo3S4(dmpe)3Cl3] ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʝʩʷ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʣʝʛʯʝ ʦʢʠʩʣʷʶʪʩʷ, ʥʦ ʪʨʫʜʥʝʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʝʭʲʷʜʝʨʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʣʷ [Mo3S4FeX(dmpe)3Cl3] ʠ ʚʦʚʩʝ 

ʥʝ ʦʙʥʘʨʫʞʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʧʦʪʝʥʮʠʘʣʦʚ, ʜʦʩʪʫʧʥʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ 

ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʎɺɸ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4Cuʍ(H2O)3(C2O4)3]
2ï
 (ʍ = Cl, I, SCN) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʠʢʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.03 ʜʦ -0.35 ɺ (ʜʚʘ ʢʚʘʟʠ-ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʘ ʜʣʷ Cl, ʦʜʠʥ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʡ ʧʠʢ ʜʣʷ I ʠ ʦʜʠʥ ʧʠʢ ʜʣʷ SCN) [134]. ʅʘʡʜʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʤʦʣʠʙʜʝʥ-ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ: Mo
IV
3Cu

I
 Ÿ Mo

III
Mo

IV
2Cu

I
 Ÿ Mo

IV
Mo

III
2Cu

I
. ʅʝʧʦʣʥʘʷ 
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ʦʙʨʘʪʠʤʦʩʪʴ 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
 ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʢʚʘʟʠʦ-ʙʨʘʪʠʤʳʡ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʧʨʠ +0.21 

ɺ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʧʘʨʝ I2/2I
-
. ɼʣʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4Cuʍ(H2O)3(C2O4)3]

2ï
 ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʠʢʦʚ ia ʠ ic ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʪ ʦʪ ʢʦʨʥʷ ʢʚʘʜʨʘʪʥʦʛʦ ʠʟ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʷʚʣʷʝʪʩʷ ʜʠʬʬʫʟʠʷ ʢ ʵʣʝʢʪʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʥʝ ʵʣʝʢʪʨʦʥʥʳʡ 

ʦʙʤʝʥ. 

 

ʊ ʘ ʙ ʣ ʠ ʮ ʘ  3 

ɼʘʥʥʳʝ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ (ɽ) ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ {M3Q4M'} 

ʂʦʤʧʣʝʢʩ ɽ, ɺ ʦʪʥ. Ag/AgCl ʉʩʳʣʢʘ 

[Mo3S4Fe(H2O)10]
4+

 -0.91 // -1.47 // -1.81 
[125] 

[Mo3S4Ni(H2O)10]
4+

 -0.91 // -1.48 // -1.72 

[Mo3S4CuCl(dmpe)3Cl3]
+
 -0.81 // -1.19 

[129] 
[Mo3S4CuBr(dmpe)3Br3]

+
 -0.73 // -1.08 

[Mo3Se4CuBr(dmpe)3Br3]
+
 -0.73 // -1.31 // -1.56 [130] 

[Mo3S4CuCN(dmpe)3ʉl3]
+
 -0.78 

[131] 
[Mo3S4Cu{CN

-
ĿĿĿʄʦ(ʉʆ)5}(dmpe)3ʉl3]

+
 -0.76 // -0.35 

[(Cp')3Mo3S4Ni(PPh3)]
+
 -1.20 // +0.80 // +1.40 

[112] 

[(Cp')3Mo3S4Pd(PPh3)]
+
 -1.07 // +0.72 // +0.72 

[(Cp')3Mo3S4Pt(PPh3)]
+
 -1.16 // +0.79 // +0.79 

[(Cp')3W3S4Ni(PPh3)]
+
 -1.55 // +0.57 // +1.16 

[(Cp')3W3S4Pd(PPh3)]
+
 -1.39 // +0.56 // +0.56 

[(Cp')3W3S4Pt(PPh3)]
+
 -1.40 // +0.57 // +0.98 

[Mo3S4Ni(AsPh3)]
+
 -1.20 // +0.80 // +1.40 

[Mo3S4FeCl(dmpe)3Cl3]
+
 +0.26 // +1.06 

[133] 
[Mo3S4FeCN(dmpe)3Cl3]

+
 +0.38 // +1.16 

[Mo3S4FeN3(dmpe)3Cl3]
+
 +0.25 // +1.01 

[Mo3S4FeSPh(dmpe)3Cl3]
+
 +0.16 // +1.03 

[Mo3S4CuCl(H2O)3(C2O4)3]
2ï

 -0.35 // +0.03 

[134] [Mo3S4CuI(H2O)3(C2O4)3]
2ï

 -0.33 // +0.21 

[Mo3S4CuSCN(H2O)3(C2O4)3]
2ï

 -0.35 

[Mo3S4FeClTp3] 
-1.40 // +0.52 // +1.54 // +1.66 

(ʦʪʥ. Hg/Hg2Cl2) 
[128] 

[Mo3S4CoCl(dmpe)3Cl3]
+
 -0.10 // -0.91 [132] 

[Mo3Se4CoCl(dmpe)3Cl3]
+
 -0.15 [135] 

 

ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʀʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʜʣʷ 

[Mo3M'S4(H2O)10][pts]4Ŀ7H2O (ʄ' = Fe, Ni; pts = ʧʘʨʘ-ʪʦʣʫʦʣʩʫʣʴʬʦʥʘʪ) ʜʘʶʪ ʵʬʬʝʢʪʠʚʥʳʝ 

ʤʦʤʝʥʪʳ 2.78 ʄ.ɹ. ʧʨʠ 2.16ʂ ʠ 3.26 ʄ.ɹ. ʧʨʠ 269.95K ʜʣʷ ʄ' = Fe ʠ 0.11 ʄ.ɹ. ʧʨʠ 2.00K ʠ 1.26 
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ʄ.ɹ. ʧʨʠ 260.70K ʜʣʷ ʄ' = Ni [125, 136, 137]. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʘʣʠʯʠʝʤ ʜʚʫʭ 

ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ (ʥʘ ʦʨʙʠʪʘʣʠ 3ʝ, ʩʤ. ʨʠʩ. 41) ʚ 14-ʵʣʝʢʪʨʦʥʥʦʤ ʢʣʘʩʪʝʨʝ {Mo3Fe} ʠ ʠʭ 

ʦʪʩʫʪʩʪʚʠʝʤ ʚ 16-ʵʣʝʢʪʨʦʥʥʦʤ ʢʣʘʩʪʝʨʝ {Mo3Ni}. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (ʨʠʩ. 42ʘ) ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʚʝʢʪʦʨʥʦʛʦ 

ʬʦʨʤʘʣʠʟʤʘ ʂʘʤʙʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʦʪʥʝʩʝʥʠʝ ʬʦʨʤʘʣʴʥʳʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʚ 

ʢʣʘʩʪʝʨʝ ʢʘʢ Mo
IV
Mo2

III
M'
II
. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʘʪʦʤʘ ʞʝʣʝʟʘ ʚ ʢʣʘʩʪʝʨʝ {Mo3Fe}, ʨʘʚʥʦʡ +2.39, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ 
57
Fe-ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨ rɻ ʪʠʭ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʪʨʝʭʲʷʜʝʨʥʳʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʩʚʷʟʠ ʄʦ3d3/2 ʠ ʄʦ3d5/2: E(Mo3) = 233.7, 

230.7 ʵɺ; E(Mo3Fe) = 233.1, 230.0 ʵɺ ʠ ɽ(Mo3Ni) = 233.3, 230.3 ʵɺ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʬʦʨʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ +4. ʂʨʦʤʝ ʪʦʛʦ, ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʧʨʠ 

ʚʥʝʜʨʝʥʠʠ ʛʝʪʝʨʦʘʪʦʤʘ (ʞʝʣʝʟʘ ʠʣʠ ʥʠʢʝʣʷ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʘʭ ʤʦʣʠʙʜʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʧʝʨʝʥʦʩʘ ʦʪ ʛʝʪʝʨʦʘʪʦʤʘ ʢ Mo3, ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ Mo
IV
Mo2

III
M'
II
. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʕʇʈ 17-ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʫʙʘʥʦʚʦʛʦ ʢʣʘʩʪʝʨʘ 

[Mo3CuS4(H2O)10]
4+
, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʜʠʩʩʦʮʠʘʮʠʠ ʙʠʩʢʫʙʘʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[{Mo3CuS4(H2O)9}2]
8+
, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʥʦʤʝʨʥʳʡ ʢʣʘʩʪʝʨ ʧʘʨʘʤʘʛʥʠʪʝʥ (S = 1/2), ʘ 

ʩʚʝʨʭʪʦʥʢʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʘ ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ, Mo2
IV
Mo

III
Cu
I
, ʚ ʢʦʪʦʨʦʤ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʮʝʥʪʨ ʨʘʩʧʦʣʦʞʝʥ, ʚ ʦʩʥʦʚʥʦʤ, 

ʥʘ ʦʜʥʦʤ ʠʟ ʘʪʦʤʦʚ ʤʦʣʠʙʜʝʥʘ. ʇʨʠ ʵʪʦʤ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ ʥʘʭʦʜʠʪʩʷ ʥʝ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʘʪʦʤʝ ʤʦʣʠʙʜʝʥʘ, ʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʚʩʝʤ ʪʨʝʤ ʮʝʥʪʨʘʤ ʩʦ ʩʢʦʨʦʩʪʴ ʁʧʦʨʷʜʢʘ 10
7
 ʩ

-1
 [127]. 

ʈʘʩʯʝʪʳ ʨʘʩʰʠʨʝʥʥʳʤ ʤʝʪʦʜʦʤ ʍʶʢʢʝʣʷ ʜʣʷ ʘʢʚʘ-ʠʦʥʘ [Mo3CuS4(H2O)10]
4+
 ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʧʠʥʦʚ ʥʘ ʘʪʦʤʘʭ ʄʦ. 

ɺ ʩʚʷʟʠ ʩ ʣʝʛʢʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ [Mo3(CoCl)S4(dmpe)3Cl3] (15 ʂʉʕ, S = İ) ʚ 

[Mo3(CoCl)S4(dmpe)3Cl3]
+ 
 (14 ʂʉʕ, S = 1), ʦ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʠʟʫʯʘʣʦʩʴ ʦʢʠʩʣʝʥʠʝ 

[Mo3(CoCl)S4(dmpe)3Cl3] ʧʦʜ ʜʝʡʩʪʚʠʝʤ 7,7,8,8-ʪʝʪʨʘʮʠʘʥʦʭʠʥʦʜʠʤʝʪʘʥʘ (TCNQ) (ʢʦʪʦʨʳʡ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʚʦʜʷʱʠʭ ʩʦʣʝʡ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥʘ ʛʠʙʨʠʜʥʘ ̫ʩʦʣɹ [Mo3(CoCl)S4(dmpe)3Cl3](TCNQ), ʚ ʢʦʪʦʨʦʡ ʠ ʢʘʪʠʦʥ, ʠ 

ʘʥʠʦʥ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʤʠ [132]. ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ̫ ʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʠʤʝʨʦʤ 

ʢʦʤʧʣʝʢʩʘ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʦʚ {M3M'Q4}, ʭʦʪʷ ʦʪʥʦʩʠʪʩʷ ʢ ʜʠʵʣʝʢʪʨʠʢʘʤ. 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ɢmĿʊ ʦʪ ʊ (ʨʠʩ. 42ʙ) ʧʦʢʘʟʳʚʘʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ɢmĿʊ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʩ 300 ʜʦ ~50ʂ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʟʥʘʯʝʥʠʷ 1.1 ʩʤ
3
ÖK/ʤʦʣʴ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʮʝʧʦʯʢʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ ʘʥʠʦʥʦʚ TCNQ
-
 ʩ S = İ. 

ʅʠʞʝ ~50ʂ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚʢʣʘʜ ʦʪ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʢʘʪʠʦʥʘ [Mo3(CoCl)S4(dmpe)3Cl3]
+ 
ʩ 

S = 1. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ ~10ʂ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ɢmĿʊ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ 
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ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ/ʠʣʠ ʨʘʩʱʝʧʣʝʥʠʷ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ (ZFS) ʚ ʢʘʪʠʦʥʝ ʩ S = 

1. ʅʘʙʣʶʜʘʝʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɢmĿʊ ʦʪ ʊ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʶʱʝʡ ʨʝʛʫʣʷʨʥʫʶ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʫʶ ʮʝʧʦʯʢʫ ʩ S = İ ʠ ʤʦʥʦʤʝʨ (S = 1) ʩ ʨʘʩʱʝʧʣʝʥʠʝʤ ʚ ʥʫʣʝʚʦʤ ʧʦʣʝ (ZFS) 

(ʨʠʩ. 42ʙ). ʅʘʧʨʦʪʠʚ, ʜʣʷ ʩʝʣʝʥʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Mo3(CoCl)Se4(dmpe)3Cl3](TCNQ) ʟʥʘʯʝʥʠʝ 

ɢmĿʊ (1.1 ʩʤ
3
ÖK/ʤʦʣʴ) ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 20-300ʂ [135]. ʕʪʦ ʧʦʚʝʜʝʥʠʝ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʘʪʠʦʥʘ [Mo3(CoCl)Sʝ4(dmpe)3Cl3]
+
 ʩ S = 1, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʥʠʦʥ 

TCNQ
-
 ʥʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ. ʅʠʞʝ ~15ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ 

ʧʘʜʝʥʠʝ ɢmĿʊ, ʢʘʢ ʠ ʜʣʷ ʩʫʣʴʬʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʚʝʜʝʥʠʠ 

ʩʝʣʝʥʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚʢʣʘʜ ʦʪ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʢʘʪʠʦʥʘ 

[Mo3(CoCl)Se4(dmpe)3Cl3]
+
, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʣʴʬʠʜʥʦʛʦ ʘʥʘʣʦʛʘ, ʚ ʢʦʪʦʨʦʤ ʠ ʢʘʪʠʦʥʥʘʷ, ʠ 

ʘʥʠʦʥʥʘʷ ʯʘʩʪʠ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʭʦʪʷ ʢʦʦʧʝʨʘʪʠʚʥʳʝ 

ʤʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʢʞʝ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ.  

  

ʈʠʩ. 42. 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. ʙ) ɿʘʚʠʩʠʤʦʩʪʴ ɢmĿʊ ʦʪ ʊ ʜʣʷ 

[Mo3(CoCl)S4(dmpe)3Cl3](TCNQ). ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ʧʦʩʪʨʦʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ZFS 

 

ʆʢʠʩʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Mo3(CoCl)S4(dmpe)3Cl3] ʡʦʜʦʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʩʦʣʠ [Mo3(CoI)S4(dmpe)3Cl3]I (14 ʂʉʕ, S = 1) ʩ ʧʦʯʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʚʳʭʦʜʦʤ. ʇʨʠ ʵʪʦʤ ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʘ ʥʘ ʡʦʜ ʧʨʠ ʘʪʦʤʝ ʢʦʙʘʣʴʪʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʈʝʘʢʮʠʷ [Mo3(CoI)S4(dmpe)3Cl3]I ʩ 

ʧʘʨʘʤʘʛʥʠʪʥʳʤ ʜʠʪʠʦʣʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʠʢʝʣʷ [Ni(mnt)2] (S = 1) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʠʙʨʠʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [Mo3(CoI)S4(dmpe)3Cl3]2[Ni(mnt)2]. ɺ ʜʠʘʧʘʟʦʥʝ 10-300K ʟʥʘʯʝʥʠʝ ɢmĿʊ 

ʜʣ ̫ɻ ʪʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʚʥʦʝ 0.99 ʩʤ
3
ÖK/ʤʦʣʴ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ S = 1 

ʢʘʪʠʦʥʘ [Mo3(CoI)S4(dmpe)3Cl3]
+
. ʌʨʘʛʤʝʥʪ [Ni(mnt)2] ʥʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʧʘʨʘʤʘʛʥʝʪʠʟʤ ʠʟ-ʟʘ 

ʦʙʨʘʟʦʚʘʥʠ ̫ʜʠʘʤʘʛʥʠʪʥʦʛʦ ʘʥʠʦʥʘ [Ni(mnt)2]
2-
 [138]. 

