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Abstract: In this review, the recent research progress of organic hybrid main group heterometallic chalcogenides
based on antimony has been summarized. The structures and typical secondary building units of these compounds
are described and classified. The roles of organic constituents as structure-directing agents or ligands are

explored. The studies on their ion-exchange and photocatalytic properties are reviewed.
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three dimensional.
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[In,Sh,S+Se,|(x=0,2.20,4.20,7), lfi Se Y AT (1) 3
i, HATBR A IR A 2.31.1.93.1.78 .1.61 eV, &
AETHRBMERE, AN, a5 T 38 # mT LN [H)
B AR EG B AL ES F 51 Aghterh o n] DLik
XA A YA B R 1 — A B R0 3D-
[Me,NH, [ GeSh,Se|fb & #10, HoAlf Bk 2.62 eV, Cs*
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Table 1 Summary of organic hybrid main-group heterometallic chalcogenides based on antimony

Compounds Space group D. Reactants Solvent Temp. / C
Ga-Sh-Q
[Ni(en)s][GasShsS]"™ P2Je 2 Ga+Sh+S+NiCL-6H,0 en 190
[(Me),NH, [ GaxSh,S, " P2/ 2 Ga+Sb+S Dabco+DMF 190
[enH,][GasSh,S] - en" P2/c 2 Ga0s+Sb+S py+en 190
[puHL{GasSh.S, |1 P2, 2 Ga0.5htS py+1,3-dap 190
[(Me)NH;L[GasShsS;] - HLO! P2, 2 GaSiShSiS (Me)NH - H,0 155
[HaepL[Ga:Sh:S, ™ P222, 2 Ga+ShsS acp 170
In-Sh-Q
[M(dien)sJ-InsSheS, (M=Co, Ni)2%! PI 1 Tn+S+Sb+Ni/Co dien+H.0 180/170
[Ni(en)s][InShS,]*" R3¢ 1 Sb+In+S+NiCl,-6H,0 en 190
[Ni(dien),]5(InsShS), - 2H,0 Pben 2 In+S+Sb+Ni dien 160
[Me;NH,|bIn,ShsS;. Se, (x=0,2.20,4.20,7)* C2/e 2 InS;+Sh,Ss+S/Se DMF+N,H,- H,0 160
[Ni(en)s][Tn:Sh:S;]* P2Je 2 In+S+SheNi en+H,0 170
[(CH;CH,CH,):NH,]sInsSheS 0+ 1.45H,0M C2/m 2 In,S3+Sh,S;+S dpa+H,0 160
[M(dap)s]InShiS,(M=Co, Ni) P2Je 3 In+S+Sh+Co/Ni 1,2-dap+H;0 170
[(Co(en)s)]5(en)IneSheS,; - H,O™ C2/e 3 In+S+Sh,Ss+Co en 170
[(Ni(en)s)]5(en)IneSheS,/*! C2/e 3 In+S+Sb+Ni en 170
[NH;CHs],[ In,SbSSH|*! P23 3 In,S;+Sh,S;+S CH:NH,+ CoH;0H+CoH:OH 160
Ge-Sh-Q
[Me;NH,J(GesShsS)(Ge:S ]! Pl 0 GeOsSh+S DMF 160
[(Me),NH,|[DabcoH o Ge,ShsS " c2 1 GeO+Sh+S DMF+Dabco 160
[M(en)s[GeShsSel(M=Ni, Co)™! Phea p  GeOnShaSNICLGH.Of en 160

Co(NO;),-6H,0

[Ge(en)s[GeSh:S™ Phea 2 GeOrtShSiS en 190
[Co(dien)s:GeShiS,/™ Phea 2 GeOsSh+S+Co dien 170
[Mn(en);]|GeSh,S4* Pbca 2 GeOs+Sh+S+Mn en 170
[(Me);NH,L[GeSh,Sq™ P422 3 GeOnSheS DMF 160
L-In-Sb-S
([Tn(CEH N2).J:Sb:Sg) L C2le TnCl+S+Sh 1,2-cyclohexanediamine 190
[Co(tren)InShS,J*¥ P2/c 2 In+S+Sb+Co tren 160
L-La-Sbh-Sn-S
[La(en).SbSnSsh-0.5H,0 P2 0 Sh+Sn+S+La(CH:CO0)-5H,0 en 160

Abbreviations: en =ethylenediamine; Dabco =triethylenediamine; dien =diethylenetriamine; aep =N-(2-aminoethyl)piperazine; tren =tris (2-

aminoethyl)amine); py=pyridine; DMF=N,N’'-dimethylformamide; 1,3-dap=1,3-propanediamine; 1,2-dap=1,2-propanediamine.
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Fig.7 Novel M-Sb-Q (M=Ga, In, Ge, Sn) heterometallic chalcogenido secondary building units: pseudosemicube-like
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