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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʇʣʘʪʠʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʠ ʢʨʠʪʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ ʠ ʥʘʭʦʜʠʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʚ 

ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʤʙʨʘʥ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʝʨʭʯʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʜʣʷ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ), ʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝ, 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʝʢʣʘ, ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨ. 

(Rao et al., 2000; Saguru et al., 2018). ʇʣʘʪʠʥʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʤʥʦʛʠʝ ʠʟ ʝʝ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʷʚʣʷʶʪ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʩʚʦʡʩʪʚʘ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʦʚ (Huo, 2018; Xu et al., 2016; Yan et al., 

2017; McGuire et al., 2022). 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʦʝ ʢʣʘʨʢʦʚʦʝ ʯʠʩʣʦ Pt, ʥʘ ɿʝʤʣʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʠ ʩʫʧʝʨʢʨʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ Pt, ʢʘʢ ʠ ʜʨʫʛʠʭ ʧʣʘʪʠʥʦʠʜʦʚ, ʠʤʝʝʪ 

ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʛʝʥʝʟʠʩ. ɺ ʨʫʜʘʭ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ Pt ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʘʤʦʨʦʜʥʦʤ ʚʠʜʝ, 

ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʨʫʛʠʤʠ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (Cu, Fe, Hg, Ni, Ag), 

ʧʦʩʪʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (Bi, Pb, Sn), ʤʝʪʘʣʣʦʠʜʘʤʠ (Sb, As, Te) ʠ ʥʝʤʝʪʘʣʣʘʤʠ (Se, 

S), ʘ ʪʘʢʞʝ ʚ ʨʘʩʩʝʷʥʥʦʡ ʬʦʨʤʝ ʚ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʘʭ ï ʢʦʥʮʝʥʪʨʘʪʦʨʘʭ Pt (ʥʘʧʨʠʤʝʨ 

ʧʠʨʠʪʝ, ʧʠʨʨʦʪʠʥʝ, ʧʝʥʪʣʘʥʜʠʪʝ) (ɼʦʜʠʥ ʠ ʜʨ., 2011). ʇʨʠ ʵʪʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʦʣʫʤʝʪʘʣʣʦʚ Pt ʩʢʣʦʥʥʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʩʢʨʝʪʥʳʭ ʬʘʟ ʩ As, Sb, Te ʠ Bi (Cawthorn et 

al., 2002; Barkov et al., 2002; Godel et al., 2007; Holwell and McDonald, 2007; McDonald, 

2008; Helmy and Botcharnikov, 2020), ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʝʝ ʚʭʦʞʜʝʥʠʝ ʚ ʩʫʣʴʬʠʜʥʳʝ 

ʤʠʥʝʨʘʣʳ (Gervilla et al., 1998; Hutchinson and McDonald, 2008; Helmy and Botcharnikov, 

2020). 

ɼʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ Pt ʷʚʣʷʶʪʩʷ ʝʝ 

ʪʝʣʣʫʨʠʜʳ ʠ ʚʠʩʤʫʪʠʜʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʨʷʜʫ ʩ ʚʟʘʠʤʥʳʤ ʟʘʤʝʱʝʥʠʝʤ Bi ʠ Te ʯʘʩʪʦ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠʤʝʩʴ Pd. ʉʦʜʝʨʞʘʥʠʝ (Pt,Pd)-ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ɹʫʰʚʝʣʴʜʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ɺʝʣʠʢʦʡ ɼʘʡʢʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 60% ʦʪ ʦʙʱʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʕʇɻ) ʚ ʧʝʨʚʠʯʥʳʭ ʕʇɻ-ʩʦʜʝʨʞʘʱʠʭ ʨʫʜʘʭ 

(Cabri et al., 2022). ʇʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʘʤ Pt ʦʪʨʘʞʘʝʪʩʷ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʠʩʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʩ ʠʭ 
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ʫʯʘʩʪʠʝʤ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪe (Vil joen et al., 2015) ʠʟʫʯʘʣʠʩʴ ʧʨʠʨʦʜʥʳʝ 

ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʳ Pt, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʣʝʞʘʣʠ ʥʘ ʣʠʥʠʠ ʤʦʥʯʝʠʪ (PtTe2) - ʤʘʩʣʦʚʠʪ 

(PtBiTe). ɺ ʨʘʙʦʪʝ Harney and Merkle (1990) ʦʪʨʘʞʝʥʳ ʦʙʲʝʜʠʥʝʥʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʩʦʩʪʘʚʘʤ ʧʨʠʨʦʜʥʳʭ ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʦʚ Pt, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʣʦʞʠʣʘʩʴ ʥʘ 

ʣʠʥʠʶ ʤʦʥʯʝʠʪ - ʠʥʩʠʟʚʘʠʪ (PtTe2 - PtBi2). ʉʧʠʨʠʜʦʥʦʚ ʠ ʜʨ. (2015) ʦʙʥʘʨʫʞʠʣʠ ʚ ʨʫʜʘʭ 

ʅʦʨʠʣʴʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ ʧʣʘʩʪʠʥʳ ʤʦʥʯʝʠʪʘ, ʦʙʨʦʩʰʠʝ 

ʟʦʥʘʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʤʘʩʣʦʚʠʪʘ ʠ ʠʥʩʠʟʚʘʠʪʘ (ʠ ʛʝʚʝʨʩʠʪʘ PtSb2). ʅʝʜʘʚʥʦ 

ʦʪʢʨʳʪʳʡ ʤʠʥʝʨʘʣ ʤʠʪʨʦʬʘʥʦʚʠʪ Pt3Te4 ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʨʫʜʘʭ ʇʘʥʩʢʠʭ ʪʫʥʜʨ 

(ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ) ʚ ʩʨʦʩʪʢʘʭ ʩ ʤʦʥʯʝʠʪʦʤ (Subbotin et al., 2019). 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʦʩʪʘʚʫ ʧʨʠʨʦʜʥʳʭ 

ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʦʚ Pt, ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʜʦ ʩʠʭ ʧʦʨ ʥʝʠʟʚʝʩʪʥʳ 

(Vymazalov§ and Chareev, 2018). ʅʝʜʦʩʪʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʠʟʫʯʘʷ 

ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʚ ʠʩʢʫʩʩʪʚʝʥʥʦ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʛʨʘʥʠʮʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ) ʬʘʟ ʠ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʥʠʤʠ ʧʦʟʚʦʣʷʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʩʪʘʙʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʣʫʯʰʝ 

ʧʦʥʠʤʘʪʴ ʫʩʣʦʚʠʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʷʭ ʚ 

ʩʠʩʪʝʤʝ Pt-Bi-Te ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʜʣʷ ʬʠʟʠʢʦʚ, 

ʪʝʭʥʦʣʦʛʦʚ, ʛʝʦʣʦʛʦʚ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʦʚ. 

ʇʦʤʠʤʦ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ Pt, ʥʝ ʤʝʥʝʝ ʘʢʪʫʘʣʴʥʳ 

ʚʦʧʨʦʩʳ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ çʨʘʩʩʝʷʥʥʦʡè Pt. ɽʱʝ ʚ 1931 ʛ. ʩʫʧʨʫʛʠ ʅʦʜʜʘʢ, 

ʟʘʥʠʤʘʚʰʠʝʩʷ ʘʥʘʣʠʟʦʤ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʧʨʝʜʤʝʪ ʩʦʜʝʨʞʘʥʠʷ Re, ʧʨʦʚʝʣʠ 

ʙʦʣʝʝ 1600 ʘʥʘʣʠʟʦʚ, ʧʦʧʫʪʥʦ ʦʧʨʝʜʝʣʷʷ ʩʦʜʝʨʞʘʥʠʝ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ, ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʯʝʛʦ ʩʪʘʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʩʠʣʠʢʘʪʦʚ, 

ʩʝʣʝʥʠʜʦʚ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʩʫʣʴʬʠʜʥʳʭ, ʩʦʜʝʨʞʘʪ ʤʝʪʘʣʣʳ ʧʣʘʪʠʥʦʚʦʡ 

ʛʨʫʧʧʳ (Noddack and Noddack, 1931). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ çʨʘʩʩʝʷʥʥʦʡè Pt ʚ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʫʣʴʬʠʜʘʭ, ʥʘʧʨʠʤʝʨ, ʚ ʧʠʨʠʪʝ ʠʣʠ ʧʠʨʨʦʪʠʥʝ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ 

ppm (Oberth¿r et al., 1997; Zaccarini et al., 2014, Filimonova et al., 2019), ʢʦʥʢʨʝʪʥʘʷ ʬʦʨʤʘ 

ʥʘʭʦʞʜʝʥʠʷ çʨʘʩʩʝʷʥʥʦʡè Pt (ʯʪʦ ʵʪʦ ï ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʪ.ʜ.) ʚ 

ʤʠʥʝʨʘʣʝ-ʤʘʪʨʠʮʝ ʯʘʩʪʦ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ. ɿʥʘʥʠʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ Pt 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 



6 

 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʳ. ʇʨʝʜʧʦʣʦʞʠʪʴ ʬʦʨʤʫ ʥʘʭʦʞʜʝʥʠʷ 

ʧʨʠʤʝʩʥʦʡ Pt ʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʝʝ ʟʘʨʷʜʦʚʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ (X-Ray 

Absorption Spectroscopy, XAS), ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʘʪʦʤʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʠ ʟʘʨʷʜʦʚʳʭ ʩʚʦʡʩʪʚ ʘʪʦʤʦʚ ʚ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʩʦʝʜʠʥʝʥʠʷʭ. ʀʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʙʣʠʞʥʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ XAS ï XANES 

(X-ray Absorption Near Edge Structure, ʦʢʦʣʦʢʨʘʝʚʘʷ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ), ʦʪʨʘʞʘʝʪ ʧʣʦʪʥʦʩʪʴ ʥʝʟʘʥʷʪʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʘʣʝʥʪʥʳʭ 

ʦʨʙʠʪʘʣʝʡ ʧʦʛʣʦʱʘʶʱʝʛʦ ʘʪʦʤʘ. ʉʨʘʚʥʠʚʘʷ XANES ʩʧʝʢʪʨ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʩ 

ʪʘʢʦʚʳʤʠ ʜʣʷ ʦʙʨʘʟʮʦʚ-ʩʪʘʥʜʘʨʪʦʚ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʘʪʦʤʘ (ʚ ʯʘʩʪʥʦʩʪʠ Pt), ʦʜʥʘʢʦ ʠʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʢʨʝʪʥʦʡ 

ʚʝʣʠʯʠʥʝ ʟʘʨʷʜʘ ʧʦʛʣʦʱʘʶʱʝʛʦ ʘʪʦʤʘ ʠʟ ʩʧʝʢʪʨʘ XANES ʥʘʧʨʷʤʫʶ ʟʘʪʨʫʜʥʝʥʦ ʠʣʠ 

ʚʦʚʩʝ ʥʝʚʦʟʤʦʞʥʦ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙʭʦʜʠʤʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ 

Pt-Bi-Te ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 350-550Áʉ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʜʠʭʘʣʴʢʦʛʝʥʠʜʦʚ Pt ʠ ʠʟʫʯʝʥʠʝ ʟʘʨʷʜʦʚʳʭ ʩʚʦʡʩʪʚ Pt ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʘʪʦʤʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʠʥʪʝʟ ʬʘʟ ʠ ʬʘʟʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ; 

2. ʇʨʦʚʝʜʝʥʠʝ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʠ ʧʦʨʦʰʢʦʚʦʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ; 

3. ʇʦʩʪʨʦʝʥʠʝ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʩʝʯʝʥʠʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ Pt-Bi-Te 

ʧʨʠ 350, 450 ʠ 550Áʉ; 

4. ʇʦʣʫʯʝʥʠʝ ʬʘʟ, ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ Pt-Bi-Te ʚ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʬʦʨʤʝ; 

5. ʈʝʛʠʩʪʨʘʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ Pt ʚ ʙʠʥʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʭʘʣʴʢʦʛʝʥʘʤʠ, ʧʥʠʢʪʦʛʝʥʘʤʠ ʠ ʥʝʢʦʪʦʨʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ 

ʤʝʪʘʣʣʘʤʠ (Ga, In, Sn) ʠ ʚʳʯʠʩʣʝʥʠʝ ʧʘʨʮʠʘʣʴʥʦʛʦ ʘʪʦʤʥʦʛʦ ʟʘʨʷʜʘ Pt ʤʝʪʦʜʘʤʠ 

ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ; 
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6. ɺʳʷʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʧʘʨʮʠʘʣʴʥʳʤ ʘʪʦʤʥʳʤ ʟʘʨʷʜʦʤ Pt ʠ 

ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ XANES ʩʧʝʢʪʨʘ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʟʘʧʦʣʥʝʥʠʷ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ Pt; 

7. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʮʠʘʣʴʥʦʛʦ ʘʪʦʤʥʦʛʦ ʟʘʨʷʜʘ Pt ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʤ Pt-

ʩʦʜʝʨʞʘʱʝʤ ʘʥʘʣʦʛʝ ʧʠʨʠʪʘ ʧʦ ʥʘʡʜʝʥʥʳʤ ʢʦʨʨʝʣʷʮʠʷʤ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 350-550Áʉ (ʜʘʚʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʘʨʘ). ʈʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ 

ʧʦʣʫʯʝʥʳ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʠʩʪʘʣʣʳ ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʟʘʤʝʱʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ss-PtTe2 ʠ 

ʙʝʩʧʨʠʤʝʩʥʦʛʦ PtTe2. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʘʣʝʥʪʥʳʭ ʦʨʙʠʪʘʣʝʡ Pt ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʘʡʜʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʘʨʮʠʘʣʴʥʳʤ ʘʪʦʤʥʳʤ ʟʘʨʷʜʦʤ Pt ʠ 

ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ XANES ʦʙʣʘʩʪʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥ ʟʘʨʷʜ Pt ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ Pt-ʩʦʜʝʨʞʘʱʝʛʦ ʧʠʨʠʪʘ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. 

 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʷʭ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʠʟʚʝʩʪʥʳʭ ʚ ʧʨʠʨʦʜʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʥʦʚʳʭ ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʦʚ Pt. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ï ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʘʥʘʣʦʛʠ ʤʠʥʝʨʘʣʦʚ ʩʠʩʪʝʤʳ Pt-Bi-Te ï ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʚʣʠʷʥʠʷ ʟʘʨʷʜʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ Pt ʥʘ ʧʘʨʘʤʝʪʨʳ XANES 

ʩʧʝʢʪʨʘ ʧʦʟʚʦʣʠʪ ʧʨʦʩʪʳʤ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʮʠʘʣʴʥʳʡ ʟʘʨʷʜ Pt ʢʘʢ ʚ 

ʝʝ ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʘʭ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʬʘʟʘʭ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ Pt ʥʘʭʦʜʠʪʩʷ 

ʚ çʨʘʩʩʝʷʥʥʦʡè ʬʦʨʤʝ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʤʠʥʝʨʘʣʝ-ʭʦʟʷʠʥʝ. ʀʟʚʝʩʪʥʳʡ ʧʘʨʮʠʘʣʴʥʳʡ 

ʘʪʦʤʥʳʡ ʟʘʨʷʜ ʧʨʠʤʝʩʥʦʡ Pt, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʣʝʛʯʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ 

Pt. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʟʘʨʷʜʘ Pt ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ 

ʚʘʣʝʥʪʥʳʭ ʦʨʙʠʪʘʣʷʭ ʤʝʪʘʣʣʘ ʧʦʟʚʦʣʷʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʥʦʚʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʭʠʤʠʠ ʀɻɽʄ ʈɸʅ, ʣʘʙʦʨʘʪʦʨʠʠ 

ʵʣʝʢʪʨʦʭʠʤʠʠ, ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʬʠʟʠʢʠ ʤʠʥʝʨʘʣʦʚ ʀʕʄ ʈɸʅ (ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ) ʠ ʅʀʎ 

çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè (ʄʦʩʢʚʘ). 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 192 ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ, 18 ʦʙʨʘʟʮʦʚ 

ʧʦʣʫʯʝʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʟʘʨʷʜʦʚʳʭ ʩʚʦʡʩʪʚ Pt. ʆʙʱʠʡ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 

ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ (ʈʌɸ), ʘ ʣʦʢʘʣʴʥʳʡ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʘʟ ï ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ (ʈʉʄɸ). 

ɿʘʨʷʜʦʚʳʝ ʩʚʦʡʩʪʚʘ Pt ʠʟʫʯʘʣʠʩʴ ʥʘ ʝʝ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʢʦʪʦʨʳʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ (XAS) ʚ ʪʨʝʭʢʨʘʪʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ ʥʘ ʂʫʨʯʘʪʦʚʩʢʦʤ ʠʩʪʦʯʥʠʢʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ "ʂʀʉʀ-ʂʫʨʯʘʪʦʚ" 

ʠ ʧʨʦʚʦʜʠʣʠʩʴ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ QUANTUM ESPRESSO ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʌʝʜʝʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ çʂʦʤʧʣʝʢʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ ʤʝʛʘ-ʢʣʘʩʩʘè ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè. ʆʙʨʘʙʦʪʢʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ Athena ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

IFFEFIT. ɺʩʝʛʦ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʠ ʦʙʨʘʙʦʪʘʥʦ 58 ʩʧʝʢʪʨʦʚ XAS. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʩʠʥʪʝʟʝ ʧʦʨʦʰʢʦʚʳʭ ʠ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʧʣʘʪʠʥʦʚʳʭ ʬʘʟ ʠ ʠʭ ʘʩʩʦʮʠʘʮʠʡ, ʦʙʨʘʙʘʪʳʚʘʣʘ ʨʝʟʫʣʴʪʘʪʳ ʈʉʄɸ ʠ ʈʌɸ. 

ɸʚʪʦʨ ʧʨʦʠʟʚʦʜʠʣʘ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ, ʦʙʨʘʙʘʪʳʚʘʣʘ ʜʘʥʥʳʝ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʘ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɸʚʪʦʨ ʣʠʯʥʦ ʩʪʨʦʠʣʘ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʠ ʧʣʘʥʠʨʦʚʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʭ ʠʟʫʯʝʥʠʶ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣʘ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʣʘ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ 

ʛʦʪʦʚʠʣʘ ʤʘʪʝʨʠʘʣʳ ʢ ʧʫʙʣʠʢʘʮʠʠ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʦ 3 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, 

ʦʪʨʘʞʝʥʥʳʭ ʚ ʩʧʠʩʢʝ Web of Science. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ç13
th
 International Platinum Symposiumè (Polokwane, South Africa, 2018); çʌʠʟʠʯʝʩʢʘʷ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʭʠʤʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʩʠʩʪʝʤ, ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʤʘʪʝʨʠʘʣʳ ï ʍʦʜʘʢʦʚʩʢʠʝ ʯʪʝʥʠʷè (2019, 2021); çʅʦʚʦʝ ʚ ʧʦʟʥʘʥʠʠ ʧʨʦʮʝʩʩʦʚ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷè (2017, 2018, 2019); çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝè (2018); ç15th Biennial SGA Meeting, Life with Ore Deposits 

on Earthè (Glasgow, Scotland, UK, 2019); çʇʦʨʦʜʦ-, ʤʠʥʝʨʘʣʦ- ʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝè: 

ʜʦʩʪʠʞʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡè (2020); çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʝʞʝʛʦʜʥʳʡ ʩʝʤʠʥʘʨ 

ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ, ʧʝʪʨʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠè (2024); XV ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʠʥʝʨʘʣʦʛʠʷ, ʧʝʪʨʦʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷè 

(2024); ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʬʦʨʫʤ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï ʂʫʨʯʘʪʦʚʩʢʠʡ ʬʦʨʫʤ 

çʀʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʝʡʪʨʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚè 

(2024). 