ʀʟʫʯʘʣʠʩʴ ʪʘʢʞʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 15-ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Mo3S4FeCl(dmpe)3Cl3], [Mo3S4FeCN(dmpe)3Cl3], [Mo3S4FeN3(dmpe)3Cl3] ʠ 

[Mo3S4FeSPh(dmpe)3Cl3] [133] (ʨʠʩ. 43). ʂʦʤʧʣʝʢʩ [Mo3S4FeCl(dmpe)3Cl3] (15 ʂʉʕ) ʦʢʠʩʣʷʝʪʩʷ 



62 

 

ʚ [Mo3S4FeCl(dmpe)3Cl3](PF6) ʩ 14 ʂʉʕ (ʦ ʨʝʜʦʢʩ-ʧʘʨʝ {Mo3S4Fe}
4+
/
5+
 ʩʤ. ʚʳʰʝ). ʇʦʩʢʦʣʴʢʫ ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ 14-ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʤʧʣʝʢʩ [Mo3S4FeCl(dmpe)3Cl3](PF6) ʥʝ ʙʳʣ ʚʳʜʝʣʝʥ, 

ʪʦ ʤʘʛʥʠʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʝʛʦ ʩʤʝʩʠ ʩ 15-ʵʣʝʢʪʨʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (ʨʠʩ. 43). 

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 7ʂ, ʘ 

ʥʠʞʝ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʝʥʠʝ ɢMĿT ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʨʝʟʢʦ (0.94 ʩʤ
3
ĿK/ʤʦʣʴ ʧʨʠ 2ʂ). 

ʂʦʤʧʣʝʢʩʳ ʩ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʠ ʘʪʦʤʝ ʞʝʣʝʟʘ ʚʝʜʫʪ ʩʝʙʷ ʘʥʘʣʦʛʠʯʥʦ. ʄʘʛʥʠʪʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʤʝʩʠ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4FeCl(dmpe)3Cl3] ʠ [Mo3S4FeCl(dmpe)3Cl3](PF6) 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ɢMĿT~ʊ ʩ ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ɢMĿT, ʯʪʦ 

ʦʞʠʜʘʝʤʦ ʜʣʷ ʩʤʝʩʠ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʟʥʘʯʝʥʠʷʤʠ S = 1 ʠ S = 1/2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʈʠʩ. 43. ʉʣʝʚʘ: ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʫʢʪʘ ɢMĿT ʜʣʷ ʢʦʤʧʣʝʢʩʘ [Mo3S4FeCl(dmpe)3Cl3] (1) ʠ ʝʛʦ ʩʤʝʩʠ ʩ 

[Mo3S4FeCl(dmpe)3Cl3](PF6) ([1]PF6). ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. ʅʘ ʚʩʪʘʚʢʝ ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʉʧʨʘʚʘ: ʕʇʈ ʩʧʝʢʪʨ ʚ ʍ-ʜʠʘʧʘʟʦʥʝ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 1 ʠ ʩʤʝʩʠ 1/[1]PF6 ʧʨʠ 4.5K 

 

ʕʇʈ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ [Mo3S4Feʍ(dmpe)3Cl3] (X = Cl, SCN, N3 ʠ SPh) ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ S = 1. ʉʧʝʢʪʨ ʩʤʝʩʠ [Mo3S4FeCl(dmpe)3Cl3] ʠ [Mo3S4FeCl(dmpe)3Cl3]PF6 

ʩʭʦʞ ʩʦ ʩʧʝʢʪʨʦʤ [Mo3S4FeCl(dmpe)3Cl3, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ 

ʩʠʛʥʘʣʘ ʩ ʮʝʥʪʨʦʤ g = 2.06 ʠʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʢʦʤʧʣʝʢʩʘ [Mo3S4FeCl(dmpe)3Cl3]PF6 ʩ S = İ 

(ʨʠʩ. 43) [133]. 

 

1.2.2. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʪʨʝʭʲʷʜʝʨʥʳʭ ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Mo ʠ W ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ, 

ʫʜʝʰʝʚʣʝʥʠʶ, ʧʦʚʳʰʝʥʠʶ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʯʝʛʦ 
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ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʨʠ ʟʘʤʝʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʙʦʣʝʝ 

ʩʣʦʞʥʳʝ ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʳ. ɼʘʥʥʳʝ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʲʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ ʩʫʤʤʠʨʦʚʘʥʳ ʚ ʊʘʙʣʠʮʘʭ 4 ʠ 5. 

 

1.2.2.1. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

1.2.2.1.1. ɻʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʝ ʧʝʨʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʈʘʩʪʫʱʠʡ ʩʧʨʦʩ ʥʘ ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʠ ʘʛʨʦʭʠʤʠʢʘʪʳ 

ʩʧʨʦʚʦʮʠʨʦʚʘʣ ʠʥʪʝʥʩʠʚʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʨʘʟʣʠʯʥʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [139, 140]. ʉʝʣʝʢʪʠʚʥʦʝ ʫʜʘʣʝʥʠʝ 

ʘʪʦʤʦʚ ʬʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʪʦʨʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʪʦʥʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ [141]. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʥʘʠʙʦʣʝʝ 

ʧʨʦʩʪʳʤ ʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʉ-F ʩʚʷʟʠ ʥʘ ʩʚʷʟʴ ʉ-ʅ ʚ 

ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʷ (HDF) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ [142]. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ ʨʝʘʢʮʠʡ, ʦʧʠʩʘʥʥʳʭ ʜʣʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʦʮʝʩʩʘ HDF, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʤʝʥ ʚʦʜʦʨʦʜʘ ʩ ʬʪʦʨʦʤ ʤʝʞʜʫ 

ʛʠʜʨʠʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʬʪʦʨʠʨʦʚʘʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʦʤ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʬʪʦʨʩʦʜʝʨʞʘʱʝʛʦ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʘ. 

[M]ðH + RðF Ÿ [M]ðF + RðH 

ɺʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʨʘʥʥʠʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʢ ʬʪʦʨʫ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʚʳʛʦʜʫ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ R-F. ɺ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ, ʚʠʥʠʣʦʚʳʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʬʪʦʨʠʨʦʚʘʥʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʤʝʪʘʣʣʦʚ IVʘ ʛʨʫʧʧʳ [143, 144]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʧʨʦʠʩʭʦʜʠʪ 

ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ ʛʠʜʨʠʜʥʳʤ ʣʠʛʘʥʜʦʤ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʮʝʥʪʨʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ 

ʯʝʨʝʟ ɓ-ʚʥʝʜʨʝʥʠʝ ʘʣʢʝʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʱʝʧʣʝʥʠʝʤ ɓ-ʬʪʦʨʠʜʘ (ʚ ʩʣʫʯʘʝ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʚʠʥʠʣʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ) ʠʣʠ ʤʝʪʘʪʝʟʠʩ ʧʦ ů-ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭʮʝʥʪʨʦʚʦʛʦ 

ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʄ-ʅ/ʉ-F [145]. 

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-ʧʦʣʦʞʝʥʠʷʭ ʠʤʠʜʘʟʦʣ-2-ʠʣʠʜʝʥʳ), 

ʢʘʪʘʣʠʟʠʨʫʶʪ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʝ ʬʪʦʨʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʛʝʢʩʘ- ʠ 

ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣʘ ʠʣʠ ʧʝʥʪʘʬʪʦʨʧʠʨʠʜʠʥʘ) ʩ ʚʳʩʦʢʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ [146]. ɺ ʩʣʫʯʘʝ 

ʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ ʚ ʧʦʣʦʞʝʥʠʝ 2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 1,2-ʉ6F4H2, 

ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʘʢʪʠʚʘʮʠʷ C-H, ʘ ʥʝ C-F ʩʚʷʟʠ. 

ɻʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʦʢʘʟʘʣʠʩʴ ʘʢʪʠʚʥʳʤʠ ʚ 

ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʷʭ. ɺʧʝʨʚʳʝ ʪʨʝʭʲʷʜʝʨʥʳʝ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ [W3S4H3(L)3]ɸ, (L = dmpe, 
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dppe; ɸ = PF6, BPh4) ʧʦʣʫʯʝʥʳ ʝʱʝ ʚ 1989 ʛʦʜʫ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʣʦʨʠʜʥʳʭ ʧʨʝʢʫʨʩʦʨʦʚ 

[W3S4Cl3(L)3]ɸ ʩ ʙʦʨʦʛʠʜʨʠʜʦʤ ʣʠʪʠʷ ʠʣʠ ʥʘʪʨʠʷ [111]. ɿʘʪʝʤ ʵʪʘ ʩʠʥʪʝʪʠʯʝʩʢʘ ̫ʧʨʦʮʝʜʫʨʘ 

ʙʳʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʤʦʣʠʙʜʝʥʦʚʳʝ ʘʥʘʣʦʛʠ, ʘ ʪʘʢʞʝ ʙʨʦʤʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ [147]. 

ɺ 2011 ʛʦʜʫ ʨʝʘʢʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʟʙʳʪʢʦʤ HPF6 ʙʳʣʠ ʚʧʝʨʚʳʝ 

ʧʦʣʫʯʝʥʳ ʬʪʦʨʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʠ ʚʦʣʴʬʨʘʤʘ [M3S4F3(dmpe)3]
+
. ʕʪʠ 

ʛʠʜʨʠʜʥʳʝ ʠ ʬʪʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʷ ʧʝʥʪʘʬʪʦʨʧʠʨʠʜʠʥʘ ʚ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 180̄ʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʘʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ [20] (ʨʠʩ. 44). 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʵʪʠʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ 2,3,5,6-ʪʝʪʨʘʬʪʦʨʦʧʠʨʠʜʠʥ, ʚ ʢʦʪʦʨʦʤ ʘʪʦʤ 

ʬʪʦʨʘ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʟʘʤʝʱʝʥ ʥʘ ʚʦʜʦʨʦʜ. 

 

ʈʠʩ. 44. ɻʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʝ ʧʝʥʪʘʬʪʦʨʧʠʨʠʜʠʥʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʪʨʝʭʲʷʜʝʨʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʯʝʤ ʥʘ 

ʦʩʥʦʚʝ ʬʪʦʨʠʜʥʳʭ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʨʦʣʴʶ ʛʠʜʨʠʜʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ ʚ ʨʝʘʢʮʠʠ. ʇʨʠ 

ʵʪʦʤ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʦʣʴʬʨʘʤʘ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ, ʯʝʤ ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ, 

ʘ ʚ ʩʣʫʯʘʝ ʬʪʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʘʦʙʦʨʦʪ, ʢʦʤʧʣʝʢʩʳ ʤʦʣʠʙʜʝʥʘ ʘʢʪʠʚʥʝʝ ʚʦʣʴʬʨʘʤʦʚʳʭ 

ʘʥʘʣʦʛʦʚ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ [W3S4H3(dmpe)3]
+
 ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 90% ʠ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ 

TON = 90 (ʤʦʣʴ ʧʨʦʜʫʢʪʘ ʥʘ 1 ʤʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʦʤʧʣʝʢʩ [Mo3S4H3(dmpe)3]
+
 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 60% ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʠ TON = 60. ɼʣʷ ʢʦʤʧʣʝʢʩʘ [Mʦ3S4F3(dmpe)3]
+
 ʚʳʭʦʜ 

ʩʦʩʪʘʚʣʷʝʪ 51% (TON = 51), ʘ ʜʣʷ [W3S4F3(dmpe)3]
+
 - 31% (TON = 31). ʈʝʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʯʝʨʝʟ ʯʘʩʪʠʯʥʫʶ ʜʝʢʦʦʨʜʠʥʘʮʠʶ ʜʠʬʦʩʬʠʥʦʚʦʛʦ ʣʠʛʘʥʜʘ, ʘ ʩʪʨʦʝʥʠʝ ʠʥʪʝʨʤʝʜʠʘʪʘ (ʨʠʩ. 45) 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʶ [20]. 
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ʈʠʩ. 45. ʏʝʪʳʨʝʭʮʝʥʪʨʦʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ MĿĿĿHĿĿĿFĿĿĿC 

 

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʤʝʥʘ ʣʠʛʘʥʜʘ dmpe ʥʘ ʤʝʥʝʝ ʦʩʥʦʚʥʳʡ dppe ʚ 

ʛʠʜʨʠʜʥʳʭ ʠʣʠ ʬʪʦʨʠʜʥʳʭ ʢʣʘʩʪʝʨʘʭ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʦ 

ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʘʢʪʠʚʘʮʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʦʡ, 

ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʥʠʞʝʥʘ ʜʦ 115Üʉ [148]. ʇʨʠ ʵʪʦʤ ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʚʦʣʴʬʨʘʤʘ 

[W3S4H3(dppe)3]
+
 ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ, ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 55% 

(87% ʚ ʩʣʫʯʘʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʘʢʪʠʚʘʮʠʠ), ʘ TON ʚʦʟʨʘʩʪʘʝʪ ʜʦ 124. 

ʄʦʣʠʙʜʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʠʛʨʳʚʘʝʪ ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʞʝ ʘʥʘʣʦʛʫ ʩ ʣʠʛʘʥʜʦʤ dmpe, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʩʝʛʦ ʣʠʰʴ 21%-ʥʳʡ ʚʳʭʦʜ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ 31. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʬʪʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ dmpe, ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ [M3S4F3(dppe)3]
+
 ʚʦʣʴʬʨʘʤʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʘʢʪʠʚʥʝʝ ʤʦʣʠʙʜʝʥʦʚʳʭ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 65%-ʥʳʡ ʚʳʭʦʜ ʠ TON = 94 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 19%-

ʥʳʤ ʚʳʭʦʜʦʤ ʠ ʯʠʩʣʦʤ ʦʙʦʨʦʪʦʚ 27 ʚ ʩʣʫʯʘʝ ʤʦʣʠʙʜʝʥʘ. 

