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Abstract

Part 1. Some binary compounds, such as Bi2Te3, CdTe, are well known functional materials; our aim is to investigate the dependence of the variation of their properties on the structure modification by introducing the transition or lanthanide metal into the binary systems. And the chemical tailoring role of the alkali metals are also introduced into the systems. Some novel series of chalcogenides, CsLnCdTe3 (Ln = La, Ln=La, Pr, Nd ,Sm ,Gd—Tm, Lu), CsGdMnTe3, Cs(M/In)9Te12 （M =Mn, Zn, Cd）were discovered. Interestingly, The exploration to the neighboring antimonide leads to the discovery of the new antimonide, Ln12Zn4Sb23 （Ln=La, Pr, Nd , Sm）and Cs8Cd16Sb30 the first transition metal involved clathrate compound. Characters in structures, properties and theoretical studies are described along the way.
Part 2. i) A new nano material synthesis methodology has been established — structure-controlled solventless method. The key point of this method is that the nanoproduct morphology is self-controlled on the atomic level by the structure of the precursor during the mild solid state conversion. Utilizing such method, we have successfully synthesized uniform Cu2S nanowires by realizing the morphology-polymerization dependence; and made monodisperse silver nanodisks from a large d-spacing layered precursor; and substantiated layered precursor- nanofilm-layered nanoproduct conversion mechanism in Bi system. ii) Utilizing solventless method we have successfully generated uniform CuS micron core-shell balls; Sb2S3, Pb5I6S2 nanobelts, (Bi(Bi2S3)9I3)0.667, Bi2S3 nanorods etc.     
Part 3. The structure diversities have been found in heterometallic lead/bismuth iodides systems. A series of examples are reported for the novel [M4(bipy)12Pb11I28S]n with a 2.2 nm wide Pb/I chain, dimension-substituent relationship in [PbI(S2CNR)]n (R = Me2, (CH2)4, and (CH2)5). And a new type of compounds BiI6M3(PPh3)6 (M = Cu, Ag) exhibiting interesting ferroelectric properties is made which leads to a new access to construct/discover new ferroelectric materials. More research is ongoing.
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