 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ɺ ʩʠʩʪʝʤʝ Pt-Bi-Te ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 350-550Áʉ ʩʫʱʝʩʪʚʫʶʪ ʩʝʤʴ 

ʙʠʥʘʨʥʳʭ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʬʘʟ, ʨʘʩʪʚʦʨʷʶʱʠʭ ʪʨʝʪʠʡ ʢʦʤʧʦʥʝʥʪ: ss-PtTe2, ss-Pt2Te3, 

ss-Pt3Te4, ss-PtTe, ss-Pt2Bi3, ss-PtBi2, ss-PtBi, ʪʨʦʡʥʳʭ ʬʘʟ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɼʦʙʘʚʣʝʥʠʝ Te 

ʧʦʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʵʚʪʝʢʪʦʠʜʥʦʛʦ ʨʘʩʧʘʜʘ Pt2Bi3 ʙʦʣʝʝ ʯʝʤ ʥʘ 200Áʉ: ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 550Áʉ ʬʘʟʘ ss-Pt2Bi3 ʩʪʘʙʠʣʴʥʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ Te ʦʪ ~2 ʜʦ ~15 ʘʪ.%,  ʧʨʠ 

450Áʉ ï ʦʪ 7 ʜʦ 10 ʘʪ.%, ʧʨʠ 350Áʉ ï ʧʨʠ ~11-12 ʘʪ.%. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

550 ʢ 350Áʉ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʤʝʥʷʶʪʩʷ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʯʠʩʣʘ 

ʩʪʘʙʠʣʴʥʳʭ ʪʝʣʣʫʨʠʜʦʚ Bi, ʫʤʝʥʴʰʝʥʠʷ ʧʦʣʝʡ ʨʘʩʧʣʘʚʦʚ Bi ʠ Te ʠ ʠʟʤʝʥʝʥʠʷ ʦʙʣʘʩʪʝʡ 

ʛʦʤʦʛʝʥʥʦʩʪʠ ʙʠʥʘʨʥʳʭ ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʭ ʬʘʟ. 

2. ʄʝʪʦʜ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ (Te) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʨʠʩʪʘʣʣʳ PtTe2 ʠ 

ss-PtTe2 ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Bi (ʤʝʥʝʝ 1 ʘʪ.%). ʄʝʪʦʜʦʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ 

ʞʠʜʢʦʤ Bi ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʢʨʠʩʪʘʣʣʳ ss-

PtTe2 ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Bi (ʙʦʣʝʝ 38 ʘʪ.%). 
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3. ʇʘʨʮʠʘʣʴʥʳʡ ʘʪʦʤʥʳʡ ʟʘʨʷʜ Pt ʚ ʙʠʥʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʨʦʩʪʦʤ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʣʠʛʘʥʜʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʟʘʢʦʥʦʤʝʨʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ï ʧʦʣʦʞʝʥʠʠ ʢʨʘʷ 

ʧʦʛʣʦʱʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʣʦʱʘʜʠ ʙʝʣʦʡ ʣʠʥʠʠ. ʇʨʠ ʨʦʩʪʝ ʯʠʩʣʘ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ (Te, Sn, Ga, In) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʧʣʦʱʘʜʴ ʙʝʣʦʡ ʣʠʥʠʠ Pt 

L3-ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪ.ʝ. ʫʤʝʥʴʰʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘ d-

ʦʨʙʠʪʘʣʷʭ, ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʘʚʠʣʫ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ. ʋʤʝʥʴʰʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ d-ʦʨʙʠʪʘʣʷʭ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʝʝ ʩʦʧʨʷʞʸʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʘ ʛʠʙʨʠʜʥʳʭ sp-ʦʨʙʠʪʘʣʷʭ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʦʙʲʝʤʦʤ 150 ʩʪʨʘʥʠʮ ʩʦʩʪʦʠʪ ʠʟ ʦʛʣʘʚʣʝʥʠʷ, ʚʚʝʜʝʥʠʷ, 

ʪʨʝʭ ʛʣʘʚ, ʚʳʚʦʜʦʚ, ʙʣʘʛʦʜʘʨʥʦʩʪʝʡ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 165 

ʥʘʠʤʝʥʦʚʘʥʠʡ, ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 4 

ʧʨʠʣʦʞʝʥʠʡ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʟʘʥʠʤʘʝʪ 109 ʩʪʨʘʥʠʮ ʠ ʩʦʜʝʨʞʠʪ 12 ʪʘʙʣʠʮ ʠ 69 

ʨʠʩʫʥʢʦʚ, ʥʫʤʝʨʘʮʠʷ ʪʘʙʣʠʮ ʠ ʨʠʩʫʥʢʦʚ ʩʢʚʦʟʥʘʷ. ɺ ʧʨʠʣʦʞʝʥʠʷʭ ʥʘʭʦʜʷʪʩʷ 18 ʪʘʙʣʠʮ 

ʠ 18 ʨʠʩʫʥʢʦʚ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ɹ.ʈ. 

ʊʘʛʠʨʦʚʫ ʟʘ ʧʦʤʦʱʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʢʨʘʡʥʝ ʧʨʠʟʥʘʪʝʣʴʥʘ ɸ.ʃ. ʊʨʠʛʫʙʫ 

(ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè) ʟʘ ʦʙʫʯʝʥʠʝ ʦʩʥʦʚʘʤ ʤʝʪʦʜʘ XAS ʠ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʤ ʨʘʩʯʸʪʘʤ, ʩʦʚʤʝʩʪʥʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʨʘʙʦʪʫ ʥʘ ʠʩʪʦʯʥʠʢʝ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʨʘʙʦʪʫ, ʧʦʩʪʦʷʥʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ 

ʧʦʤʦʱʴ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; ɸ. ɺʳʤʘʟʘʣʦʚʦʡ (ʏʝʰʩʢʘʷ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ, ʏʝʭʠʷ) ʟʘ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʧʨʠ ʠʟʫʯʝʥʠʠ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ, 

ɽ.ɻ. ʆʩʘʜʯʝʤʫ (ʀʕʄ ʈɸʅ) ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʝʯʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ; ɸ.ʌ. 

ʃʘʛʫʪʠʥʦʡ ʠ ʀ.ɻ. ʇʫʟʘʥʦʚʦʡ (ʀʕʄ ʈɸʅ) ʟʘ ʧʦʤʦʱʴ ʚ ʩʠʥʪʝʟʝ ʧʣʘʪʠʥʦʚʳʭ ʬʘʟ; ɸ.ʅ. 

ʅʝʢʨʘʩʦʚʫ (ʀʕʄ ʈɸʅ) ʠ ɽ.ɺ. ʂʦʚʘʣʴʯʫʢ (ʀɻɽʄ ʈɸʅ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʈʉʄɸ ʠʟʤʝʨʝʥʠʡ; 

ɸ.ɸ. ʄʝʞʫʝʚʦʡ (ʀɻɽʄ ʈɸʅ), ʄ.ʉ. ʅʠʢʦʣʴʩʢʦʤʫ (ʀɻɽʄ ʈɸʅ), ɸ.ʉ. ʋʣʘʥʦʚʦʡ (ʀɻɽʄ 

ʈɸʅ) ʠ ɻ.ɺ. ʂʠʨʶʭʠʥʦʡ (ɻʌ ʄɻʋ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʈʌɸ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʩʠʩʪʝʤ Pt-Bi-

Te ʠ Pt-Pd-Bi-Te ʠ ʧʦʤʦʱʴ ʚ ʨʘʩʰʠʬʨʦʚʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 



11 

 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ; ʆ.ʅ. ʌʠʣʠʤʦʥʦʚʦʡ (ɽʚʨʦʧʝʡʩʢʠʡ ʠʩʪʦʯʥʠʢ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʌʨʘʥʮʠʷ) ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʦ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ XAS ʵʢʩʧʝʨʠʤʝʥʪʦʚ; 

ɺ.ɼ. ɹʨʦʚʯʝʥʢʦ (ʀɻɽʄ ʈɸʅ) ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʧʦʤʦʱʴ ʚ ʧʦʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ 

ʛʝʦʭʠʤʠʠ ʧʣʘʪʠʥʳ; ʄ. ɸʙʜʝʣʴ-ʍʘʬʠʟʫ (ʋʧʧʩʘʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʐʚʝʮʠʷ) ʟʘ ʠʟʫʯʝʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ ʜʠʪʝʣʣʫʨʠʜʘ ʧʣʘʪʠʥʳ ʤʝʪʦʜʦʤ ARPES, ʅ.ɸ. ʇʦʣʦʪʥʷʥʢʦ (ʋʥ-ʪ. çɼʫʙʥʘè) ʠ 

ɸ.ɺ. ʊʶʨʠʥʫ (ʀʆʅʍ ʈɸʅ) ʟʘ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ PtTe2. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (20-35-70049 

ʩʪʘʙʠʣʴʥʦʩʪʴ, 16-05-00938ʘ) ʠ ɻʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʌ ˉ ʅʐ-2394.2022.1.5. 