 

1.2.2.1.2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦ- ʠ ʘʟʦʩʦʝʜʠʥʝʥʠʡ 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʠʥʪʝʨʤʝʜʠʘʪʘʤʠ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

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

ʚʩʝʛʦ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʩʥʦʚʘʥʦ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʥʠʪʨʦʘʨʝʥʦʚ ʠʣʠ (ʨʝʞʝ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʘʟʦʩʦʝʜʠʥʝʥʠʡ [149-152]. ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʠ 

ʨʘʟʣʠʯʥʳʭ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ, ʜʦʩʪʠʛʥʫʪʳʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʵʪʦʪ ʤʝʪʦʜ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚʩʝ 

ʝʱʝ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʩʧʦʩʦʙʥʳʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ [152-157]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʣʝʢʪʠʚʥʳʭ 

ʛʦʤʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʩʣʦʞʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʤʠʥʳ, ʷʚʣʷʝʪʩʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʧʦʜʭʦʜʦʤ. ʆʜʥʘ 
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ʠʟ ʘʣʴʪʝʨʥʘʪʠʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʛʠʜʨʠʨʦʚʘʥʠʶ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʞʝʩʪʢʠʝ 

ʫʩʣʦʚʠʷ (ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ) ï ɻ ʪʦ ʛʠʜʨʠʨʦʚʘʥʠʝ ʩ ʧʝʨʝʥʦʩʦʤ ʚʦʜʦʨʦʜʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʘʥʦʚ ʚ 

ʛʦʤʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʪʠ ʧʦʜʭʦʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ.  

ʂʣʘʩʪʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ {Mo3S4}, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʜʠʬʦʩʬʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

(dmpe), ʦʢʘʟʘʣʠʩʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʭʝʤʦʩʝʣʝʢʪʠʚʥʳʤʠ ʛʦʤʦʛʝʥʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʢʘʢ ʜʣʷ 

ʪʨʘʥʩʬʝʨʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦʘʨʝʥʦʚ, ʪʘʢ ʠ ʜʣʷ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʥʠʪʨʦ- ʠ 

ʘʟʦʩʦʝʜʠʥʝʥʠʡ [7, 158]. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʤʝʩʠ 

HCOOH/Et3N ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (ʨʠʩ. 46). 

 

ʈʠʩ. 46. ʈʝʘʢʮʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʠʪʨʦʙʝʥʟʦʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

ɺʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ ʢʘʢ ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ 

[Mo3S4H3(dmpe)3]
+
, ʪʘʢ ʠ ʭʣʦʨʠʜʥʳʡ [Mo3S4Cl3(dmpe)3]

+
. ʍʣʦʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʧʨʝ-

ʢʘʪʘʣʠʟʘʪʦʨʦʤ (ʩʤ. ʨʠʩ. 47), ʢʦʪʦʨʳʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʪʨʳʚʦʤ CO2, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ [Mo3S4H3(dmpe)3]
+
, ʢʦʪʦʨʳʡ, ʩʦʛʣʘʩʥʦ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʦʡ ʠ ʥʝ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʨʘʛʤʝʥʪʘʮʠʠ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʅʉʆʆʅ ʨʝʘʛʠʨʫʝʪ ʩ ʛʠʜʨʠʜʥʳʤ 

ʣʠʛʘʥʜʦʤ ʢʣʘʩʪʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʘʙʦʡ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʛʠʜʨʠʜʦʤ ʠ ʧʨʦʪʦʥʦʤ 

ʬʦʨʤʠʘʪʘ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ɓ-ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʦʨʤʠʘʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʘ ʦʙʨʘʟʫʶʱʠʡʩʷ ʚʦʜʦʨʦʜ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʥʠʪʨʦʙʝʥʟʦʣ. ɻʠʜʨʠʨʦʚʘʥʠʝ 

ʥʠʪʨʦʛʨʫʧʧʳ ʧʨʦʠʩʭʦʜʠʪ ʩʝʣʝʢʪʠʚʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʦʣʴʰʦʤʫ ʨʷʜʫ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ R, ʪʘʢʠʭ ʢʘʢ ʘʣʢʠʣʴʥʳʝ, ʚʠʥʠʣʴʥʳʝ, 

ʛʘʣʦʛʝʥʠʜʥʳʝ, ʘʤʠʜʥʳʝ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ, ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʦʵʬʠʨʥʳʝ, ʘʤʠʥʦ- ʠ ʢʝʪʦʛʨʫʧʧʳ, 

ʩʧʠʨʪʦʚʳʝ ʠ ʪʠʦʩʧʠʨʪʦʚʳʝ, 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-ʜʠʤʝʪʠʣʥʠʪʨʦʙʝʥʟʦʣʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʢʦʥʚʝʨʩʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 98%) ʢʦʥʚʝʨʩʠʷ ʧʨʝʚʳʰʘʝʪ 99%. ʄʠʥʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 89% ʚ 

ʩʣʫʯʘʝ ʩʫʣʴʬʦʥʘʤʠʜʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʭʦʜ ʙʣʠʟʦʢ ʢ 

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

ʚʦʜʦʨʦʜ ʚʤʝʩʪʦ HCOOH/Et3N. ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚʦʜʦʨʦʜʦʤ, 
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ʧʦʣʫʯʘʝʤʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʤʫʨʘʚʴʠʥʦʡ ʢʠʩʣʦʪʳ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʣʦʞʝʥʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ (ʨʠʩ. 47) [7]. 

 

ʈʠʩ. 47. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʣʘʩʪʝʨʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ʥʠʪʨʦʙʝʥʟʦʣʘ 

 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʘʪʘʣʠʟʠʨʫʶʪʩʷ ʢʣʘʩʪʝʨʦʤ, ʘ ʥʝ 

ʧʨʦʜʫʢʪʘʤʠ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʧʨʦʚʦʜʠʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 

ʤʦʣʠʙʜʝʥʘ ʙʦʣʝʝ ʥʠʟʢʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ dmpe. 

ɺ ʪɻʠʭ ʫʩʣʦʚʠʷʭ ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ. ɼʨʫʛʠʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʩʦʭʨʘʥʝʥʠʷ 

ʢʣʘʩʪʝʨʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʨʝʘʢʮʠʡ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ESI-MS), ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ. 

ʈʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦ- ʠ ʘʟʦʩʦʝʜʠʥʝʥʠʡ ʩʠʣʘʥʘʤʠ ʠʟʫʯʘʣʠʩʴ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

[Mo3S4Cl3(dmen)3](BF4) (dmen ï N, N'-ʜʠʤʝʪʠʣʵʪʠʣʝʥʜʠʘʤʠʥ), ʚ ʢʦʪʦʨʦʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʦʨʦʛʦʡ 

ʠ ʥʝʫʩʪʦʡʯʠʚʳʡ ʢ ʦʢʠʩʣʝʥʠʶ ʬʦʩʬʠʥʦʚʳʡ ʣʠʛʘʥʜ [159], ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʡ ʠ 

ʫʩʪʦʡʯʠʚʳʡ ʜʠʘʤʠʥ. ɼʠʘʤʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʦʣʫʯʝʥ ʦʙʨʘʙʦʪʢʦʡ (Bu4N)2[Mo3S7Cl6] ʠʟʙʳʪʢʦʤ 

ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ dmen ʠ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʘʜʜʫʢʪʘ 

HBF4ĿEt2O. ʕʪʦ ʧʝʨʚʳʡ ʧʨʠʤʝʨ ʪʨʝʫʛʦʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʩ ʜʠʘʤʠʥʦʤ [158]. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ, ʩʭʦʞʠʭ ʩ ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ, ʪʦʣʴʢʦ ʚʤʝʩʪʦ ʩʤʝʩʠ 

HCOOH/Et3N ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʠʣʘʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, Ph2SiH2. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʠʘʤʠʥʦʚʳʡ 

ʢʦʤʧʣʝʢʩ (ʢʘʢ ʠ ʜʠʬʦʩʬʠʥʦʚʳʡ) ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ 

ʧʨʠʩʫʪʩʚʠʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ (ʘʣʢʠʣʴʥʳʝ, ʘʣʣʠʣʴʥʳʝ, ʛʘʣʦʛʝʥʠʜʥʳʝ, ʘʤʠʜʥʳʝ, ʮʠʘʥʠʜʥʳʝ, 

ʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʠ ʜʨ.). ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʜʠʘʤʠʥʦʚʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ 

99%-ʥʫ ʁʢʦʥʚʝʨʩʠʶ ʠ ʚʳʭʦʜ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʠʩʧʦʣʴʟʫʷ ʤʷʛʢʠʝ ʫʩʣʦʚʠʷ (ʢʦʤʥʘʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʠʬʦʩʬʠʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʧʨʠ 80ʉ̄. ʂʨʦʤʝ ʪʦʛʦ, 
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ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ [Mo3S4Cl3(dmen)3](BF4) ʪʘʢʞʝ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʠ ʚ ʩʣʫʯʘʝ 

ʘʟʦʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ. 48), ʭʦʪʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʝʚʘʥʠʝ [158]. 

 

ʈʠʩ. 48. ʈʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʘʟʦʩʦʝʜʠʥʝʥʠʡ ʜʠʬʝʥʠʣʩʠʣʘʥʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʜʠʘʤʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ{Mo3S4} 

 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʠʪʨʦʘʨʝʥʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʠʣʠʥʦʚ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʧʦ ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ ʤʘʨʰʨʫʪʘʤ (ʨʠʩ. 49): 1) ʧʨʷʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩ ʫʯʘʩʪʠʝʤ 

ʥʠʪʨʦʟʦʘʨʝʥʘ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʛʠʜʨʦʢʩʠʣʘʤʠʥʘ ʠ 2) ʨʝʘʢʮʠʠ ʢʦʥʜʝʥʩʘʮʠʠ ʵʪʠʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʟʦʢʩʠʘʨʝʥʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ in situ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʟʦ- ʠ ʛʠʜʨʘʟʦʧʨʦʠʟʚʦʜʥʳʭ [160, 161]. 

 

ʈʠʩ. 49. ʇʨʝʜʣʘʛʘʝʤʳʝ ʧʫʪʠ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʠʪʨʦʘʨʝʥʦʚ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʠʣʠʥʦʚ. ɺ 

ʨʘʤʢʝ ʚʳʜʝʣʝʥ ʧʫʪʴ ʧʨʷʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʦʩʪʘʣʴʥʦʝ ï ʤʘʨʰʨʫʪ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʮʠʶ 

 

ɽʩʣʠ ʥʠʪʨʦʙʝʥʟʦʣ ʚ ʵʪʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʟʘʤʝʥʠʪʴ ʥʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʝ 

ʠʥʪʝʨʤʝʜʠʘʪ rʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (N-ʬʝʥʠʣʛʠʜʨʦʢʩʠʣʘʤʠʥ, ʥʠʪʨʦʟʦʙʝʥʟʦʣ, ʘʟʦʢʩʠʙʝʥʟʦʣ ʠ 

ʘʟʦʙʝʥʟʦʣ), ʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [Mo3S4Cl3(dmen)3](BF4) ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʢʘʨʪʠʥʘ. 

ɸʟʦʢʩʠʙʝʥʟʦʣ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʥʠʣʠʥ (ʢʦʥʚʝʨʩʠʷ ï 39 %, ʚʳʭʦʜ ï 32 %), ʚ ʪʦ 
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ʚʨʝʤʷ ʢʘʢ N-ʬʝʥʠʣʛʠʜʨʦʢʩʠʣʘʤʠʥ ʠ ʥʠʪʨʦʟʦʙʝʥʟʦʣ ʜʘʚʁ ʪ ʘʥʠʣʠʥ ʩ ʚʳʭʦʜʘʤʠ 92 ʠ 86 %, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʧʨʷʤʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (ʥʘ ʨʠʩ. 49 ʚʳʜʝʣʝʥ ʨʘʤʢʦʡ) [158]. 

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

ʨʝʘʢʮʠʡ ʢʣʘʩʪʝʨʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʩʪʨʫʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʯʝʪʳʨʝʭʮʝʥʪʨʦʚʳʭ ʛʠʜʨʠʜʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ MoĿĿĿClĿĿĿHĿĿĿSi ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʜʠʬʦʩʬʠʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [7, 147, 162], ʦʜʥʘʢʦ ʙʦʣʝʝ ʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʢʘ ʥʝ ʷʩʝʥ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʦʜʦʨʦʜʦʤ ʚʤʝʩʪʦ 

ʩʠʣʘʥʘ ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʠʪʨʦʘʨʝʥʦʚ, ʯʪʦ ʦʧʨʦʚʝʨʛʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʚʦʜʦʨʦʜʦʤ, ʦʙʨʘʟʫʶʱʠʤʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʠʣʘʥʘ ʩ 

ʤʝʪʘʥʦʣʦʤ [158]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʨʘʙʦʪʳ [158] ʙʳʣ ʦʧʠʩʘʥ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʠʤʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʫʙʩʪʨʘʪʦʚ ʩʠʣʘʥʘʤʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʦʤ ʤʦʣʠʙʜʝʥʘ. ʕʪʦ ʨʝʘʢʮʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʠʣ-4-ʥʠʪʨʦʙʝʥʟʦʘʪʘ ʬʝʥʠʣʩʠʣʘʥʦʤ PhSiH3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ MoO2Cl2 ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʆʥʘ ʧʨʦʪʝʢʘʝʪ ʩʝʣʝʢʪʠʚʥʦ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ 

(ʜʣʠʪʝʣʴʥʦʝ ʢʠʧʷʯʝʥʠʝ ʚ ʪʦʣʫʦʣʝ) [163]. ʅʘʧʨʦʪʠʚ, ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ [Mo3S4Cl3(dmen)3]
+
 

ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʠʪʨʦ- ʠ ʘʟʦʘʨʝʥʦʚ ʧʨʦʪʝʢʘʶʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ (ʜʦ 80Üʉ). 

 

1.2.2.1.3. ʌʦʪʦ- ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʣʘʩʪʝʨʦʚ 

{Mo3S4} ʠ {Mo3S7} 

ʌʦʪʦ- ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʠ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʌʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ [164, 165]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ 

ʢʘʯʝʩʪʚʝ ʥʝʜʦʨʦʛʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʢʦʤʧʣʝʢʩʘʤ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʧʦʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʩʫʣʴʬʠʜʦʚ ʤʦʣʠʙʜʝʥʘ ʜʣʷ ʬʦʪʦ- ʠ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʳ [166]. 

ɺʳʜʝʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʪʦʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʩʪʘʜʠʠ: ʘ) ʛʝʥʝʨʘʮʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʘʨ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʩ ʧʦʤʦʱʴʶ ʧʦʛʣʦʱʝʥʠʷ 

ʩʚʝʪʘ; ʙ) ʤʠʛʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ; ʚ) ʵʬʬʝʢʪʠʚʥʳʡ 

ʧʝʨʝʥʦʩ ʬʦʪʦʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ ʩʦ-ʢʘʪʘʣʠʟʘʪʦʨʘ, 

ʢʦʪʦʨʳʡ ʘʜʩʦʨʙʠʨʦʚʘʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʜʳʨʢʠ ʜʦʣʞʥʳ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʣʠʙʦ ʥʘ ʚʦʜʫ, ʣʠʙʦ ʥʘ ʜʨʫʛʠʝ ʜʦʥʦʨʳ ʵʣʝʢʪʨʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ, ʥʘʧʨʠʤʝʨ, ʥʘ S
2-
 ʠʣʠ 

SO3
2-
. 

ʌʦʪʦʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ: 2H2O Ÿ 2H2 + O2 

ʈʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ: 
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ʘ) ʚ ʢʠʩʣʦʪʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ: 2H
+
(aq)+ 2e

-
 Ÿ H2(ʛ) 

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

-
(aq). 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚ ʱʝʣʦʯʥʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʪʘʢʞʝ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʦʢʠʩʣʝʥʠʝ ʚʦʜʳ ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ: 2H2O - 4e
-
 Ÿ 4H

+
 + O2 [167]. 

ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʜʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝʥʘ MoS2 ʩ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʘʤʦʨʬʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʨʝʘʢʮʠʷʭ ʚʳʜʝʣʝʥʠʷ H2 (HER) [168, 169]. ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ TiO2 [169, 170], CdS 

[171], Si [172, 173] ʠ ʦʢʩʠʜʦʚ ʤʝʜʠ (I/II) [174] ʥʘʥʦʯʘʩʪʠʮʘʤʠ MoS2 ʩ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʘ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʪʨʝʫʛʦʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ 

(ʨʠʩ. 50) ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʚ ʥʘʥʦʢʨʠʩʪʘʣʣʘʭ MoS2, ʥʘʯʘʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʪʦʧʦʣʦʛʠʝʡ. 

 

ʈʠʩ. 50. ʊʦʧʦʣʦʛʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ MoS2 (ʩʣʝʚʘ) ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʷʜʨʘ {Mo3S7} (ʩʧʨʘʚʘ) 

 

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

ʢʦʤʧʣʝʢʩ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʠʨʦʣʠʪʠʯʝʩʢʠʡ ʛʨʘʬʠʪ, ʪʘʢʞʝ ʢʘʢ ʠ MoS2 

[175], ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʏʘʩʪʦʪʘ ʦʙʦʨʦʪʘ TOF (ʯʠʩʣʦ 

ʤʦʣʝʡ ʩʫʙʩʪʨʘʪʘ, ʧʨʝʚʨʘʱʝʥʥʳʭ ʦʜʥʠʤ ʤʦʣʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʝʢʫʥʜʫ) ʥʘ ʤʦʣʝʢʫʣʫ 

[Mo3S4(H2O)9]
4+
 ʨʘʚʥʘ 0.07 c

-1
, ʯʪʦ ʚ 3.5 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʥʘʥʦʨʘʟʤʝʨʥʦʛʦ MoS2 [176], ʥʦ ʥʘ 

ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ Pt ʠʣʠ Pd, ʩʦʧʦʩʪʘʚʠʤʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʜʨʫʛʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ Ni, Cu ʠʣʠ W [177]. 

ɸʢʚʘ-ʢʦʤʧʣʝʢʩʳ [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)), 

ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʥʦʩʠʪʝʣʴ ʨ-ʪʠʧʘ (ʨʠʩ. 51), ʥʘʧʨʠʤʝʨ, Si, ʪʘʢʞʝ 

ʢʘʪʘʣʠʟʠʨʫʶʪ ʨʘʩʱʝʧʣʝʥʠʝ ʚʦʜʳ ʥʘ ʢʠʩʣʦʨʦʜ ʠ ʚʦʜʦʨʦʜ [21, 178]. 
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ʈʠʩ. 51. ʀʟʦʙʨʘʞʝʥʠʝ ʪʘʥʜʝʤʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʬʦʪʦʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʚʦʜʳ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʥʘ ʦʩʥʦʚʝ W ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʚʳʜʝʣʝʥʠʶ 

ʚʦʜʦʨʦʜʘ, ʯʝʤ ʜʣʷ ʠʭ Mo ʘʥʘʣʦʛʦʚ, ʘ ʬʦʪʦʵʣʝʢʪʨʦʜʳ, ʜʝʢʦʨʠʨʦʚʘʥʥʳʝ ʢʦʙʘʣʴʪʩʦʜʝʨʞʘʱʠʤʠ 

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 

ʧʦʪʝʥʮʠʘʣʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʫʨʝʘʢʮʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʜʦʢʩ-

ʧʦʪʝʥʮʠʘʣʦʤ) ʩʠʩʪʝʤʳ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 8 ʤA/ʩʤ
2
 ʩʦʩʪʘʚʣʷʝʪ -0.81 ɺ 

(ʜʣʷ W) ʠ -0.55 ɺ (ʜʣʷ Mo) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʴʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʅɺʕ), ʘ ʪʘʢʞʝ -

0.82 ɺ ʠ -0.53 ɺ ʜʣʷ ʠʭ ʢʫʙʘʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ (M3S4Cu), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ 

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

ʅɺʕ. ʇʨʠ ʜʝʢʦʨʠʨʦʚʘʥʠʠ ʢʣʘʩʪʝʨʘʤʠ (ʨʠʩ. 52) ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʩʜʚʠʛ ʧʦʪʝʥʮʠʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0.3 ʜʦ 0.35 ɺ ʜʣʷ W-ʩʦʜʝʨʞʘʱʠʭ ʢʣʘʩʪʝʨʦʚ ʠ ʜʦ 0.6 ɺ ʜʣʷ 

ʢʣʘʩʪʝʨʦʚ ʄʦ. 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) [178].  
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ʈʠʩ. 52. 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}, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʪʁ ʟʘ ʧʦʛʣʦʱʝʥʠʝ ʬʦʪʦʥʘ 

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

ʬʦʪʦʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨ {MoSʭ} ʬʫʥʢʮʠʦʥʠʨʫʝʪ 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), ʟʘʭʚʘʪʳʚʘʶʱʝʛʦ ʢʚʘʥʪʳ ʩʚʝʪʘ, ʯʝʨʝʟ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʫʶ ʧʦʜʣʦʞʢʫ ʢ ʘʢʪʠʚʥʳʤ ʛʨʘʥʷʤ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʟʘʪʦʨʘ {MoS2} 

 

ʉʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʪʠʥʦʚʦʛʦ ʩʦ-ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ p-Si. 

ʇʦʣʫʯʝʥʥʘʷ ʜʚʫʭʬʦʪʦʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʦʣʥʝʯʥʘʷ ʷʯʝʡʢʘ (ʵʣʝʢʪʨʦʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʛʣʦʱʝʥʠʷ 

ʜʚʫʭ ʬʦʪʦʥʦʚ ʚʥʝʰʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʠʟ ʦʜʥʦʛʦ ʩʚʷʟʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ, ʧʨʠ 

ʵʪʦʤ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ ʵʣʝʢʪʨʦʥʘ ʨʘʚʥʘ ʩʫʤʤʝ ʵʥʝʨʛʠʡ ʜʚʫʭ ʬʦʪʦʥʦʚ) 

ʚʳʜʝʣʷʝʪ ʚʦʜʦʨʦʜ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʨʘʩʥʳʤ ʠ ʠʥʬʨʘʢʨʘʩʥʳʤ ʩʚʝʪʦʤ. 

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 

ʨʘʟʤʝʨʫ, 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
%. 

ʂʣʘʩʪʝʨ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʢʨʘʝʚʳʤ ʫʯʘʩʪʢʘʤ ʧʦʜʣʦʞʢʠ, ʧʨʝʜʦʩʪʘʚʣʷʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʬʬʝʢʪʠʚʥʳʭ ʘʢʪʠʚʥʳʭ-ʮʝʥʪʨʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ H2 [11]. 
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ʂʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʦʮʝʩʩʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʳ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʠ 

ʢʦʤʧʣʝʢʩʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʦʚ {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 [18]. ɿʥʘʯʝʥʠʝ TOF 

ʩʦʩʪʘʚʣʷʝʪ 3 ʩ
-1
 ʧʨʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʠ 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, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [176]. ʇʦʚʳʰʝʥʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʣʘʩʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [Mo3S7(S2)3]
2- 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʚʘ-ʢʦʤʧʣʝʢʩʦʤ {Mo3S4}

4+
aq (0.07 c

-1
, [175]) 

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. 53), ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʧʨʦʮʝʩʩʝ, TON 

ʜʦʩʪʠʛʘʝʪ ~3.5Ŀ10
3
 ʤʦʣʴ H2 ʥʘ ʤʦʣʴ ʢʘʪʘʣʠʟʘʪʦʨʘ [179]. 

 

ʈʠʩ. 53. ʆʙʨʘʟʦʚʘʥʠʝ [(py5Me2)MoS2]
2+
 ʠʟ [(py5Me2)Mo(CF3SO3)]

+
 ʠ S8 

 

ʆʙʝʩʮʚʝʯʠʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʘʩʠʪʝʣʝʡ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 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 ʦʢʩʦʙʨʦʤʠʜ BiOBr - ʩʪʘʙʠʣʴʥʳʡ, ʦʙʣʘʜʘʶʱʠʡ 

ʧʦʜʭʦʜʷʱʝʡ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʘʢʪʠʚʥʳʡ ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ ʪʘʢʠʭ 

ʢʨʘʩʠʪʝʣʝʡ ʢʘʢ ʨʦʜʘʤʠʥʘ B, ʙʠʩʬʝʥʦʣʘ A ʠ ʤʝʪʠʣʝʥʦʚʦʛʦ ʩʠʥʝʛʦ [180-182], ʬʦʪʦʜʝʛʨʘʜʘʮʠʠ 

ʤʠʢʨʦʮʠʩʪʠʥʘ-LR (ʪʦʢʩʠʥ, ʧʨʦʠʟʚʦʜʠʤʳʡ ʮʠʘʥʦʙʘʢʪʝʨʠʝʡ) ʠ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ D-

ʛʣʫʪʘʤʠʥʦʚʦʡ ʠ ʤʝʪʠʣ-D-ʘʩʧʘʨʘʛʠʥʦʚʦʡ ʢʠʩʣʦʪ (ʨʠʩ. 54) [183]. ɺ ʢʘʯʝʩʪʚʝ 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 



74 

 

(ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ S
2-
). ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʜʨʫʛʠʭ ʩʦ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʙʣʘʛʦʨʦʜʥʳʝ 

ʤʝʪʘʣʣʳ, ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

 

ʈʠʩ. 54. ʌʦʪʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʩʫʙʩʪʨʘʪʳ: A ï ʨʦʜʘʤʠʥ B; B ï ʙʠʩʬʝʥʦʣ ɸ; C ï ʤʝʪʠʣʝʥʦʚʳʡ ʩʠʥʠʡ; D ï 

ʤʠʢʨʦʮʠʩʪʠʥ-LR; E ï ʛʣʫʪʘʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ; F ï ʤʝʪʠʣ-D-ʘʩʧʘʨʘʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

 

ʉʦʦʙʱʘʝʪʩʷ ʦ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ [Mo3S13]
2-
/BiOBr, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʩʦ-

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʧʦʤʷʥʫʪʳʡ ʚʳʰʝ ʩʫʣʴʬʠʜʥʳʡ ʢʦʤʧʣʝʢʩ [Mo3S13]
2-
. ʂʦʤʧʦʟʠʪ 

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

ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ (C16H33(CH3)3NBr), ʨʘʩʪʚʦʨʦʤ (NH4)2[Mo3S13] ʠ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʨʦʜʘʤʠʥʘ ɺ.  

ɸʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʘʢʪʠʚʥʦʩʪʷʤʠ ʢʦʤʧʦʟʠʪʦʚ Pt/TiO2, 

[Mo3S13]
2-
/TiO2 ʠ Pt/BiOBr [22]. ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩ. 55) ʧʦʢʘʟʳʚʘʶʪ 

ʧʦʣʥʦʝ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʨʦʜʘʤʠʥʘ ɺ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʢ 5% ʧʦ ʤʘʩʩʝ [Mo3S13]
2-
/BiOBr 

ʠ [Mo3S13]
2-
/TiO2, ʪʘʢ ʠ 1% 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. 55. ʌʦʪʦʢʘʪʘʣʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʦʙʝʩʮʚʝʯʠʚʘʥʠʠ ʨʦʜʘʤʠʥʘ ɺ - ʩʨʘʚʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʝʡ: (ʩʣʝʚʘ) 1% Pt/TiO2 
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ʠ 5% [Mo3S13]
2-
/TiO2 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʦʙʣʫʯʝʥʠʷ ʠ 5% [Mo3S13]

2-
/BiOBr ʠ 1% Pt/BiOBr ʧʦʜ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ; 

(ʩʧʨʘʚʘ) 1% Pt/BiOBr ʠ 5% [Mo3S13]
2-
/BiOBr ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ, ʚʢʣʘʜʳʰ ï ʚ ʧʨʠʩʫʪʩʪʚʠʠ S

2- 

 

 

1.2.2.1.4. ɻʘʟʦʬʘʟʥʦʝ ʧʦʣʫʯʝʥʠʝ ʘʣʴʜʝʛʠʜʦʚ 

ʆʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʘʢʪʠʚʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʜʦʩʪʫʧʥʳʭ ʩʪʝʧʝʥʝʡ 

ʦʢʠʩʣʝʥʠʷ ʠ ʠʭ ʩʪʨʫʢʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʘʣʣ-ʦʢʩʦ 

(M=O), ʛʠʜʨʦʢʩʦ- (ʄ-ʆʅ) ʠʣʠ ʘʣʢʦʢʩʦ (M-OR) ̫ʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʚ ʠʥʪʝʨʤʝʜʠʘʪʘʭ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʘʭ ʘʢʪʠʚʘʮʠʠ ʩʚʷʟʠ C-ʅ ʠʣʠ O-H ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʘʭ. ʆʢʩʠʜʳ 

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

ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʧʠʨʪʦʚ ʚ ʘʣʴʜʝʛʠʜʳ ʠʣʠ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʘʣʢʘʥʦʚ 

[184, 185]. ʆʜʥʘʢʦ, ʦʪʯʘʩʪʠ ʠʟ-ʟʘ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʩʦʩʪʘʚʘ ʚ ʨʝʘʣʴʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʜʝʪʘʣʴʥʦ ʥʝ ʠʟʚʝʩʪʥʳ ʜʝʪʘʣʠ ʤʝʭʘʥʠʟʤʦʚ ʤʥʦʛʠʭ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʦʢʩʠʜʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʣʫʯʰʝʥʥʳʭ ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʥʦʛʦ ʫʩʠʣʠʡ ʪʨʘʪʠʪʩʷ ʥʘ ʘʥʘʣʠʟ ʩʣʦʞʥʦʡ 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 

[184]. 

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʘʟʦʬʘʟʥʦʡ ʘʢʪʠʚʘʮʠʠ ʤʝʪʘʥʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʣʦʛʝʥʠʜʦʚ ʄʍ2 

(M = Fe, Co, Ni; X = Br, I) ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ.ʧʦʢʘʟʳʚʝʪ, 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 ï ʉ-ʅ, ʘ ʚ ʩʣʫʯʘʝ M = Co ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʘʢʪʠʚʘʮʠʷ ʠʜʝʪ ʩʨʘʟʫ ʧʦ ʦʙʝʠʤ ʩʚʷʟʷʤ [186]. 