 

ɻʣʘʚʘ I. ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 350-550Áʉ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʘʟʦʚʳʤ ʜʠʘʛʨʘʤʤʘʤ 

ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤ Pt-Bi, Pt-Te ʠ Bi-Te, ʩʦʩʪʘʚʫ ʧʨʠʨʦʜʥʳʭ ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʦʚ Pt, 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʥʘʣʦʛʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʩʠʩʪʝʤʝ ʬʘʟ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ʦ 

ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʷʭ ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ Pt-Bi-Te ʥʝʪ, ʧʦʵʪʦʤʫ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʦ ʩʪʦʨʦʥʳ ʧʨʠʨʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʘ 

ʪʘʢʞʝ ʩʦ ʩʪʦʨʦʥʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʭʦʞʝʡ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ Pt-Sb-Te. ʂʨʦʤʝ ʪʦʛʦ, ʚ ɻʣʘʚʝ 

I ʦʧʠʩʘʥ çʩʫʭʦʡè ʤʝʪʦʜ ʩʠʥʪʝʟʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʦʙʱʝʛʦ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ. 

 

1.1 ʌʘʟʳ ʠ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʙʠʥʘʨʥʳʭ (Pt-Bi, Pt-Te, Bi-Te) ʠ ʪʨʦʡʥʦʡ (Pt-Bi-

Te) ʩʠʩʪʝʤʘʭ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

1.1.1 ʉʠʩʪʝʤʘ Pt-Bi 

 

ʀʟʫʯʝʥʠʝʤ ʩʠʩʪʝʤʳ Pt-Bi ʥʘʯʘʣʠ ʟʘʥʠʤʘʪʴʩʷ ʝʱʝ ʚ ʢʦʥʮʝ XIX  ʚʝʢʘ: ʚ 1892 ʛʦʜʫ ʚ 

Journal of the Chemical Society ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ Heycock and Nevill (1892), 

ʧʦʩʚʷʱʝʥʥʘʷ ʢʨʠʦʩʢʦʧʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʧʣʘʚʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ (ʚ ʪʦʤ 

ʯʠʩʣʝ Pt) ʩ Cd, Bi ʠ Sn. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ Pt-Bi, ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 1957 ʛʦʜʫ ʚ ʨʘʙʦʪʝ 

Zhuravlev and Kertes (1957). ʇʦʩʪʨʦʝʥʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʬʘʟʦʚʳʝ 

ʦʪʥʦʰʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʙʠʥʘʨʥʳʭ ʬʘʟ ï PtBi ʠ PtBi2. ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ 

(Biswas and Schubert, 1969; Bhatt and Schubert, 1980; Bhatt and Schubert, 1980a; ɾʫʨʘʚʣʝʚ 

ʠ ʜʨ., 1962) ʠʟʫʯʘʣʠʩʴ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʫʞʝ ʪʨʝʭ ʙʠʥʘʨʥʳʭ ʬʘʟ: ʜʚʫʭ 

ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ï PtBi ʠ PtBi2 ʠ ʦʜʥʦʡ ʥʦʚʦʡ ʬʘʟʳ (ʚʦʟʤʦʞʥʦ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ) ï 

Pt2Bi3. 

ɺ 1991 ʛʦʜʫ ʆʢʘʤʦʪʦ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ (Okamoto, 1991) ʦʙʲʝʜʠʥʠʣ ʠʟʚʝʩʪʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʬʘʟʦʚʳʤ ʦʪʥʦʰʝʥʠʷʤ ʚ ʩʠʩʪʝʤʝ Pt-Bi ʠ ʧʦʩʪʨʦʠʣ ʬʘʟʦʚʫʶ ʜʠʘʛʨʘʤʤʫ (ʨʠʩ. 

1), ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

 

 
ʈʠʩʫʥʦʢ 1. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Bi-Pt ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 0-1800

o
C 

(Okamoto, 1991). 

 

ʉʦʛʣʘʩʥʦ Okamoto (1991), ʚ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʫʪʁ ʪʨʠ ʬʘʟʳ: PtBi, PtBi2 ʠ Pt2Bi3. 

ʌʘʟʘ PtBi ʧʣʘʚʠʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ ʧʨʠ 765Áʉ ʠ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʬʘʟʦʡ ʧʝʨʝʤʝʥʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ (Biswas and Schubert, 1969; Okamoto, 1991). ʌʘʟʘ PtBi2 ʩʫʱʝʩʪʚʫʝʪ ʚ ʯʝʪʳʨʝʭ 

ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ: ŬPtBi2, ɓPtBi2, ɔPtBi2 ʠ ŭPtBi2, ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʧʦ 

ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʌʘʟʘ Pt2Bi3 ʩʫʱʝʩʪʚʫʝʪ ʚ ʫʟʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 
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(685-570Áʉ) (ɾʫʨʘʚʣʝʚ ʠ ʜʨ., 1962) ʠ ʦʙʣʘʜʘʝʪ ʟʦʥʦʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ~4 ʘʪ.% ʧʦ ʜʘʥʥʳʤ 

ɾʫʨʘʚʣʝʚʘ ʠ ʜʨ. (1962) ʠʣʠ ~1ʘʪ.%, ʧʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ Biswas ʠ Schubert (1969). 

ʌʘʟʦʚʳʝ ʨʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʝ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 ʠ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʝ Bi-Pt, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ (Okamoto, 1991) 

ʋʨʘʚʥʝʥʠʝ 

ʨʝʘʢʮʠʠ 

ʉʦʩʪʘʚ ʬʘʟ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ), ʘʪ.% 

Pt 
ʊʝʤʧʝʨʘʪʫʨʘ, ÁC ʊʠʧ ʨʝʘʢʮʠʠ 

1 2 3 

L ź (Bi) + ŬPtBi2 0.9 0 33.(3) 269 ʕʚʪʝʢʪʠʢʘ 

L + Pt2Bi3 ź ŭPtBi2 ~31 40 33.(3) 660 ʇʝʨʠʪʝʢʪʠʢʘ 

ŭPtBi2 ź ɔPtBi2 33.(3) 33.(3) - 640 
ʇʦʣʠʤʦʨʬʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ 

ɔPtBi2 ź ɓPtBi2 33.(3) 33.(3) - 420 
ʇʦʣʠʤʦʨʬʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ 

ɓPtBi2 ź ŬPtBi2 33.(3) 33.(3) - >272 
ʇʦʣʠʤʦʨʬʥʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ 

L + BiPt ź Pt2Bi3 ~37 50 40 685 ʇʝʨʠʪʝʢʪʠʢʘ 

Pt2Bi3 ź ɔPtBi2 + 

BiPt 
40 33.(3) 50 570 ʕʚʪʝʢʪʦʠʜ 

L ź BiPt 50 50 - 765 
ʂʦʥʛʨʫʵʥʪʥʦʝ 

ʧʣʘʚʣʝʥʠʝ 

L ź BiPt + (Pt) 57 50 100 730 ʕʚʪʝʢʪʠʢʘ 

 

ʊʘʙʣʠʮʘ 2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʠʥʘʨʥʳʭ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Bi-Pt 

ʌʘʟʘ 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

ʉʠʤʚʦʣ 

ʇʠʨʩʦʥʘ 

ʉʪʨʫʢʪʫʨʥʳʡ 

ʪʠʧ 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ, ¡ 
ʀʩʪʦʯʥʠʢ 

a b c 

PtBi P63/mmc hP4 NiAs 4.3001(2) a 5.5161(4) Ellner, 2004 

ŭPtBi2 Pnnm oP6 FeS2 - - - 

Bhatt and 

Schubert, 

1980 

ɔPtBi2 P31m hP9 PtBi2 6.5730(7) a 6.1665(7) 
Kaiser et 

al., 2014 

ɓPtBi2 Pa  cP12 FeS2 6.7014(8) a a 

Brese and 

Von 

Schnering, 

1994 

ŬPtBi2 Pbca oP24 AuSn2 6.732(2) 6.794(2) 13.346(2) 

Bhatt and 

Schubert, 

1980a 

Pt2Bi3 P63/mmc hP4 NiAs 4.13 a 5.58 
Schubert et 

al., 1968 
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1.1.2 ʉʠʩʪʝʤʘ Pt-Te 

ɺʧʝʨʚʳʝ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-Te ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʝ Gimpl et al. 

(1963) ʚ 1963 ʛʦʜʫ. ʇʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʜʚʫʭ ʙʠʥʘʨʥʳʭ ʬʘʟ ï PtTe ʠ PtTe2. 

ʉʠʩʪʝʤʘ Pt-Te ʠʟʫʯʘʣʘʩʴ ʠ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʛʦʜʳ (Bhan et at., 1969; ʈʳʙʢʠʥ ʠ ʜʨ., 

1984; ʈʳʙʢʠʥ ʠ ʂʨʘʧʠʚʢʦ, 1992; Kim, 1996; Guo et al., 2015). ɺ ʨʘʙʦʪʝ Bhan et al. (1969) 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʫʶʪ ʥʝ ʜʚʝ ʙʠʥʘʨʥʳʝ ʬʘʟʳ, ʢʘʢ ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ, ʘ 

ʯʝʪʳʨʝ: ʪʨʠ ʬʘʟʳ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ ï PtTe, PtTe2 ʠ Pt2Te3 ʠ ʦʜʥʘ ʧʝʨʝʤʝʥʥʦʛʦ ï 

Pt3Te4, ʰʠʨʠʥʘ ʟʦʥʳ ʛʦʤʦʛʝʥʥʦʩʪʠ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 2 ʘʪ.%. ɺ ʨʘʙʦʪʝ ʈʳʙʢʠʥʘ ʠ ʜʨ. 

(1984) ʙʳʣʠ ʥʘʡʜʝʥʳ ʝʱʝ ʜʚʝ ʙʠʥʘʨʥʳʝ ʬʘʟʳ ï Pt5Te4 ʠ Pt4Te5, ʦʜʥʘʢʦ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʝ ʙʳʣʦ. ʈʳʙʢʠʥ ʠ ʂʨʘʧʠʚʢʦ (1992) ʫʪʦʯʥʷʣʠ ʬʘʟʦʚʫ  ʁ

ʜʠʘʛʨʘʤʤʫ Pt-Te ʚ ʦʙʣʘʩʪʠ 28.0 ï 66.7 ʘʪ.% Te. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʪʦʡ ʨʘʙʦʪʳ, ʚ ʩʠʩʪʝʤʝ 

ʩʫʱʝʩʪʚʫʶʪ, ʢʘʢ ʠ ʧʦ ʜʘʥʥʳʤ Bhan et at. (1969), ʯʝʪʳʨʝ ʙʠʥʘʨʥʳʝ ʬʘʟʳ ï PtTe, PtTe2, 

Pt2Te3 ʠ Pt3Te4, ʥʦ ʧʨʠ ʵʪʦʤ ʚʩʝ ʬʘʟʳ, ʚʢʣʶʯʘʷ Pt3Te4, ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʳʡ ʩʦʩʪʘʚ 

[ʧʦʩʪʦʷʥʩʪʚʦ ʩʦʩʪʘʚʘ ʚʩʝʭ ʬʘʟ ʪʘʢʞʝ ʦʪʨʘʞʘʝʪʩʷ ʚ ʨʘʙʦʪʝ Kim (1996) ʠ Guo et al. (2015)]. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠʥʚʘʨʠʘʥʪʥʳʭ ʨʝʘʢʮʠʡ ʩʠʩʪʝʤʳ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʜʘʥʥʳʭ ʨʘʙʦʪʳ Bhan ʠ ʜʨ. (1969) (ʪʘʙʣ. 3).  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʠʟʫʯʘʣʠʩʴ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʩʪʨʦʠʣʘʩʴ ʧʫʪʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ. 

 

ʊʘʙʣʠʮʘ 3. ʈʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʝ Pt-Te, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʳʤ Bhan et at., (1969), ʈʳʙʢʠʥ ʠ ʂʨʘʧʠʚʢʦ (1992), Kim (1996) ʠ Guo (2015) 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 

ʉʦʩʪʘʚ ʬʘʟ 

(ʩʣʝʚʘ ʥʘʧʨʘʚʦ), 

ʘʪ.% Te 

ʊ, Áʉ 

ʊʠʧ ʨʝʘʢʮʠʠ 

1 2 3 
Bhan et al., 

1969 

ʈʳʙʢʠʥ ʠ 

ʂʨʘʧʠʚʢʦ, 

1992 

Kim , 1996 
Guo, 

2015 

Lź(Pt)+PtTe ~37 ~3 50 870 897 870 ~873 ʕʚʪʝʢʪʠʢʘ 

L+ Pt3Te4ź PtTe ~46 57 50 935 957 935 935 ʇʝʨʠʪʝʢʪʠʢʘ 

L+ PtTe2ź Pt3Te4 ~50 67 57 985 1017 >1000 1017 ʇʝʨʠʪʝʢʪʠʢʘ 

Pt3Te4+ PtTe2ź Pt2Te3 57 67 60 875 737 650-700 (?) 680.9 ʇʝʨʠʪʝʢʪʦʠʜ 

Lź PtTe2 67 67 - 1150 1147 1150 - 
ʂʦʥʛʨʫʵʥʪʥʦʝ 

ʧʣʘʚʣʝʥʠʝ 
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ɺ 1994 ʚʳʰʣʘ ʩʪʘʪʴʷ ʆʢʘʤʦʪʦ (Okamoto, 1994), ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ 

ʜʘʥʥʳʝ ʨʘʙʦʪ Bhan et al. (1969) ʠ ʈʳʙʢʠʥʘ ʠ ʂʨʘʧʠʚʢʦ (1992) ʠ ʧʦʩʪʨʦʝʥʘ ʥʦʚʘʷ, 

ʦʙʦʙʱʝʥʥʘʷ, ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Pt-Te (ʨʠʩ. 2). ɺ ʩʪʘʪʴʝ Okamoto (Okamoto, 

1994) ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠʥʚʘʨʠʘʥʪʥʳʭ ʨʝʘʢʮʠʡ ʠ ʜʘʥʥʳʝ ʧʦ ʬʘʟʝ Pt3Te4 ʙʳʣʠ 

ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ ʈʳʙʢʠʥʘ ʠ ʂʨʘʧʠʚʢʦ (1992), ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʙʦʣʝʝ ʯʠʩʪʳʝ ʠʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ (99.999 ʤʘʩ.% Pt, 99.998 ʤʘʩ.% Te) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʝ Bhan et at. (1969) (99.9 ʤʘʩ.% Pt ʠ 99.7 

ʤʘʩ.% Te). 

 
ʈʠʩʫʥʦʢ 2. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Pt-Te ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 400-1300ÁC 

(Okamoto, 1994). 

 

ɼʘʥʥʳʝ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʙʦʪ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ Kim (1996) ʠ 

ʨʘʙʦʪʳ ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ Guo et al. (2015) ï ʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʙʦʪʦʡ ʈʳʙʢʠʥʘ ʠ ʂʨʘʧʠʚʢʦ (1992) ʢʘʢ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʬʘʟ, ʪʘʢ 

ʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠʥʚʘʨʠʘʥʪʥʳʭ ʨʝʘʢʮʠʡ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʠʥʚʘʨʠʘʥʪʥʳʭ 

ʨʝʘʢʮʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ï ʚ ʪʘʙʣ. 4. 
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ʊʘʙʣʠʮʘ 4. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʠʥʘʨʥʳʭ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Pt-Te 

ʌʘʟʘ 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘ

ʷ ʛʨʫʧʧʘ 

ʉʠʤʚʦʣ 

ʇʠʨʩʦʥʘ 

ʉʪʨʫʢʪʫʨʥʳʡ 

ʪʠʧ 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ, ¡ 

ʀʩʪʦʯʥʠʢ 

a b c 

PtTe R m hR12 ZrCl 3.963 a 19.98 
Cenzual et al., 

1990 

PtTe2 P m1 hP3 CdI2 4.0259 a 5.2209 
Grßnvold et al., 

1960 

Pt2Te3 R m hR30 Pt2Te3 4.003 a 50.890 
Cenzual et al., 

1990 

Pt3Te4 R m hR21 Pt3Te4 3.988 a 35.39 
Cenzual et al., 

1990 

 

ɺʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Pt ʠ Te ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦʩʪʦʚʝʨʥʦ 

ʥʝʠʟʚʝʩʪʥʘ. ʇʦ ʜʘʥʥʳʤ Bhan et at. (1969) ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʝʥʠʷ 

Te ʚ Pt  ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 1 ʘʪ.% ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 770Áʉ, ʚ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʝʥʠʷ 

Pt ʚ Te ï ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ ʙʦʣʝʝ 5 ʘʪ.%; ʧʦ ʜʘʥʥʳʤ Kim (1996), Guo et al. (2015), 

ʃʷʢʠʰʝʚ (2000) ʠ Massalski et al. (1986) ï ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0.5 ʘʪ.% ʧʨʠ 

1000Áʉ. 

 

1.1.3 ʉʠʩʪʝʤʘ Bi-Te 

 

ʉʠʩʪʝʤʫ Bi-Te ʥʘʯʘʣʠ ʠʟʫʯʘʪʴ ʝʱʝ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʨʘʙʦʪ ʙʳʣʠ ʦʙʲʝʜʠʥʝʥʳ Hansen and Anderko ʚ ʩʧʨʘʚʦʯʥʠʢʝ çConstitution of binary alloysè 

1958 ʛʦʜʘ ʠʟʜʘʥʠʷ (Hansen and Anderko, 1958) ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ ʚ ʩʠʩʪʝʤʝ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ʙʠʥʘʨʥʘʷ ʬʘʟʘ Bi2Te3, ʦʙʣʘʜʘʶʱʘʷ ʰʠʨʦʢʦʡ 

ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ ʩ ʥʝʫʪʦʯʥʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ (ʦʪ 48-52 ʜʦ 65-67 ʘʪ.% Te) ʠ 

ʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʘʷʩʷ ʧʨʠ 585Áʉ. ʇʦʟʞʝ, ʚ 1962 ʛ., Brown and Lewis (1962) ʥʘʟʚʘʣʠ 

ʜʘʥʥʫʶ ʬʘʟʫ ɓ-ʬʘʟʦʡ, ʨʘʩʰʠʨʠʣʠ ʝʝ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ (ʦʪ ~32 ʜʦ 60 ʘʪ.% Te) ʠ 

ʚʢʣʶʯʠʣʠ ʚ ʥʝʝ ʭʝʜʣʝʠʪ (Bi7Te3), ʮʫʤʦʠʪ (BiTe) ʠ ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ (Bi2Te3). 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ ʣʠʰʴ ʦʜʥʦʡ ɓ-ʬʘʟʳ ʩ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ 

ʦʧʨʦʚʝʨʛʣʠ ɸʙʨʠʢʦʩʦʚ ʠ ɹʘʥʢʠʥʘ (1958) ʠ Glatz (1965). Glatz (1965), ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ 

ʤʝʪʘʣʣʦʛʨʘʬʠʠ, ɼʊɸ ʠ ʈʌɸ, ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ɓ-ʬʘʟʘ 

ʩʦʩʪʦʠʪ ʢʘʢ ʤʠʥʠʤʫʤ ʠʟ ʜʚʫʭ ʬʘʟ: ʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʝʡʩʷ ʬʘʟ r Bi2Te3 (ɔ-ʬʘʟʘ ʩ 

ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ ʦʪ 59.6 ʜʦ 60.5 ʘʪ.% Te) ʠ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ɓ-ʬʘʟr (ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ 562Áʉ, ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʦʪ ~45 ʜʦ 58.75 

ʘʪ.% Te), ʨʘʟʜʝʣʝʥʥʳʭ ʜʚʫʭʬʘʟʥʦʡ ʦʙʣʘʩʪʴʶ ʠ, ʚʝʨʦʷʪʥʦ, ʝʱʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 5-50 ʘʪ.% Te. 
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ɼʘʥʥʳʝ ʨʘʙʦʪʳ Glatz (1965) ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩʦʛʣʘʩʦʚʳʚʘʣʠʩʴ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ɸʙʨʠʢʦʩʦʚʳʤ ʠ ɹʘʥʢʠʥʦʡ, ʢʦʪʦʨʳʝ ʦʙʥʘʨʫʞʠʣʠ ʧʦʤʠʤʦ ʦʙʱʝʧʨʠʥʷʪʦʡ 

ʬʘʟʳ Bi2Te3, ʧʣʘʚʷʱʝʡʩʷ ʢʦʥʛʨʫʵʥʪʥʦ ʧʨʠ 591Áʉ (ɸʙʨʠʢʦʩʦʚ ʠ ɹʘʥʢʠʥʘ, 1958), ʪʨʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟʳ ï BiTe, Bi2Te ʠ Bi7Te3, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ 

ʨʝʘʢʮʠʷʤ ʧʨʠ 540, 420 ʠ 312Áʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʬʘʟʳ BiTe ʠ Bi2Te ʠʤʝʶʪ 

ʧʝʨʝʤʝʥʥʳʡ ʩʦʩʪʘʚ: ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ 45.6-54.7 ʠ 32.2-36.0 ʘʪ.% Te, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʨʠʩ. 3, ʪʘʙʣ. 5). 