ʂʣʘʩʪʝʨʳ ʩ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʶʪʩʷ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʤʝʨʥʳʝ 

ʵʬʬʝʢʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʤʝʨʥʳʡ ʘʥʠʦʥ [Mo2O6(OH)]
-
 ɻ ʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʛʘʟʦʬʘʟʥʦʝ 

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

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ [187]. ɻʘʟʦʬʘʟʥʳʡ ʪʨʠʤʝʨʥʳʡ ʦʢʩʠʜ ʚʦʣʴʬʨʘʤʘ(VI) ʩ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ {W3(ɛ-O)3O6}, ʩʚʦʙʦʜʥʳʡ ʠ/ʠʣʠ ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

TiO2, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦ ʢʘʪʘʣʠʟʠʨʫʝʪ ʜʝʛʠʜʨʘʪʘʮʠʶ ʩʧʠʨʪʦʚ, ʥʘʧʨʠʤʝʨ, 2-ʧʨʦʧʘʥʦʣʘ ʚ ʧʨʦʧʝʥ 

[188]. ʊʨʝʭʲʷʣʝʨʥʳʝ ʢʣʘʩʪʝʨʳ {M3(ɛ3-S)(ɛ-S)3} (M = Mo, W) ʥʘʧʦʤʠʥʘʶʪ ʧʦ ʩʪʨʦʝʥʠʶ 

ʬʨʘʛʤʝʥʪ {W3(ɛ-O)3O6} (ʨʠʩ. 56), ʧʦʵʪʦʤʫ ʦʥʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʫʜʦʙʥʳʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʪʘʢʠʭ ʨʝʘʢʮʠʡ. 
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ʈʠʩ. 56. 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 ʧʦʣʫʯʝʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʠ 

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

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʧʫʪʴ ʛʘʟʦʬʘʟʥʦʡ 

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

{W3S4} ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʢ ʤʝʪʘʣʣʫ W-Br, W=O ʠ W-OH ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʩʧʨʝʝʤ ʢʣʘʩʪʝʨʥʳʝ ʢʘʪʠʦʥʳ ʚʠʜʘ 

[W3S4(dmpe)2(OH)O]
+
 ʘʢʪʠʚʠʨʫʶʪ ʤʝʪʘʥʦʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʦʢʩʦ-ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 57). 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 ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʝʪ ʨʝʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʚ 

[W3S4(dmpe)2(OH)3]
+
 [189].  

 

ʈʠʩ. 57. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ 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 

 

ʊʘʢʞʝ ʢʘʢ ʠ ʤʝʪʦʢʩʦ-ʢʦʤʧʣʝʢʩ, ʵʪʦʢʩʦ-ʢʦʤʧʣʝʢʩ [W3S4(dmpe)2(OCH2CH3)O]
+
 ʦʙʨʘʟʫʝʪʩʷ 

ʠʟ [W3S4(dmpe)2(OH)3]
+
 ʚ ʧʨʠʩʫʩʪʚʠʠ ʵʪʘʥʦʣʘ ʚ ʫʩʣʦʚʠʷʭ ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʩʧʨʝʝʤ. ʇʨʠ ʵʪʦʤ 

ʚ ʫʩʣʦʚʠʷʭ CID-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (CID ð ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ 
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ʩʪʦʣʢʥʦʚʝʥʠʝʤ ʜʠʩʩʦʮʠʘʮʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʘʮʝʪʘʣʴʜʝʛʠʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

[W3S4(dmpe)2(H)O]
+
. 

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

+
 + CH3CD 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʝʡʪʝʨʠʝʚʦʡ ʤʝʪʢʦʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʚʦʜʦʨʦʜʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ Ŭ-ʧʦʣʦʞʝʥʠʷ ʵʪʦʢʩʦ-

ʣʠʛʘʥʜʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ DFT ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʤʝʭʘʥʠʟʤʘ: ʦʜʠʥ ʠʟ ʥʠʭ 

ʩ ʧʝʨʝʥʦʩʦʤ ʚʦʜʦʨʦʜʘ ʦʪ Ŭ-ʧʦʣʦʞʝʥʠʷ ʘʣʢʦʢʩʦ-ʣʠʛʘʥʜʘ ʢ ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʩʦʩʝʜʥʝʡ ʛʨʫʧʧʳ 

W=O (ʨʠʩ. 58), ʘ ʜʨʫʛʦʡ ʩ ʧʝʨʝʥʦʩʦʤ ʛʠʜʨʠʜʘ ʠʟ Ŭ-ʧʦʣʦʞʝʥʠʷ ʘʣʢʦʢʩʦ-ʣʠʛʘʥʜʘ ʥʘ 

ʤʝʪʘʣʣʦʮʝʥʪʨ [187]. 

 

ʈʠʩ. 58. 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 ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʤʝʥʝʥʳ ʥʘ Pʅ3 

(ʨʠʩ. 59), 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 

ʢʦʥʢʫʨʠʨʦʚʘʪʴ. ʇʝʨʝʥʦʩ ʧʨʦʪʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʤʠʯʣʝʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ (ʨʠʩ. 

60), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʨʝʜʘʯʘ ʛʠʜʨʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭʮʝʥʪʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʤʝʪʘʣʣʦʤ ʠ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʵʪʦʢʩʠ-ʛʨʫʧʧʳ [190]. 

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

+
 (Pi)+ CH3CHO 
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ʈʠʩ. 59. 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]

+ 

 

 

ʈʠʩ. 60. ʉʪʨʦʝʥʠʝ ʩʝʤʠʯʣʝʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʧʝʨʝʥʦʩʝ H ʠʟ Ŭ-ʧʦʣʦʞʝʥʠʷ ʵʪʦʢʩʦ-ʣʠʛʘʥʜʘ ʢ 

ʘʪʦʤʫ ʢʠʩʣʦʨʦʜʘ ʩʦʩʝʜʥʝʡ ʛʨʫʧʧʳ W=O 
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ʊ ʘ ʙ ʣ ʠ ʮ ʘ  4  

ɼʘʥʥʳʝ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʨʝʭʲʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʦʙʟʦʨʝ 

ʂʘʪʘʣʠʟʘʪʦʨ ʈʝʘʢʮʠʷ ʉʩʳʣʢʘ 

[M3S4X3(dmpe)3]
+
, ʛʜʝ ʄ = ʄʦ 

ʠʣʠ W, ʍ = H ʠʣʠ F 

ʈʝʘʢʮʠʷ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʷ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʘʥʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ 

[[20] 

[M3S4X3(dppe)3]
+
, ʛʜʝ ʄ = ʄʦ 

ʠʣʠ W, ʍ = H ʠʣʠ F 

ʈʝʘʢʮʠʷ ʛʠʜʨʦʜʝʬʪʦʨʠʨʦʚʘʥʠʷ ʬʪʦʨʩʦʜʝʨʞʘʱʠʭ ʩʫʙʩʪʨʘʪʦʚ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʘʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʦʜʦʨʦʜʘ 
[148] 

[Mo3S4X3(dmpe)3]
+
, ʛʜʝ ʍ = H 

ʠʣʠ Cl 

ʈʝʘʢʮʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ 
[7] 

[Mo3S4Cl3(dmen)3]
+
 

ʈʝʘʢʮʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʠʣʘʥʘʤʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʠʪʨʦ- 

ʠ ʘʟʦʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʥʠʣʠʥʦʚ ʚ ʤʷʛʢʠʭ 

ʫʩʣʦʚʠʷʭ 

[158] 

[Mo3S4(H2O)9]
4+
 / ʛʨʘʬʠʪ ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʜʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʦʜʦʨʦʜʘ (HER) [175] 

[Mo3S13]
2-
 / ʛʨʘʬʠʪ HER [18] 

[Mo3S4(H2O)9]
4+
 / ʨ-Si 

ʌʦʪʦ- ʠ ʵʣʝʢʪʨʦʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʠ 

ʚʦʜʦʨʦʜʘ 
[21, 178] 

[Mo3S4(H2O)9]
4+
 / NaTʘO3 ʌʦʪʦʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ [11] 

[Mo3S13]
2-
 / BiOBr ʌʦʪʦʨʘʟʣʦʞʝʥʠʝ ʨʦʜʘʤʠʥʘ ɺ [22] 

[Mo3S4(H2O)9]
4+
 / ʮʝʦʣʠʪʳ NaY, 

HUSY, KL, NaMOR, NaH ɓ 
ɻʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ (HDS) ʙʝʥʟʦʪʠʦʬʝʥʘ 

[191, 

192] 

 

1.2.2.2. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

1.2.2.2.1. ɻʠʜʨʦʦʯʠʩʪʢʘ ʥʝʬʪʠ: ʫʜʘʣʝʥʠʝ ʩʝʨʳ ʩ ʧʦʤʦʱʴʶ ʩʫʣʴʬʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

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

ʪʦʥʥ (ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʥʝʟʘʚʠʩʠʤʦʛʦ ʘʛʝʥʪʩʪʚʘ Energy Information Administration ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʨʪʘʣʘ Statistica). ʉʳʨʘʷ ʥʝʬʪʴ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʩʤʝʩʴʶ, ʩʦʜʝʨʞʘʱʝʡ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʘʣʢʘʥʳ, ʘʣʢʝʥʳ, ʮʠʢʣʦʘʣʢʘʥʳ, ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ), ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ (ʤʝʨʢʘʧʪʘʥʳ, ʩʫʣʴʬʠʜʳ, ʜʠʩʫʣʴʬʠʜʳ, ʪʠʦʬʝʥʳ ʠ 

ʜʠʙʝʥʟʦʪʠʦʬʝʥʳ), ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ (ʘʥʠʣʠʥʳ, ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʘʤʠʥʳ, ʭʠʥʦʣʠʥ, ʘʢʨʠʜʠʥ, 

ʢʘʨʙʘʟʦʣ, ʠ ʠʥʜʦʣ), ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʬʝʥʦʣʳ, ʢʝʪʦʥʳ ʠ ʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ), 

ʘ ʪʘʢʞʝ ʤʝʪʘʣʣ,r 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 ʨʝʘʢʮʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʛʠʜʨʠʨʦʚʘʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʫʜʘʣʝʥʠʝ S - ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʷ (HDS), ʫʜʘʣʝʥʠʝ N - ʛʠʜʨʦʜʝʥʠʪʨʦʛʝʥʘʮʠʷ (HDN), 

ʫʜʘʣʝʥʠʝ O - ʛʠʜʨʦʜʝʟʦʢʩʠʛʝʥʘʮʠʷ (HDO) ʠ ʦʯʠʩʪʢʘ ʦʪ ʤʝʪʘʣʣʦʚ - ʛʠʜʨʦʜʝʤʝʪʘʣʣʠʟʘʮʠʷ 

(HDM). ɻʠʜʨʦʦʯʠʩʪʢʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʚʳʙʨʦʩʦʚ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, 
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ʠʟʙʝʞʘʪʴ ʦʪʨʘʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ 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-Al2O3) ʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ MoS2/WS2, ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʝ Co ʠ/ʠʣʠ Ni (ʨʠʩ. 61) [193].  

 

ʈʠʩ. 61. ʉʪʨʦʝʥʠʝ HDS-ʘʢʪʠʚʥʳʭ ʩʘʡʪʦʚ NiMoS (ʘ) ʠ CoMoS (ʙ) ʚ ʰʘʨʦʩʪʝʨʞʥʝʚʦʡ ʤʦʜʝʣʠ, ʘʪʦʤʳ Ni ʧʦʢʘʟʘʥʳ 

ʢʨʘʩʥʳʤ, Co ï ʩʠʨʝʥʝʚʳʤ, Mo ï ʛʦʣʫʙʳʤ, S ï ʞʝʣʪʳʤ 

 

ɺ ʦʪʩʫʪʩʪʚʠʠ ʧʦʜʣʦʞʢʠ HDS-ʘʢʪʠʚʥʦʩʪʴ ʩʫʣʴʬʠʜʦʚ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘʤʥʦʛʦ 

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

[194]. ʆʜʥʘʢʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʡ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ MoS2/Al2O3, ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʭ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ Co ʠ Ni, 

ʧʦʢʘʟʘʚʘʶʪ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʫʙʳʚʘʝʪ ʚ ʨʷʜʫ PtMo Ó CoMo Ó RuMo > PdMo > Mo [195].  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʝʩʥʳʭ ʢʦʥʪʘʢʪʦʚ 

ʤʝʞʜʫ ʧʨʦʤʦʪʦʨʦʤ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤ ʙʣʘʛʦʨʦʜʥʳʡ ʤʝʪʘʣʣ-ʤʦʣʠʙʜʝʥ, ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ, ʢʘʪʘʣʠʟʘʪʦʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʣʠ ʩʦʚʤʝʩʪʥʦʡ ʧʨʦʧʠʪʢʠ ʧʦʜʣʦʞʢʠ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʙʣʠʟʢʦʛʦ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʷ Mo ʠ 

ʧʨʦʤʦʪʦʨʘ. ɻʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʫʙʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʷʜʨʦʤ {Mo3S4M} (M = Co, Ni, 

ʜʨʫʛʠʝ ʤʝʪʘʣʣʳ) ʩʦʜʝʨʞʘʪ ʠʩʢʦʤʳʝ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ ʚ ʥʫʞʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ (Mo:M = 3:1) ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ, ʘ ʪʘʢʞʝ ʩʫʣʴʬʠʜʥʳʝ ʛʨʫʧʧʳ ʠ ʤʦʣʠʙʜʝʥ ʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ +4 

[196]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʜʝʣʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʦʯʠʩʪʢʠ ʥʘ ʦʩʥʦʚʝ Co/MoS2 ʠ Ni/MoS2 [16, 197]. 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʢʫʙʘʥʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʪʠʧʘ {(ɖ
5
-Cp')3Mo3S4M'(L)n} (M' = Ru, Os, Rh, Ir; L = 

CO, PPh3, COD (1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ), ʉʆɽ (ʮʠʢʣʦʦʢʪʝʥ), dppp = 1,3-
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ʙʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʠʥʦ)ʧʨʦʧʘʥ) [198], ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʠʣʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʤ (Cpǋ) 

ʠ/ʠʣʠ ʮʠʢʣʦʦʢʪʘʜʠʝʥʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʝʨʝʭʦʜ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʩʨʝʜʫ 

ʧʦʟʚʦʣʠʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʛʦʤʦʛʝʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʫʜʝʪ 

ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʛʝʪʝʨʦʘʪʦʤʝ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ʆʜʥʘʢʦ, ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʦʦʯʠʩʪʢʠ ʥʝ ʦʧʠʩʘʥʘ. 

ʉʦʦʙʱʘʝʪʩʷ ʦ ʥʝʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʭʦʞʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʠʢʝʣʝʤ [(ɖ
5
-

Cp')3Mo3S4NiL]
+
 (L = Me2S, Et2S, (t-Bu)2S, ʪʝʪʨʘʛʠʜʨʦʪʠʦʬʝʥ, ʧʠʨʠʜʠʥ, ʭʠʥʦʣʠʥ ʠ ʜʨ.) ʚ 

ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʦʯʠʩʪʢʠ (HDN ʠ HDS) ʩʤʝʩʠ ʙʝʥʟʦʪʠʦʬʝʥʘ ʩ ʭʠʥʦʣʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ H2 (30 

ʙʘʨ) ʠ ʪʝʤʧʝʨʘʪʫʨʝ 250̄ʉ [16]. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ 

ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 130ʉ̄ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ. ɸʥʘʣʠʟ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ [(ɖ
5
-Cp')3Mo3S4NiL]

+
 ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʘʢʪʠʚʘʮʠʠ 

ʩʚʷʟʝʡ ʉ-S ʠ C-N ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ. 

ʀʟʫʯʝʥʠʝ ʜʠʬʦʩʬʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ [M3NiS4X3L3L']
+
 (M = Mo, W; X = Cl, Br; L = dmpe, 

dppe; L' = CH3CN, py, CO, ʪʝʪʨʘʛʠʜʨʦʪʠʦʬʝʥ) ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʛʦʤʦʛʝʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ HDS ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʩʪʚʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʨʝʘʢʮʠʷʭ ʩ 1-ʦʢʪʘʥʪʠʦʣʦʤ [199]. 

ʉʫʣʴʬʠʜʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [(Cp')3Mo3S4M'Lx](pts)y (M' =Ru, Rh, Ir, Pd, Pt; L' = CO, 

COD ï 1,5-ʮʠʢʣʦʦʢʪʘʜʠʝʥ, COE ï ʮʠʢʣʦʦʢʪʝʥ, PPh3, ʙʠʮʠʢʣʦ[2.2.1]ʛʝʧʪ-2-ʝʥ) (ʨʠʩ. 62) ʧʨʠ 

350̄ʉ ʧʨʠʚʦʜʠʪ ʢ ʬʘʟʘʤ {MoSxM'}, ʢʦʪʦʨʳʝ ʧʨʝʦʨʛʘʥʠʟʦʚʘʥ rʜʣ ̫ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʩʘʡʪʘʤʠ {MoS2} [200]. 

 

ʈʠʩ. 62. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [(Cp')3Mo3S4M'Lx](pts)y 

 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʬʘʟ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʦʯʠʩʪʢʠ ʥʝʬʪʠ ʠʩʩʣʝʜʦʚʘʥʘ ʥʘ 

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

ʥ-ʛʝʧʪʘʥʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʤʠ ʜʣʷ ʩʝʨʫ- ʠ 
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ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ, ʘ ʪʘʢʞʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʥʝʬʪʠ, ʠ ʠʤʝʶʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʠʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚʫ. ʇʨʠ 

ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʛʠʜʨʠʨʦʚʘʥʠʝ ʥʘʬʪʘʣʠʥʘ ʜʦ ʪʝʪʨʘʣʠʥʘ, ʧʨʝʚʨʘʱʝʥʠʝ ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʜʦ 

ʙʠʬʝʥʠʣʘ ʠ ʮʠʢʣʦʛʝʢʩʠʣʙʝʥʟʦʣʘ (HDS) ʠ ʠʥʜʦʣʘ ʜʦ ʵʪʠʣʙʝʥʟʦʣʘ ʠ ʵʪʠʣʮʠʢʣʦʛʝʢʩʘʥʘ (HDN) 

(ʨʠʩ. 63). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʪʝʨʦʤʝʪʘʣʣʘ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʨʷʜʫ 

Mo3Pd < Mo3Pt < Mo3Ru < Mo3Rh < Mo3Ir [200]. 

 

ʈʠʩ. 63. ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʛʠʜʨʦʦʯʠʩʪʢʝ ʩʤʝʩʠ ʥʘʬʪʘʣʠʥʘ, ʜʠʙʝʥʟʦʪʠʦʬʝʥʘ ʠ ʠʥʜʦʣʘ 

 

ʂʦʤʧʣʝʢʩʳ [Mo3S4(H2ʆ)9]
4+
 ʠ [Mo3S4(NiCl)(H2O)9]

3+
, ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ, ʠ ʚʢʣʶʯʝʥʥʳʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʨʘʟʣʠʯʥʳʝ ʮʝʦʣʠʪʳ (NaY, HUSY, KL, NaMOR, NaH ɓ), 

ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʛʠʜʨʦʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʙʝʥʟʦʪʠʦʬʝʥʘ. ʇʨʠ 

ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʢʫʙʘʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ {Mo3S4Ni} ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, 

ʯʝʤ ʘʢʪʠʚʥʦʩʪʴ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ {Mo3S4}, ʧʨʦʤʦʪʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘʤʠ Ni
2+
, ʢʦʪʦʨʳʡ ʚ 

ʩʚʦ ʁʦʯʝʨʝʜʴ ʙʦʣʝʝ ʘʢʪʠʚʝʥ, ʯʝʤ ʥʝ ʧʨʦʤʦʪʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ {Mo3S4} [191, 192]. 

 

1.2.2.2.2. ʎʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʜʠʘʟʦʩʦʝʜʠʥʝʥʠʡ 

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 

ʧʨʠʚʦʜʠʪ ʢ ʭʠʨʘʣʴʥʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʣʘʩʪʝʨʥʳʭ ʉ3-ʩʠʤʤʝʪʨʠʯʥʳʭ ʢʘʪʠʦʥʦʚ (ʨʠʩ. 64). ɺ 

ʵʪʠʭ ʢʣʘʩʪʝʨʥʳʭ ʢʘʪʠʦʥʘʭ ʚʩʝ ʪʨʠ ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʷʚʣʷʶʪʩʷ ʘʩʠʤʤʝʪʨʠʯʝʩʢʠʤʠ ʮʝʥʪʨʘʤʠ, 

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

ʠ (-)- (ʣʝʚʦʚʨʘʱʘʶʱʝʛʦ) ʠʟʦʤʝʨʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʦʪʩʫʩʪʚʠʠ ʦʧʪʠʯʝʩʢʠ ʯʠʩʪʳʭ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ, ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʚʠʜʝ ʨʘʮʝʤʠʯʝʩʢʠʭ ʩʤʝʩʝʡ [201]. 
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ʈʠʩ. 64. (+) ʠ (-) ʵʥʘʥʪʠʦʤʝʨʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ [M3Q4X3(ʜʠʬʦʩʬʠʥ)3]
+
 

 

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

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ ʨʘʮʝʤʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʚʚʝʜʝʥʠʷ 

ʭʠʨʘʣʴʥʦʛʦ ʠʦʥʘ, ʥʘʧʨʠʤʝʨ, TRISPHAT (ʪʨʠʩ(ʪʝʪʨʘʭʣʦʨʦʢʘʪʝʭʦʣʘʪ)ʬʦʩʬʦʨʘ(V), ʨʠʩ. 65), ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ [202]. ʋʩʧʝʰʥʦʩʪʴ ʵʪʦʡ ʤʝʪʦʜʠʢʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʣʘʩʪʝʨʥʦʛʦ ʢʘʪʠʦʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʘ [Mo3S4Cl3(dppe)3]
+
 ʨʘʟʜʝʣʠʪʴ ʵʪʫ 

ʨʘʮʝʤʠʯʝʩʢʫ  ʁʩʤʝʩ ɹʩ ʧʦʤʦʱʴʶ ʘʥʠʦʥʦʚ ȹ- ʠ ȿ- TRISPHAT ʥʝ ʫʜʘʝʪʩʷ [203]. ɺʪʦʨʘʷ 

ʩʪʨʘʪʝʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʝʨʝʜʘʯʝ ʭʠʨʘʣʴʥʦʩʪʠ ʚ ʤʝʪʘʣʦʮʝʥʪʨ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʢʦʥʬʠʛʫʨʘʮʠʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʣʝʛʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ.  

 

ʈʠʩ. 65. ȿ-TRISPHAT, ʪʨʠʩ(ʪʝʪʨʘʭʣʦʨʦʢʘʪʝʭʦʣʘʪ)ʬʦʩʬʦʨʘ(V) 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʧʦʣʫʯʝʥʦ ʩʝʤʝʡʩʪʚʦ ʵʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʭ 

ʢʦʤʧʣʝʢʩʦʚ {M3Q4} ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ çʚʳʨʝʟʘʥʠʷè ʤʦʥʦʤʝʨʦʚ ʠʟ ʧʦʣʠʤʝʨʥʳʭ 

ʭʘʣʴʢʦʛʘʣʦʛʝʥʠʜʦʚ {M3Q7X2X4/2}n (X = Cl, Br, H) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʠʨʘʣʴʥʳʭ ʜʠʬʦʩʬʠʥʦʚ, ʪʘʢʠʭ 

ʢʘʢ (+) / (ï)-1,2-ʙʠʩ[2,5-(ʜʠʤʝʪʠʣʬʦʩʬʦʣʘʥ-1-ʠʣ)]ʵʪʘʥ [147]. ʇʦʣʫʯʝʥʳ ʪʘʢʞʝ 
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ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʫʙʘʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʭʠʨʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʦʮʝʩʩʦʚ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ [13, 204]. 

ʄʝʪʘʣʣ-ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʦʣʝʬʠʥʦʚ ʜʠʘʟʦʨʝʘʛʝʥʪʘʤʠ ʧʨʠʚʣʝʢʘʝʪ 

ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ-ʟʘ ʩʚʦʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. 

ʎʠʢʣʦʧʨʦʧʘʥʦʚʳʡ ʮʠʢʣ, ʥʘʠʤʝʥʴʰʠʡ ʠʟ ʮʠʢʣʦʘʣʢʘʥʦʚ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʦʩʪʘʚʝ ʰʠʨʦʢʦʛʦ ʨʷʜʘ 

ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʨʧʝʥʦʚ, ʬʝʨʦʤʦʥʦʚ, ʤʝʪʘʙʦʣʠʪʦʚ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ 

ʥʝʦʙʳʯʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪ [205]. ɺʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʮʠʢʣʘ ʠ ʫʥʠʢʘʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʮʠʢʣʦʧʨʦʧʘʥʳ ʯʨʝʟʚʳʯʘʡʥʦ ʮʝʥʥʳʤʠ ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʛʠʭ 

ʮʠʢʣʠʯʝʩʢʠʭ ʠ ʘʮʠʢʣʠʯʝʩʢʠʭ 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) ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʢʘʨʙʝʥʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ [206], 2) 

ʨʝʘʢʮʠʠ ʉʠʤʤʦʥʩʘ-ʉʤʠʪʘ [207], ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ [208] ʠ 

3) ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʢʨʳʪʠʝʤ ʮʠʢʣʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ [209]. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʨʘʣʴʥʳʭ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʨʝʘʢʮʠʡ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʘ ʣʠʛʘʥʜʦʚ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜ ʠ ʥʘ 

ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ, ʥʦ ʧʨʠʤʝʨʳ, ʚ ʢʦʪʦʨʳʭ E/Z > 2.5, 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʝʜʢʠ [204]. 

ʕʥʘʥʪʠʦʤʝʨʥʦ ʯʠʩʪʳʝ ʢʦʤʧʣʝʢʩʳ [Mo3CuS4(L)3ʍ3](X/PF6) (X = Cl, Br) ʩ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʭʠʨʘʣʴʥʳʤʠ ʜʠʬʦʩʬʠʥʘʤʠ (L = (+)-1,2-ʙʠʩ[(2R,5R)-2,5-

(ʜʠʤʝʪʠʣʬʦʩʬʦʣʘʥ-1-ʠʣ)]ʵʪʘʥ (L-R,R) ʠ ʝʛʦ (L-S,S) ʵʥʘʥʪʠʦʤʝʨ) ʠʤʝʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ (ʨʠʩ. 66) 

1-ʜʠʘʟʦ-5-ʛʝʢʩʝʥ-2-ʦʥʘ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ (ʨʠʩ. 67) ʘʣʢʝʥʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʪʠʨʦʣʘ ʠʣʠ 2-ʬʝʥʠʣʧʨʦʧʝʥ, ʜʠʘʟʦʘʮʝʪʘʪʘʤʠ [13]. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʪʠʨʦʣʘ ʩ ʵʪʠʣʜʠʘʟʦʘʮʝʪʘʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʮʝʤʘʪʘ 

[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 ʮʠʢʣʦʧʨʦʧʘʥʘ 

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

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʨʠʩ. 67). ɺ ʩʣʫʯʘʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ ʚʳʭʦʜʳ 

ʧʨʦʜʫʢʪʘ ʜʣʷ ʦʙʦʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʦʧʦʩʪʘʚʠʤʦ ʚʳʩʦʢʠʝ (ʨʠʩ. 66), ʭʦʪʷ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ 

ʨʘʮʝʤʘʪʥʦʡ ʩʤʝʩʠ ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ (95% ʚʤʝʩʪʦ 84% ʚ ʩʣʫʯʘʝ 

ʭʠʨʘʣʴʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ) [13]. 
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ʈʠʩ. 66. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ Ŭ-ʜʠʘʟʦʢʝʪʦʥʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʨʘʮʝʤʘʪʦʤ 

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

+
 

 

 

ʈʠʩ. 67. ʄʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʝ ʩʪʠʨʦʣʘ 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 ʥʝʚʳʩʦʢʠʝ. 

ʇʦ ʚʩʝ ʚʠʜʠʤʦʩʪʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʦʝʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʤʝʭʘʥʠʟʤʘ (ʨʠʩ. 68). ʇʝʨʚʳʡ ʩʚʷʟʘʥ ʩ ʜʝʢʦʦʨʜʠʥʘʮʠʝʡ 

ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʠ Cu(I) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʝʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 

{Mo3Q4CuʉHCOOEt}, ʘ ʚʪʦʨʦʡ ʤʘʨʰʨʫʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʨʳʚʦʤ ʦʜʥʦʡ ʠʟ ʩʚʷʟʝʡ Cu-Q ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʨʙʝʥʦʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ {Mo3Q4Cu(X)ʉHCOOEt}. ɺ ʦʙʦʠʭ ʠʥʪʝʨʤʝʜʠʘʪʘʭ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʝʜʥʳʤ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʦʤ ʠ ʭʠʨʘʣʴʥʳʤ ʮʝʥʪʨʦʤ ʬʦʩʬʠʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʠʟʢʦʡ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ [210]. 
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ʈʠʩ. 68. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʳ ʤʝʜʴ-ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ. ʉʣʝʚʘ ï ʧʦʪʝʨʷ ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʧʨʠ Cu(I), ʩʧʨʘʚʘ ï ʨʘʟʨʳʚ ʩʚʷʟʠ 

Cu-Q 

 

ɺ ʩʝʨʠʠ 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 

ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤʠ, ʯʝʤ S-ʩʦʜʝʨʞʘʱʠʝ ʘʥʘʣʦʛʠ, ʥʦ ʧʨʦʷʚʣʷʶʪ ʙʦʣʴʰʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ. ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 77% ʩ E/Z = 2.3 (ʜʣʷ S) ʠ 70% ʩ E/Z = 2.6 (ʜʣʷ Sʝ) 

(X = Cl). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʘʤʝʥʘ ʚ ʩʝʨʫʩʦʜʝʨʞʘʱʝʤ ʢʦʤʧʣʝʢʩʝ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʙʨʦʤʠʜʥʳʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʤʫ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʦ E/Z = 2.6 [210]. 

ɻʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʦʚ {Mo3S4} ʠ {Mo3CuS4}. ʇʦʢʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʜʩʦʨʙʮʠʠ ʢʦʤʧʣʝʢʩʘ 

[Mo3S4(dmpe)3(MPTES)3](PF6) (MPTES = (3-ʤʝʨʢʘʧʪʦʧʨʦʧʠʣ)ʪʨʠʵʪʦʢʩʠʩʠʣʘʥ) (ʨʠʩ. 69) 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: 1) in situ ʩʦʦʩʘʞʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʠ ʪʝʪʨʘʵʪʠʣʦʨʪʦʩʠʣʠʢʘʪʘ (ʊʕʆʉ) ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʙʨʦʤʠʜʘ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ) ʠ 2) 

ʩʪʘʥʜʘʨʪʥʘʷ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʟʦʧʦʨʠʩʪʦʛʦ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 

ʄʉʄ-41 [211]. ʍʠʤʠʯʝʩʢʘʷ ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʮʝʣʦʩʪʥʦʩʪʴ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʤʘʪʝʨʠʘʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʙʦʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʠʥʢʦʨʧʦʨʘʮʠʠ, 
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ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʪʨʝʭʲʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʩʘ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ ʢʨʝʤʥʠʝʚʦʡ ʤʘʪʨʠʮʳ (1-ʡ ʩʧʦʩʦʙ) 

ʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (2-ʩʧʦʩʦʙ). ɺ ʩʣʫʯʘʝ ʦʙʳʯʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ 

ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʤʝʟʦʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ. 

ʄʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ in situ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʩʦ-ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠʤʝʶʪ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʦʨʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʠʢʨʦ- ʜʦ ʤʝʟʦʧʦʨ ʠʟ-ʟʘ ʥʝʧʦʣʥʦʡ 

ʵʢʩʪʨʘʢʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʈʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʦʭʨʘʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʘ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ [Mo3S4(dmpe)3(MPTES)3](PF6) ʠʤʝʶʪ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʦʣʴʰʝ, ʯʝʤ 700 ʤ
2
/ʛ. ɺʚʝʜʝʥʠʝ Cu(I) ʚ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʢʘʢ ʦʙʳʯʥʳʤ ʥʘʥʝʩʝʥʠʝʤ, ʪʘʢ ʠ 

ʩʘʤʦʩʙʦʨʢʦʡ in situ, ʧʨʠʚʦʜʠʪ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʜʠ ʢ {Mo3S4} ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʫʙʘʥʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʥʦʛʦ {Mo3CuS4}. ʀʥʪʝʨʝʩ ʢ ʧʦʜʦʙʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʪʨʝʭʲʷʜʝʨʥʳʭ ʠ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʫʙʘʥʦʚʳʭ ʢʣʘʩʪʝʨʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʦʚ 

{Mo3CuS4} ʤʦʛʣʠ ʙʳ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʨʝʘʢʮʠʷʭ 

ʮʠʢʣʦʧʨʦʧʘʥʠʨʦʚʘʥʠʷ, ʦ ʢʦʪʦʨʳʭ ʰʣʘ ʨʝʯʴ ʚʳʰʝ [13, 210]. 

 

ʈʠʩ. 69. ʉʭʝʤʘ ʩʠʥʪʝʟʘ [Mo3S4(dmpe)3(MPTES)3](PF6) (MPTES = (3-ʤʝʨʢʘʧʪʦʧʨʦʧʠʣ)ʪʨʠʵʪʦʢʩʠʩʠʣʘʥ) 

 

1.2.2.2.3. ɸʣʣʠʣʠʨʦʚʘʥʠʝ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ 

çɿʝʣʝʥʘʷè ʭʠʤʠʷ ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʠ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʙʦʣʴʰʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʧʦ ʩʥʠʞʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʳʟʚʘʥʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ [212]. ʇʦʵʪʦʤʫ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʠʣʠ, ʚ ʠʜʝʘʣʝ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʦʪʭʦʜʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, 

ʢʦʪʦʨʳʝ ʜʘʶʪ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʣʠ ʞʝ ʚʦʚʩʝ 

ʙʝʟʦʪʭʦʜʥʳ. ɸʣʣʠʣʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʌʨʠʜʝʣʶ-

ʂʨʘʬʪʩʫ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʷʟʝʡ 

ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ [213], ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ɻʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʉ ɻʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʘʣʣʠʣʘʮʝʪʘʪʘʤ, 
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ʘʣʣʠʣʢʘʨʙʦʥʘʪʘʤ ʠ ʘʣʣʠʣʛʘʣʦʛʝʥʠʜʘʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩ ̫ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʦʚ ʚ ʨʝʘʢʮʠʷʭ 

ʘʣʣʠʣʠʨʦʚʘʥʠʷ, ʠʜʝʘʣʴʥʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʘʣʣʠʣʦʚʳʝ ʩʧʠʨʪʳ, ʪʘʢ ʢʘʢ ʚʦʜʘ 

ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ. 

ɺ ʢʦʥʪʝʢʩʪʝ ʢʘʪʘʣʠʟʠʨʫʝʤʦʛʦ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ 

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

ʧʘʣʣʘʜʠʡ-ʩʦʜʝʨʞʘʱʠʝ ʢʦʤʧʣʝʢʩʳ [214, 215]. ʋʯʠʪʳʚʘʷ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʣʠʣʴʥʳʭ ʩʧʠʨʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʣʢʠʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, 

ʧʦʠʩʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʧʨʘʢʪʠʯʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʦʩʪʘʝʪʩʷ 

ʧʦʧʫʣʷʨʥʳʤ. 

ʂʫʙʘʥʦʚʳʡ ʢʣʘʩʪʝʨ [(Cp*)3Mo3S4Pd(dba)](PF6) (dba = ʜʠʙʝʥʟʠʣʠʜʝʥʘʮʝʪʦʥ), ʧʦʣʫʯʝʥʥʳʡ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [(Cp*)3Mo3S4](PF6) ʩ [Pd(dba)2] ʚ CH2Cl2 [216], ̫ʚʣʷʝʪʩʷ ɻ ʬʬʝʢʪʠʚʥʳʤ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʘʤʠʥʦʚ ʠ ʘʢʪʠʚʥʳʭ ʤʝʪʠʣʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

(4 ʯʘʩʘ ʨʝʘʢʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ), ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʘʣʣʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʣʣʠʣʴʥʳʝ ʩʧʠʨʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʨʦʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ (ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ ʜʣʷ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʨʘʩʱʝʧʣʝʥʠʷ ʩʚʷʟʠ C-O) [217].  

ʈʝʘʢʮʠʷ ʘʣʣʠʣʠʨʦʚʘʥʠʷ N-ʤʝʪʠʣʘʥʠʣʠʥʘ (ʨʠʩ. 70) ʠ ʜʨʫʛʠʭ ʩʫʙʩʪʨʘʪʦʚ (ʘʥʠʣʠʥ, 2,4,6-

ʪʨʠʤʝʪʠʣʘʥʠʣʠʥ, N-ʬʝʥʠʣʘʮʝʪʘʤʠʜ, ʜʠʙʝʥʟʠʣʘʤʠʥ, ʬʝʥʠʣʙʝʥʟʠʣʘʤʠʥ) ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚ ʨʘʟʣʠʯʥʳʭ ʙʦʨʦʥʦʚʳʭ ʨʝʘʛʝʥʪʦʚ: B2O3, BEt3, H3BO3, PhB(OH)2 

ʠʣʠ B(OMe)3. ɺʳʭʦʜʳ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʶʪ 13-16% ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ B2O3 ʠ BEt3. ʇʨʠ 

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

ʙʦʨʦʥʦʚʦʛʦ ʨʝʘʛʝʥʪʘ ʧʨʦʜʫʢʪ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʷʜʝʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʘʣʣʘʜʠʷ, PdCl2, Pd(dba)2, PdCl2(PPh3)2, ʥʝ ʧʨʦʷʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɸʢʪʠʚʥʦʩʪʴ 

ʦʙʥʘʨʫʞʝʥʘ ʪʦʣʴʢʦ ʫ Pd(PPh3)4, ʥʦ ʦʥʘ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʢʣʘʩʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[(Cp*)3Mo3S4Pd(dba)](PF6). ʊʨʝʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ [(Cp*)3Mo3S4](PF6), ʘ 

ʪʘʢʞʝ ʜʨʫʛʠʝ ʛʝʪʝʨʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ [{(Cp*)3Mo3S4Ni}2(COD)](PF6), 

[(Cp*)3Mo3S4RuH2(PPh3)](PF6)4, [(Cp*)3Mo3S4Pd(PPh3)](PF6) [216] ʠ (Cp*)3Mo3S4RuCl3 [218] 

ʦʢʘʟʘʣʠʩʴ ʥʝʘʢʪʠʚʥʳʤʠ ʚ ʵʪʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʝʙʦʣʴʰʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ 

26%) ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʜʣʷ ʢʦʤʧʣʝʢʩʘ [{(Cp*)3Mo3S4Ni}2(COD)](PF6) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʠ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 

 

ʈʠʩ. 70. ʈʝʘʢʮʠʷ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʦʨʦʥʦʚʦʛʦ ʨʝʘʛʝʥʪʘ (ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ) 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʘʣʣʠʣʦʚʳʝ 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-
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ʙʫʪʝʥ-1-ʦʣ, 2-ʤʝʪʠʣ-2-ʧʨʦʧʝʥ-1-ʦʣ, 3-ʤʝʪʠʣ-2-ʙʫʪʝʥ-1-ʦʣ, 2-ʤʝʪʠʣ-3-ʙʫʪʝʥ-2-ʦʣ. ʂʦʤʧʣʝʢʩ 

[(Cp*)3Mo3S4Pd(dba)](PF6) ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ: ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʥʝʡʥʳʝ ʧʨʦʜʫʢʪʳ. ʄʠʥʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ (ʚ ʩʣʫʯʘʝ 2-ʤʝʪʠʣ-3-

ʙʫʪʝʥ-2-ʦʣʘ) ʩʦʩʪʘʚʣʷʝʪ 85%, ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʩʧʠʨʪʦʚ ʚʳʭʦʜ ʥʘʭʦʜʠʪʩʷ 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. 71 ʥʘ ʧʨʠʤʝʨʝ H3BO3 ʚ ʢʘʯʝʩʪʚʝ 

ʙʦʨʦʥʦʚʦʛʦ ʨʝʘʛʝʥʪʘ. ɻʠʜʨʦʢʩʠ-ʛʨʫʧʧʘ ʘʣʣʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʤʦʞʝʪ ʜʦʥʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ 

ʧʘʨʫ ʥʘ B, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ -́ʘʣʣʠʣʧʘʣʣʘʜʠʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ɿʘʪʝʤ ʥʫʢʣʝʦʬʠʣ 

ʘʪʘʢʫʝʪ ʠʥʪʝʨʤʝʜʠʘʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʜʫʢʪʘ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʘʥʘʣʦʛʠʯʝʥ 

Pd-ʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢʮʠʠ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ BEt3 [219]. ʌʨʘʛʤʝʥʪ {(Cp*)3Mo3S4} 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʲʝʤʥʳʡ ʣʠʛʘʥʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʪʝʨʠʯʝʩʢʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

 

ʈʠʩ. 71. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ H3BO3 ʚ ʢʘʯʝʩʪʚʝ ʙʦʨʦʥʦʚʦʛʦ ʨʝʘʛʝʥʪʘ 

 

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

[(Cp*)3Mo3S4Pd(dba)][(PF6) ʚʠʥʠʣʭʣʦʨʠʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ AgPF6 (ʨʠʩ. 72) [220], ʵʬʬʝʢʪʠʚʥʦ ʠ 

ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʢʘʪʘʣʠʟʠʨʫʝʪ ʘʣʣʠʣʠʨʦʚʘʥʠʝ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ N,N-ʜʠʘʣʢʠʣʘʥʠʣʠʥʘ ʠ ʠʥʜʦʣʘ (ʨʠʩ. 73). 
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ʈʠʩ. 72. ʉʭʝʤʘ ʩʠʥʪʝʟʘ [(Cp*Mo)3S4Pd(ɖ3-ʘʣʣʠʣ)](PF6)2 

 

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

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

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 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 ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ 

[(Cp*)3Mo3S4Pd(dba)](PF6) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʘ ʚʩʝʛʦ ʣʠʰʴ ʩ ʚʳʭʦʜʦʤ 38% [220]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʠʣʠʥʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ. ʄʝʪʘ-ʟʘʤʝʱʝʥʥʳʡ N,Nô-3-

ʪʨʠʤʝʪʠʣʘʥʠʣʠʥ ʥʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʝʥ, ʧʨʦʜʫʢʪ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʩ ʚʳʭʦʜʦʤ 

84%. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʘʨʘ-ʟʘʤʝʱʝʥʥʦʛʦ N,Nô,4-ʪʨʠʤʝʪʠʣʘʥʠʣʠʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʟʘʤʝʪʥʦ ʥʠʞʝ, 

35%, ʘ ʦʨʪʘ-ʟʘʤʝʱʝʥʥʳʡ N,Nô,2-ʪʨʠʤʝʪʠʣʘʥʠʣʠʥ ʠ ʚʦʚʩʝ ʥʝ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ. ʕʪʦʪ ʬʘʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʩʦʯʝʪʘʥʠʝʤ ʩʪʝʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʵʬʬʝʢʪʦʚ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ 

ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ (91%) ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 3-ʙʨʦʤ-N,Nô,-ʜʠʤʝʪʠʣʘʥʠʣʠʥʘ [221]. 

 

ʈʠʩ. 73. ʆʙʱʘʷ ʩʭʝʤʘ ʘʣʣʠʣʠʨʦʚʘʥʠʷ ʧʦ ʌʨʠʜʝʣʶ-ʂʨʘʬʪʩʫ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

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

 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʨʠʯʥʦʛʦ ʩʧʠʨʪʘ ʠʣʠ Ŭ-ʚʠʥʠʣʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ N-

ʤʝʪʠʣʘʥʠʣʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [(Cp*Mo)3S4Pd(ɖ3-ʘʣʣʠʣ)](PF6)2 ʦʙʨʘʟʫʝʪʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʧʨʦʜʫʢʪ (N-ʤʝʪʠʣ-N-[(2ɽ)-3-ʬʝʥʠʣʧʨʦʧ2-ʝʥ-1ʠʣ]ʘʥʠʣʠʥ ʩ ʚʳʭʦʜʘʤʠ 95 ʠ 92%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʱʠʡ -́ʘʣʣʠʣʧʘʣʣʘʜʠʝʚʳʡ ʠʥʪʝʨʤʝʜʠʘʪ). 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 ʚʳʭʦʜʘʤʠ ʜʦ 98% ʠ ʚʳʩʦʢʦʡ ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴʶ [220]. 
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1.2.2.2.4. ʈʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʦ ʪʨʦʡʥʦʡ ʩʚʷʟʠ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʢʦʤʧʣʝʢʩʦʤ 

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

ʂʦʤʧʣʝʢʩ [Mo3S4(PdCl)(tacn)3](PF6)3 (tacn = 1,4,7-ʪʨʠʘʟʘʮʠʢʣʦʥʦʥʘʥ, ʨʠʩ. 75) ʤʦʞʝʪ 

ʧʨʦʤʦʪʠʨʦʚʘʪʴ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩʧʠʨʪʦʚ ʢ ʵʬʠʨʘʤ ʘʣʢʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʨʠʩ. 

74, 75) ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (ɽ-ʠʟʦʤʝʨ ʠ ʧʨʝʜʝʣʴʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʦʙʨʘʟʫʶʪʩ ̫ʩ ʚʳʭʦʜʦʤ ʤʝʥʝʝ 3%), ʢʦʪʦʨʘʷ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʘʣʣʘʜʠʷ (Na2[PdCl4], [Pd(OAc)2] (ʆAc = ʘʮʝʪʘʪ), [Pd(dba)2], [PdCl2(PhCN)2] ʠ [PdCl2(PPh3)2]), ʠ 

ʧʦʜʘʚʣʷʪʴ ʧʨʠ ʵʪʦʤ ʦʣʠʛʦʤʝʨʠʟʘʮʠʶ ʘʣʢʠʥʦʚ. ʄʠʥʠʤʘʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʣʷʝʪ 93% ʚ 

ʩʣʫʯʘʝ ʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 4-ʬʝʥʠʣʙʫʪ-3-ʝʥʦʚʦʡ ʢʠʩʣʦʪʳ [222].  