 

 
ʈʠʩʫʥʦʢ 3. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Bi-Te ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 400-1000K (127-

727
o
C) ʧʦ ʜʘʥʥʳʤ ɸʙʨʠʢʦʩʦʚʘ ʠ ɹʘʥʢʠʥʦʡ (1958) (Predel, 1992). 

 

ʊʘʙʣʠʮʘ 5. ʈʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʝ Bi-Te (ʨʠʩ. 3), ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʳʤ ɸʙʨʠʢʦʩʦʚʘ ʠ ɹʘʥʢʠʥʦʡ (1958) 

ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 

ʉʦʩʪʘʚ ʬʘʟ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ), ʘʪ.% 

Te 
ʊʝʤʧʝʨʘʪʫʨʘ, ÁC  ʊʠʧ ʨʝʘʢʮʠʠ 

1 2 3 

L ź (Bi) + Bi14Te6 ~11 0 30 266 ʕʚʪʝʢʪʠʢʘ 

L + Bi2Te ź Bi14Te6 ~5.5 33.(3) 30 312 ʇʝʨʠʪʝʢʪʠʢʘ 

L + BiTe ź Bi2Te ~20 50 33.(3) 420 ʇʝʨʠʪʝʢʪʠʢʘ 

L + Bi2Te3 ź BiTe ~44 60 50 540 ʇʝʨʠʪʝʢʪʠʢʘ 

L ź (Te) + Bi2Te3 ~90.5 100 60 412 ʇʝʨʠʪʝʢʪʠʢʘ 

L ź Bi2Te3 60 60 - 591 
ʂʦʥʛʨʫʵʥʪʥʦʝ 

ʧʣʘʚʣʝʥʠʝ 
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ʇʦʟʞʝ, ʚ ʨʷʜʝ ʨʘʙʦʪ (Stasova 1967; Brebrick 1968; Brebrick 1969) ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ ʥʘʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʩʣʦʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʣʦʢʦʚ Bi2 ʠ Bi2Te3 ʩ ʧʝʨʝʤʝʥʥʳʤ ʩʦʩʪʘʚʦʤ (ʚʩʣʝʜʩʪʚʠʝ 

ʦʙʤʝʥʘ Bi ʠ Te ʤʝʞʜʫ ʙʣʦʢʘʤʠ) c ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ (Bi2)m(Bi2Te3)n. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦ 

ʜʘʥʥʳʤ Brebrick (1969) ʧʦʣʝ ʩʦʣʠʜʫʩʘ, ʦʙʥʘʨʫʞʝʥʥʦʝ ɸʙʨʠʢʦʩʦʚʳʤ ʠ ɹʘʥʢʠʥʦʡ (1958) ʠ 

Glatz (1965), ʚ ʠʥʪʝʨʚʘʣʝ 50-57 ʘʪ.% Te, ʩʦʩʪʦʠʪ ʢʘʢ ʤʠʥʠʤʫʤ ʠʟ ʪʨʝʭ ʪʘʢʠʭ ʬʘʟ. 

ɺ 1990 ʛʦʜʫ ʚ ʨʘʙʦʪʝ Okamoto and Tanner (1990) ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʘʟʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ Bi-Te (ʨʠʩ. 4), ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʜʘʥʥʳʭ ʧʦ 

ʬʘʟʘʤ (ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ ʧʦ ʛʦʤʦʣʦʛʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ) ʠ ʬʘʟʦʚʳʤ ʦʪʥʦʰʝʥʠʷʤ. 

ʀʟʚʝʩʪʥʳʝ ʬʘʟʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ, ʘ ʪʝ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʪʦʣʴʢʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ï ʧʫʥʢʪʠʨʥʳʤʠ. ɺʩʝʛʦ ʥʘ ʜʠʘʛʨʘʤʤʝ ʙʳʣʦ ʦʪʦʙʨʘʞʝʥʦ 7 

ʫʪʚʝʨʞʜʝʥʥʳʭ ʙʠʥʘʨʥʳʭ ʬʘʟ ʠ 9 ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ. 

 

 
ʈʠʩʫʥʦʢ 4. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Bi-Te ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 0-650

ʦ
ʉ ʧʦ ʜʘʥʥʳʤ 

Okamoto and Tanner (1990) (Babanly et al., 2017). 

 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʩʣʦʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʨʠʩ. 4) ʙʳʣʦ ʧʦʜʜʝʨʞʘʥʦ ʚ ʨʘʙʦʪʝ Shelimova et al. (2000), ʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʨʘʙʦʪ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ ʬʘʟ (Bos et al. 2007; Bos et 

al. 2012; Kifune et al. 2015; Kifune et al. 2019). ʅʘʧʨʠʤʝʨ, Kifune et al. ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ 
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(Kifune et al., 2015; Kifune et al., 2019) ʤʝʪʦʜʦʤ ʈʌɸ (ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ï ʩʠʥʭʨʦʪʨʦʥ) 

ʠʩʩʣʝʜʦʚʘʣʠ ʛʨʘʥʠʮʳ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ (ʠʤʝʥʫʝʤʦʛʦ X-ʬʘʟʦʡ) ʠ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ 

ʵʪʠ ʛʨʘʥʠʮʳ ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ Bi8Te3 ʠ Bi4Te5, ʘ ʪʘʢʞʝ ʚʳʩʢʘʟʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟ: Bi3Te4 ʠ Bi13Te18 ʤʝʞʜʫ X-ʬʘʟʦʡ ʠ Bi2Te3. 

    
ʈʠʩʫʥʦʢ 5 (ʩʣʝʚʘ). ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ Bi2Te3 (Noh et al., 2008). 

ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘʪʠʯʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʚʝʩʪʥʳʭ ʯʣʝʥʦʚ ʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ 

(Bi2)m(Bi2Te3)n ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ Bos et al. (2012). ɿʝʣʝʥʳʤ ʚʳʜʝʣʝʥʳ ʙʣʦʢʠ Bi2Te3, ʙʝʣʳʤ ï 

ʜʚʦʡʥʳʝ ʩʣʦʠ Bi. ʕʣʝʤʝʥʪʘʨʥʳʝ ʷʯʝʡʢʠ ʚʳʜʝʣʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ. ʭ ï 

ʩʦʜʝʨʞʘʥʠʝ Bi (ʘʪ.%) ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ (BixTe1-x). 

 

ɺ ʨʘʙʦʪʝ Hasanova et al. (2021) ʠʟʫʯʘʣʘʩʴ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ Bi-Te ʤʝʪʦʜʘʤʠ 

ʉʕʄ, ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ɼʊɸ ʠ ʕɼʉ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ (ʨʠʩ. 7), ʚʢʣʶʯʘʶʱʘʷ 

ʚ ʩʝʙʷ ʩʝʤʴ ʙʠʥʘʨʥʳʭ ʩʪʨʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ ʬʘʟ: Bi7Te3, Bi2Te, Bi4Te3, BiTe, Bi8Te9, 

Bi4Te5, Bi2Te3. ʌʘʟ rʦʪ Bi7Te3 ʠ ʜʦ Bi4Te5 ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ 

(Bi7Te3 ʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʧʦ ɻʚʪʝʢʪʠʢʝ, ʪʘʢ ʠ ʧʦ ʧʝʨʠʪʝʢʪʠʢʝ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣ. 6. 
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ʈʠʩʫʥʦʢ 7. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Bi-Te ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ Hasanova et al. (2021). 