 

ʈʠʩ. 74. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʥʦʣʘ ʩ ʤʝʪʠʣʧʨʦʧʠʦʣʘʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʘ [Mo3S4(PdCl)(tacn)3](PF6)3 

 

ɺʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩ-ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʧʠʨʪʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʤʝʭʘʥʠʟʤʦʤ ʨʝʘʢʮʠʠ (ʨʠʩ. 75). ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ 

ʵʬʠʨʘ ʘʣʢʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʢ Pd ʚ ʢʣʘʩʪʝʨʝ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʦʡ ʩʧʠʨʪʘ ʥʘ 

ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ 

ʵʪʘʧʝ ʧʨʦʪʦʥ ʘʪʘʢʫʝʪ ʧʦ ʩʚʷʟʠ Pd-C ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʘʥʩ-ʧʨʦʜʫʢʪʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ Pd ʚ ʢʫʙʘʥʦʚʦʤ ʢʦʤʧʣʝʢʩʝ, ʫ ʧʘʣʣʘʜʠʷ ʝʩʪʴ ʪʦʣʴʢʦ ʦʜʥʦ 

ʚʘʢʘʥʪʥʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʘʣʢʠʥʘ. 

 

ʈʠʩ. 75. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʧʠʨʪʦʚ ʢ ʵʬʠʨʘʤ ʘʣʢʠʥʦʚʳʭ 

ʢʠʩʣʦʪ. ʉʣʝʚʘ ʚʥʠʟʫ: ʩʪʨʦʝʥʠʝ ʣʠʛʘʥʜʘ tacn (1,4,7-ʪʨʠʘʟʘʮʠʢʣʦʥʦʥʘʥ) 
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ʂʨʦʤʝ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʥʦʣʘ ʢ ʤʝʪʠʣʧʨʦʧʠʦʣʘʪʫ, ʢʦʤʧʣʝʢʩ 

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

ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʣʢʠʥʘʤ (ʨʠʩ. 76). 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʘʣʣʘʜʠʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ([Pd(OAc)2], 

[PdCl2(PPh3)2], [PdCl2(PhCN)2], [Pd(PPh3)4]), ʘ ʪʘʢʞʝ [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 [RhCl(PPh3)3] ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ Z-ʠʟʦʤʝʨʘ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ [Mo3S4(PdCl)(tacn)3](PF6)3 ʤʠʥʠʤʘʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʩʦʩʪʘʚʣʷʝʪ 91%, ʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ Z-ʠʟʦʤʝʨʦʚ ʧʨʝʚʳʰʘʝʪ 97%, ʩ ʚʳʭʦʜʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 51 ʜʦ 85%. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ ʟʥʘʯʝʥʠʝ TON ʩʦʩʪʘʚʣʷʝʪ 2500 ʙʝʟ ʧʦʪʝʨʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ [8]. 

 

ʈʠʩ. 76. ʉʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʣʢʠʥʘʤ, 

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

 

ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 77. ʉʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʢʦʦʨʜʠʥʘʮʠʷ 

ʘʮʝʪʠʣʝʥʘ ʢ Pd ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʦʡ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ ʧʦ ʪʝʨʤʠʥʘʣʴʥʦʤʫ 

ʘʮʝʪʠʣʝʥʦʚʦʤʫ ʘʪʦʤʫ ʫʛʣʝʨʦʜʘ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʧʨʠʚʦʜʷʱʝʡ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚʠʥʠʣ-ʧʘʣʣʘʜʠʝʚʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ. ɿʘʪʝʤ ʧʨʦʪʦʥ ʘʪʘʢʫʝʪ ʩʚʷʟʴ Pd-C ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʩʪʝʨʝʦʭʠʤʠʠ ʧʨʠ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʠ ʦʙʨʘʟʫʝʪʩʷ ʪʨʘʥʩ-ʧʨʦʜʫʢʪ. 

 

ʈʠʩ. 77. ʄʝʭʘʥʠʟʤ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʢ ʵʣʝʢʪʨʦʥʦʜʝʬʠʮʠʪʥʳʤ ʪʝʨʤʠʥʘʣʴʥʳʤ ʘʣʢʠʥʘʤ 

 

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

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

ʝʥʦʣʴʥʳʭ ʣʘʢʪʦʥʦʚ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʷʭ, ʧʘʣʣʘʜʠʝʚʳʝ ʠ ʨʦʜʠʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʘʢʪʠʚʥʳʤʠ ʚ ʣʘʢʪʦʥʠʟʘʮʠʠ ʘʣʢʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʅʘʧʨʦʪʠʚ, 2,2-ʜʠʤʝʪʠʣ-5-
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ʛʝʢʩʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 3,3-ʜʠʤʝʪʠʣ-6-ʤʝʪʠʣʝʥ-2-ʧʠʨʦʥ ʩ ʚʳʭʦʜʦʤ 98% ʧʦʩʣʝ 3-ʭ 

ʯʘʩʦʚ ʨʝʘʢʮʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ [Mo3S4(PdCl)(tacn)3](PF6)3 ʠ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ NEt3 (3 ʤʦʣʴʥʳʭ %), ʘ ʯʠʩʣʦ TON ʜʦʩʪʠʛʘʝʪ 300 (ʨʠʩ. 78). ʄʝʭʘʥʠʟʤ ʨʝʘʢʮʠʠ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʫʶ ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ ʢʘʨʙʦʢʩʠʣʘʪ-ʘʥʠʦʥʘ ʧʦ ʩʚʷʟʠ ʉſʉ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʢ Pd ʘʮʝʪʠʣʝʥʘ, ʟʘ ʯʝʤ ʩʣʝʜʫʝʪ ʘʪʘʢʘ ʧʨʦʪʦʥʘ ʧʦ ʩʚʷʟʠ Pd-C, ʘʥʘʣʦʛʠʯʥʦ 

ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʨʝʘʢʮʠʷʤ [8]. 

 

ʈʠʩ. 78. ɺʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʮʠʢʣʠʟʘʮʠʷ 2,2-ʜʠʤʝʪʠʣ-5-ʛʝʢʩʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ 3,3-ʜʠʤʝʪʠʣ-6-ʤʝʪʠʣʝʥ-2-ʧʠʨʦʥ 

 

ɼʣʷ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʨʝʘʢʮʠʡ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ [Mo3S4(PdCl)(tacn)3](PF6)3 ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʘʢʮʠʠ [223]. 

 

1.2.2.2.5. ʈʘʩʱʝʧʣʝʥʠʝ ʩʚʷʟʠ N-N ʚ ʛʠʜʨʘʟʠʥʘʭ 

ʈʫʪʝʥʠʡʩʦʜʝʨʞʘʱʠʝ ʢʫʙʘʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ [(Cp*)3Mo3S4RuH2(PCy3)](PF6) (PCy3 = 

ʪʨʠʮʠʢʣʦʛʝʢʩʠʣʬʦʩʬʠʥ) ʠ [(Cp*)3Mo3S4RuH2(PPh3)](PF6) ʢʘʪʘʣʠʟʠʨʫʶʪ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʛʠʜʨʘʟʠʥʘ ʜʦ ʘʤʤʠʘʢʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʡ 

ʘʪʦʤ ʨʫʪʝʥʠʷ ʩʚʷʟʘʥ ʩ ʪʘʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʢʘʢ NH3, NH2 ʠ NHNH2. 

3 H2NðNH2 Ÿ 4 NH3 + N2 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʢʦʤʧʣʝʢʩʳ ʨʘʩʰʝʧʣʷʶʪ ʩʚʷʟʴ N-N ʠ ʚ ʬʝʥʠʣʛʠʜʨʘʟʠʥʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʤʤʠʘʢʘ, ʘʥʠʣʠʥʘ, ʙʝʥʟʦʣʘ ʠ ʘʟʦʪʘ. 

2PhNHNH2 Ÿ PhNH2 + N2 + PhH + NH3 

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

ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʩʣʫʯʘʝ [(Cp*)3Mo3S4RuH2(PCy3)](PF6), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

[(Cp*)3Mo3S4RuH2(PPh3)](PF6) ʦʙʨʘʟʫʝʪʩʷ ʣʠʰʴ 6.6 ʤʦʣʴ ʘʤʤʠʘʢʘ ʠ ʦʢʦʣʦ 1.6 ʤʦʣʴ ʘʟʦʪʘ. 

ɸʚʪʦʨʳ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠ ʚʦʧʨʦʩ, ʧʦʯʝʤʫ ʟʘʤʝʥʘ PPh3 ʥʘ PCy3 ʦʢʘʟʳʚʘʝʪ ʩʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ. ɸʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʠʞʝ, ʯʝʤ ʤʦʥʦʷʜʝʨʥʳʭ ʪʠʦʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Mo ʠ Ru [17]. 

 

1.2.2.2.6. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʥʠʪʨʦʛʝʥʘʟʳ 

ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʘʟʦʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ 

ʙʝʣʢʦʚ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤ ʚʩʝʤ ʦʨʛʘʥʠʟʤʘʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ N2 ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩʦʩʪʘʚʣʷʝʪ 79%, ʵʪʦʪ ʠʩʪʦʯʥʠʢ ʘʟʦʪʘ ʠʥʝʨʪʝʥ ʠ ʤʦʞʝʪ ʙʳʪʴ 
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ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʧʨʠʛʦʜʥʳʝ ʢ ʫʧʦʪʨʝʙʣʝʥʠʶ ʬʦʨʤʳ, ʥʘʧʨʠʤʝʨ, ʘʤʤʠʘʢ, ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ 

ʙʠʦʩʠʥʪʝʟʘ. ɺ ʧʨʠʨʦʜʝ Mgɸʊʌ-ʟʘʚʠʩʠʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ N2 ʜʦ ʘʤʤʠʘʢʘ ʢʘʪʘʣʠʟʠʨʫʝʪ 

ʥʠʪʨʦʛʝʥʘʟʘ [224, 225]. 

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 

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

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ 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. 

ʇʨʝʜʧʨʠʥʠʤʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʦʧʳʪʦʢ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʪʦʧʦʣʦʛʠʶ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ 

FeMo-ʢʦʬʘʢʪʦʨʘ ʥʠʪʨʦʛʝʥʘʟʳ (ʨʠʩ. 79), ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʦʤʦʱʴʶ ʢʫʙʘʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʷʜʨʘʤʠ {Mo2Fe6S9}, {Mo2Fe6S9}, {Fe8S6O}, {MFe3S4} (M = Mo, W) (ʨʠʩ. 80), ʭʦʪʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʘʢʮʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʟʦʪʘ ʜʦ ʘʤʤʠʘʢʘ ʥʝ 

ʦʙʥʘʨʫʞʝʥʘ. 

 

ʈʠʩ. 79. ʉʪʨʫʢʪʫʨʘ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ FeMo-ʢʦʬʘʢʪʦʨʘ, His = ʛʠʩʪʠʜʠʥ, L-2-ʘʤʠʥʦ-3-(1H-ʠʤʠʜʘʟʦʣ-4-

ʠʣ)ʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ; Cys = ʮʠʩʪʝʠʥ, 2-ʘʤʠʥʦ-3-ʤʝʨʢʘʧʪʦʧʨʦʧʘʥʦʚʘʷ ʢʠʩʣʦʪʘ [226] 

 

 

ʈʠʩ. 80. ʂʦʤʧʣʝʢʩʳ-ʤʦʜʝʣʠ ʘʢʪʠʚʥʦʛʦ ʮʝʥʪʨʘ FeMo-ʢʦʬʘʢʪʦʨʘ, ʧʦ ʧʦʨʷʜʢʫ: [Mo2Fe6S9(SEt)8]
3-
 [227], 

[(Tp)2Mo2Fe6S9(SH)2]
3-
 (Tp = ʪʨʠʩ(ʧʠʨʘʟʦʣʠʣ)ʛʠʜʨʦʙʦʨʘʪ(1-)) [228], [(DmpS)Fe4S3O][(DmpS)Fe4S3](ɛ-SDmp)2(ɛ-

OCPh3) (Dmp = 2,6-(ʤʝʟʠʪʠʣ)2C6H3) [229], [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) [230], [MoFe3S4Cl3L]

3-
 (L = ʦʢʩʘʣʘʪ, ʮʠʪʨʘʪ, ʮʠʪʨʘʤʘʣʘʪ) 

[231], [(Tp)MoFe3S4Cl3]
-
 [232] 
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ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʥʦ- ʠ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʞʝʣʝʟʘ ʠ ʤʦʣʠʙʜʝʥʘ ʩ ʭʝʣʘʪʠʨʫʶʱʠʤʠ 

ʣʠʛʘʥʜʘʤʠ (ʨʠʩ. 81), ʩʦʜʝʨʞʘʱʠʝ ʪʘʢʞʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʘʟʦʪʘ, ʢ ʧʨʠʤʝʨʫ, 

ʢʦʤʧʣʝʢʩʳ [Mo(N2)2(PNP)]2(ɛ-N2) ʠ [Mo(N2)2(PNP)]2(P) [233, 234] (PNP = 2,6-ʙʠʩ(ʜʠ-ʪʨʝʪ-

ʙʫʪʠʣʬʦʩʬʠʥʦ)ʤʝʪʠʣʧʠʨʠʜʠʥ; ʈ = P
t
Bu2), ʦʢʘʟʘʣʠʩʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʚ ʵʪʠʭ 

ʨʝʘʢʮʠʷʭ. ɿʥʘʯʝʥʠʷ TOF ʜʣʷ ʤʦʣʠʙʜʝʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʦʩʪʠʛʘʶʪ 28 ʯ
-1
 ʧʨʠ TON = 46, ʘ 

ʚʳʭʦʜ ʘʤʤʠʘʢʘ ï 49%. ʉʦʧʫʪʩʪʚʫʶʱʠʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ ʜʠʚʦʜʦʨʦʜ ʩ ʚʳʭʦʜʦʤ 37% 

(ʨʠʩ. 82) [234]. 

 

ʈʠʩ. 81. ʇʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ Fe ʠ Mo ʩ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʣʠʛʘʥʜʦʤ N2 

 

 

ʈʠʩ. 82. ʆʙʨʘʟʦʚʘʥʠʝ ʘʤʤʠʘʢʘ ʠʟ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʙʘʣʴʪʦʮʝʥʘ ʠ ʪʨʠʬʪʦʨʤʝʪʘʥʩʫʣʴʬʦʥʘʪʘ 

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 ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʣʠʛʘʥʜʦʚ 

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

ʜʨʫʛʦʡ ʯʝʨʝʟ ʤʦʩʪʠʢʦʚʳʡ ʣʠʛʘʥʜ N2, ʯʪʦ ʘʢʪʠʚʠʨʫʝʪ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʝʱʝ ʦʜʥʦʛʦ ʧʨʦʪʦʥʘ ʢ 

ʛʨʫʧʧʝ NH2 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʳ NH3 (ʨʠʩ. 83). ʆʙʨʘʟʦʚʘʥʠʝ ʘʤʤʠʘʢʘ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʦʜʦʨʦʜʘ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʜʘʥʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. ʇʦʜʘʚʣʝʥʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʘʤʤʠʘʢʘ. 
































































































































































































































































































































































































































