 

ʊʘʙʣʠʮʘ 6. ʈʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʝ Bi-Te (ʨʠʩ. 7), ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʳʤ Hasanova et al. (2021) 

ʊʦʯʢʘ ʥʘ 

ʨʠʩ. 7 
ʋʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ 

ʉʦʩʪʘʚ ʬʘʟ (ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ), ʘʪ.% Te 
ʊ, ÁC (K) ʊʠʧ ʨʝʘʢʮʠʠ 

1 2 3 

p1 L + Bi2Te3 ź Bi4Te5 52 60 55.(5) 562 (835) ʇʝʨʠʪʝʢʪʠʢʘ 

p2 L + Bi4Te5 ź Bi8Te9 50 55.(5) 52.94 550 (823) ʇʝʨʠʪʝʢʪʠʢʘ 

p3 L + Bi8Te9 ź BiTe 45 52.94 50 542 (815) ʇʝʨʠʪʝʢʪʠʢʘ 

p4 L + BiTe ź Bi4Te3 23 50 42.86 435 (708) ʇʝʨʠʪʝʢʪʠʢʘ 

p5 L + Bi4Te3 ź Bi2Te 16 42.86 33.(3) 392 (665) ʇʝʨʠʪʝʢʪʠʢʘ 

p6 L + Bi2Te ź Bi7Te3 10 33.(3) 30 332 (605) ʇʝʨʠʪʝʢʪʠʢʘ 

E L ź Bi + Bi7Te3 2.5 0 30 264 (537) ʕʚʪʝʢʪʠʢʘ 

 

ʅʘʨʷʜʫ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʠʩʪʝʤʳ 

Bi-Te ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢ, ʚ ʨʘʙʦʪʝ Mao 

et al. (2018), ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʩʠʩʪʝʤʳ Bi-Te ʠ ʧʦʩʪʨʦʝʥ 

ʝʱʝ ʦʜʠʥ ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʩʠʩʪʝʤʳ Bi-Te ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CALPHAD (CALculation of PHAse Diagrams) ʤʝʪʦʜʘ. 
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ʀʪʦʛʦʚʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 8, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ɓ-ʬʘʟʫ ʩ 

ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʦʪ 27 ʜʦ 53 ʘʪ.% Te ʧʨʠ 220Áʉ), 

ʬʘʟʫ Bi2Te3 ʠ ʜʚʝ ʬʘʟʳ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ Bi2Te ʠ Bi4Te3, ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 312-343 ʠ 420-440Áʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ ʜʘʥʥʳʝ ʙʳʣʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʠ ʫʪʦʯʥʝʥʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ Bi2Te3) ʚ ʨʘʙʦʪʝ Gierlotka 

(2018), ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ CALPHAD ʧʦʜʭʦʜ (ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʘʢʝʪ ThermoCalc) ʠ ʚ ʨʘʙʦʪʝ Kumar et al. (2021) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

FactSage. 

 

 
ʈʠʩʫʥʦʢ 8. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Bi-Te ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ Mao et al. (2018). 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʬʘʟʘʤ ʠ ʬʘʟʦʚʳʤ 

ʦʪʥʦʰʝʥʠʷʤ ʚ ʩʠʩʪʝʤʝ Bi-Te, ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʡ 

ʩʠʩʪʝʤʳ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʦʡ ʦʙʱʝʧʨʠʥʷʪʦʡ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʮʝʣʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘ ʦʩʥʦʚʫ ʙʳʣʘ ʚʟʷʪʘ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Okamoto 

and Tanner (1990) ʢʘʢ ʥʘʠʙʦʣʝʝ ʢʦʤʧʨʦʤʠʩʩʥʳʡ ʚʘʨʠʘʥʪ. ʀʟʚʝʩʪʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʬʘʟ, ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ Bi-Te, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 7. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ Bi ʚ ʪʚʝʨʜʦʤ Te ʩʦʩʪʘʚʣʷʝʪ 0.005 ʘʪ.%, ʨʘʩʪʚʦʨʠʤʦʩʪʴ Te ʚ 

ʪʚʝʨʜʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ Bi ~0.25 ʘʪ.% Te (Predel 1992). 
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ʊʘʙʣʠʮʘ 7. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʠʥʘʨʥʳʭ ʬʘʟ ʩʠʩʪʝʤ rBi-Te 

ʌʘʟʘ 
ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ 

ʉʠʤʚʦʣ 

ʇʠʨʩʦʥʘ 

ʉʪʨʫʢʪʫʨʥʳʡ 

ʪʠʧ 

ʇʘʨʘʤʝʪʨ rʷʯʝʡʢʠ, ¡ 

ʀʩʪʦʯʥʠʢ 

a b c 

Bi2Te P m1 hP9 Sb2Te 4.4688(1) a 17.9216(4) 
(Bos et al., 

2012) 

Bi4Te3 R mh hR21 Bi4Se3 4.451(1) a 41.888(5) 
(Yamana et 

al., 1979) 

BiTe P m1 hP12 BiSe 4.422(2) a 24.05(2) 

(Shimazaki 

and Ozawa, 

1978  

Bi8Te9 R mh hR51 Bi8Se9 4.41 a 103 
(Feutelais 

et al., 1993) 

Bi6Te7 - hé - 4.4214(4) a 78.195(12) 
(Brekbrick, 

1968) 

Bi4Te5 - hPé - 4.4106(2) a 54.330(3) 
(Brekbrick, 

1968) 

Bi2Te3 R mh hR15 Bi2Te3 4.395(3) a 30.44(1) 
(Feutelais 

et al., 1993) 

 

1.1.4 ʉʠʩʪʝʤʘ Pt-Bi-Te 

ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʝ ʠʟʫʯʝʥʳ 

(Vymazalov§ and Chareev, 2018). ʀʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʤʠʥʝʨʘʣʘ 

ʤʘʩʣʦʚʠʪʘ PtBiTe (ʠʥʬʦʨʤʘʮʠʶ ʩʤ. ʚ ʨʘʟʜʝʣʝ 1.2), ʦ ʬʘʟʘʭ ʠ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʷʭ ʚ 

ʙʠʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ Pt-Te, Pt-Bi ʠ Bi-Te (ʩʤ. ʨʘʟʜʝʣʳ 1.1.1, 1.1.2 ʠ 1.1.3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); 

ʠʟʚʝʩʪʥʳ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʛʝʥʝʟʠʩʳ ʧʨʠʨʦʜʥʳʭ (Pt, Pd, Ni)-ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ Pt, ʥʘʨʷʜʫ ʩ Pd, ʦʙʳʯʥʦ ʦʙʨʘʟʫʝʪ ʜʠʩʢʨʝʪʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʩ 

As, Sb, Te ʠ Bi ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

(Cawthorn et al. 2002, Barkov et al. 2002, Godel et al. 2007, Holwell and McDonald 2007; 

McDonald 2008; Spiridonov et al. 2015, Helmy and Botcharnikov 2020), ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʠʭ 

ʚʭʦʞʜʝʥʠʝ ʚ ʩʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ (Gervilla et al. 1998, Hutchinson and McDonald 2008, 

Helmy and Botcharnikov 2020). 

Harney ʠ Merkle (1990) ʦʙʲʝʜʠʥʠʣʠ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʩʪʘʚʘʤ ʧʨʠʨʦʜʥʳʭ 

ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʦʚ Pt ʠ ʚʳʜʝʣʠʣʠ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʤʠʥʝʨʘʣʘʤ ʤʦʥʯʝʠʪ 

ʠ ʠʥʩʠʟʚʘʠʪ (ʨʠʩ. 9). ʇʦʩʢʦʣʴʢʫ ʩʦʩʪʘʚʳ ʬʦʨʤʠʨʫʶʪ ʣʠʥʠʶ ʤʦʥʯʝʠʪ-ʠʥʩʠʟʚʘʠʪ (PtTe2-

PtBi2), ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʤʝʞʜʫ ʵʪʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʥʯʝʠʪ ʠ ʠʥʩʠʟʚʘʠʪ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʨʘʟʥʳʭ 
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ʩʠʥʛʦʥʠʷʭ (ʤʦʥʯʝʠʪ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ, ʘ ʠʥʩʠʟʚʘʠʪ ʚ ʢʫʙʠʯʝʩʢʦʡ), ʧʦʵʪʦʤʫ ʪʝʨʤʠʥ 

çʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨè ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʚʪʦʨʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʝʢʦʨʨʝʢʪʥʦ. ɸʚʪʦʨʳ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʣʠ ʚʚʠʜʫ, ʯʪʦ ʠʥʩʠʟʚʘʠʪ ʠ ʤʦʥʯʝʠʪ ʬʦʨʤʠʨʫʶʪ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ï 

Pt(Bi,Te)2 ʠ Pt(Te,Bi)2, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʧʦʜʦʙʥʘ ʠʭ ʙʝʩʧʨʠʤʝʩʥʳʤ ʘʥʘʣʦʛʘʤ. 

 

ʈʠʩʫʥʦʢ 9. ʊʨʝʫʛʦʣʴʥʠʢ ɻʠʙʙʩʘ-ʈʦʟʝʙʦʤʘ ʜʣʷ ʩʠʩʪʝʤʳ Pt(+Pd+Fe+Ni+Cu)-Bi(+Sb)-Te ʩ 

ʥʘʥʝʩʝʥʥʳʤʠ ʪʦʯʢʘʤʠ ʩʦʩʪʘʚʦʚ ʧʨʠʨʦʜʥʳʭ ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʦʚ Pt ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ (ʟʘʣʠʪʳʝ ʢʨʫʛʠ) ʜʘʥʥʳʤ (Harney and Merkle, 1990). 

 

ɺ ʨʘʙʦʪʝ Vil joen et al. (2015) ʘʚʪʦʨʳ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʩʦʢʠʝ ʦʪʥʦʰʝʥʠʷ 

Te/Bi ʠ ʪʝʥʜʝʥʮʠ ʁʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʦʪ ʤʦʥʯʝʠʪʘ PtTe2 ʢ ʤʘʩʣʦʚʠʪʫ 

PtBiTe (ʨʠʩ. 10). ʇʦʩʢʦʣʴʢʫ ʤʦʥʯʝʠʪ PtTe2 ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ, 

ʘ ʤʘʩʣʦʚʠʪ PtBiTe ï ʚ ʢʫʙʠʯʝʩʢʦʡ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʪʨʫʢʪʫʨʘ 

ʤʘʩʣʦʚʠʪʘ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʨʘʩʰʠʬʨʦʚʘʥʘ, ʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʤʝʞʜʫ 

ʜʚʫʤʷ ʵʪʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʩʦʤʥʠʪʝʣʴʥʦ. 

Helmy et al. (2007) ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʰʠʨʥʫʶ ʩʤʝʩʠʤʦʩʪʴ ʚ ʨʷʜʫ Pt(Te,Bi)2-

Ni(Te,Bi)2-Pd(Te,Bi)2 ʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʟʘʠʤʥʳʤ ʟʘʤʝʱʝʥʠʝʤ 

ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʨʷʜʫ ʤʝʨʝʥʩʢʠʪ PdTe2 - ʤʦʥʯʝʠʪ PtTe2 (Cabri and Laflamme, 1976, 

Zhu et al., 2010) ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʤʝʩʠʤʦʩʪʴ, ʚ ʨʷʜʫ ʚʠʩʤʫʪʩʦʜʝʨʞʘʱʠʭ 

ʤʦʥʯʝʠʪʘ PtTe2 - ʤʝʣʦʥʠʪʘ NiTe2 (Hudson, 1986) ï ʦʛʨʘʥʠʯʝʥʥʘʷ. 
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ʈʠʩʫʥʦʢ 10. ʊʨʝʫʛʦʣʴʥʠʢ ɻʠʙʙʩʘ-ʈʦʟʝʙʦʤʘ ʜʣʷ ʩʠʩʪʝʤʳ Pt-Bi-Te ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʪʦʯʢʘʤʠ 

ʩʦʩʪʘʚʦʚ ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʦʚ Pt, (ʇʣʘʪʨʠʬ, ɹʫʰʚʝʣʜʩʢʠʡ ʢʦʤʧʣʝʢʩ) (Viljoen et al. 2015). 

 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ Kim (1999) ʠʟʫʯʘʣʠʩʴ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 

Pt-Sb-Te ʧʨʠ 800Áʉ (ʨʠʩ. 11). ʅʘ ʧʦʩʪʨʦʝʥʥʦʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʩʝʯʝʥʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ Sb ʚ ʪʝʣʣʫʨʠʜʘʭ Pt ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʤʦʥʦʪʝʣʣʫʨʠʜʘ Pt ʢ ʜʠʪʝʣʣʫʨʠʜʫ Pt. 

ʇʦʜʦʙʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʩɹʷ ʠ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te. 

 
ʈʠʩʫʥʦʢ 11. ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ Pt-Sb-Te ʧʨʠ 800Áʉ (Kim, 

1999). 
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1.2 ʄʠʥʝʨʘʣʴʥʳʝ ʘʥʘʣʦʛʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ Pt-Bi, Pt-Te, Bi-Te  

ʠ Pt-Bi-Te 

 

ʋʪʚʝʨʞʜʝʥʥʳʝ ʤʠʥʝʨʘʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʫ Pt-Bi-Te, ʥʘʨʷʜʫ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ 

ʬʘʟʘʤʠ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 12. ɺʩʝʛʦ ʫʪʚʝʨʞʜʝʥʦ ʚʦʩʝʤʴ ʤʠʥʝʨʘʣʦʚ: ʤʦʥʯʝʠʪ PtTe2, 

ʤʠʪʨʦʬʘʥʦʚʠʪ Pt3Te4, ʠʥʩʠʟʚʘʠʪ PtBi2, ʜʨʠʢʦʧʠʪ PtBi, ʮʫʤʦʠʪ BiTe, ʧʠʣʴʟʝʥʠʪ Bi4Te3, 

ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ Bi2Te3, ʭʝʜʣʝʡʠʪ Bi7Te3 ʠ ʤʘʩʣʦʚʠʪ PtBiTe. 

 

ʈʠʩʫʥʦʢ 12. ʊʨʝʫʛʦʣʴʥʠʢ ɻʠʙʙʩʘ-ʈʦʟʝʙʦʤʘ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʬʘʟʘʤʠ ʌʘʟʳ, 

ʠʤʝʶʱʠʝ ʤʠʥʝʨʘʣʴʥʳʡ ʘʥʘʣʦʛ, ʧʦʤʝʯʝʥʳ ʥʘʟʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʠʥʝʨʘʣʘ. 

 

ʄʠʥʝʨʘʣ ʠʥʩʠʟʚʘʠʪ PtBi2, ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʳʡ Cabri ʠ Harris ʚ 1972 ʛʦʜʫ, ʙʳʣ 

ʥʘʡʜʝʥ ʚ ʦʙʨʘʟʮʝ ʤʘʩʩʠʚʥʦʡ ʧʠʨʨʦʪʠʥʦʚʦʡ ʨʫʜʳ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʀʥʩʠʟʚʘ (ʖɸʈ) ʚ 

ʚʠʜʝ ʤʝʣʢʠʭ ʦʢʨʫʛʣʳʭ ʟʝʨʝʥ (25ʭ75 ʤʢʤ) ʚ ʞʠʣʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʝʥʪʣʘʥʜʠʪʦʤ (Fe,Ni)9S8 (ʩ 

ʚʳʜʝʣʠʚʰʠʤʩʷ ʭʘʣʴʢʦʧʠʨʠʪʦʤ CuFeS2) ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ (ʩʦʜʝʨʞʘʱʠʤ ʚʳʜʝʣʠʚʰʠʡʩʷ 

ʙʦʨʥʠʪ Cu5FeS4), ʘ ʪʘʢʞʝ ʧʘʨʢʝʨʠʪʦʤ Ni3Bi2S2 ʠ ʥʠʛʛʣʠʠʪʦʤ PtSn (Cabri and Harris, 

1972). ʀʥʩʠʟʚʘʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 

Pa m), ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʧʠʨʠʪʘ. ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠʥʩʠʟʚʘʠʪʘ: a = 

6.625 A (Cabri and Harris, 1972), V = 290.775 
3
, Z = 4; ʠʥʩʠʟʚʘʠʪ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ 

ʘʥʘʣʦʛʦʤ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʬʘʟʳ ɓ-PtBi2. 
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ʄʠʥʝʨʘʣ ʜʨʠʢʦʧʠʪ PtBi (McDonald et al., 2023) ʦʙʥʘʨʫʞʝʥ ʚ 2023 ʛʦʜʫ, ʭʦʪʷ 

ʧʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʩʦʩʪʘʚʦʤ, ʙʣʠʟʢʠʤ ʢ ʜʨʠʢʦʧʠʪʫ, 

ʦʪʥʦʩʷʪʩʷ ʢ 70-ʤ ʛʦʜʘʤ ʧʨʦʰʣʦʛʦ ʚʝʢʘ (Tarkian and Stumpfl, 1974, 1975). ʕʤʧʠʨʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ ʧʨʠʨʦʜʥʦʛʦ ʜʨʠʢʦʧʠʪʘ (Pt0.68Pd0.31Fe0.01)Ɇ1.00(Bi0.53Sb0.43As0.02Sn0.02S0.01)Ɇ1.01. 

ɼʨʠʢʦʧʠʪ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʦʡ (Pt3Fe), ʭʦʣʣʠʥʛʫʦʨʪʠʪʦʤ (RhAsS), 

ʛʝʚʝʨʩʠʪʦʤ (PtSb2), ʠʥʩʠʟʚʘʠʪʦʤ (PtBi2), ʘʥʜʨʠʩʣʦʤʙʘʨʜʠʪʦʤ (RhSbS), 

ʩʪʠʙʠʦʧʘʣʣʘʜʠʥʠʪʦʤ (Pd5Sb2), ʩʦʙʦʣʝʚʩʢʠʪʦʤ (PdBi) ʜʨ. ɼʨʠʢʦʧʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P63/mmc) ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a = 4.1993(5), c = 5.6194(6) ¡, V = 85.82 ¡
3
, Z = 2 (McDonald et al., 

2023). 

ʄʠʪʨʦʬʘʥʦʚʠʪ Pt3Te4 ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 2018 ʛʦʜʫ ʚ ʤʘʣʦʩʫʣʴʬʠʜʥʦʡ 

ʚʢʨʘʧʣʝʥʥʦʡ ʨʫʜʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɺʦʩʪʦʯʥʳʝ ʏʫʘʨʚʳ ʌʝʜʦʨʦʚʦ-ʇʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʟʝʨʝʥ (ʧʨʠʤʝʨʥʦ ʜʦ 20Ĭ50 ʤʢʤ), ʦʙʳʯʥʦ ʚ 

ʩʨʘʩʪʘʥʠʷʭ ʩ ʤʦʥʯʝʠʪʦʤ ʚ ʘʛʨʝʛʘʪʘʭ ʩ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʕʇɻ (ʢʦʪʫʣʴʩʢʠʪ Pd(Te,Bi), 

ʚʳʩʦʮʢʠʪ (Pd,Ni)S, ʩʧʣʘʚʳ Pt-Fe ʠ ʜʨ.) ʚ ʤʘʪʨʠʮʝ ʭʘʣʴʢʦʧʠʨʠʪʘ-ʧʝʥʪʣʘʥʜʠʪʘ-ʧʠʨʨʦʪʠʥʘ 

(Subbotin et al., 2019). ʅʘʟʚʘʥ ʚ ʯʝʩʪʴ ʩʦʚʝʪʩʢʦʛʦ ʠ ʨʦʩʩʠʡʩʢʦʛʦ ʛʝʦʣʦʛʘ ʌ.ʇ. 

ʄʠʪʨʦʬʘʥʦʚʘ. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʤʠʪʨʦʬʘʥʦʚʠʪʘ ï (Pt2.91Pd0.02)Ɇ2.93(Te4.02Bi0.05)Ɇ4.07 

(Subbotin et al., 2019). ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʘʥʘʣʦʛ ʤʠʪʨʦʬʘʥʦʚʠʪʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R m ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ a = 3.9874(1), c = 35.361 ¡, V = 486.91(2) ¡
3
, Z = 3 (Subbotin et al., 2019). 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʪʝʣʣʫʨʠʜʦʚ Bi, ʦʪʚʝʯʘʶʱʠʝ 

ʬʦʨʤʫʣʝ Bi2+xTe3-x ʠ ʩʦʜʝʨʞʘʱʠʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ Ag, ʦʪʥʦʩʠʣʠ ʢ ʤʠʥʝʨʘʣʫ 

ʚʝʨʣʠʪʫ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʦʧʠʩʘʣ ʤʠʥʝʨʘʣʦʛ Huot ʚ 1841 ʛ. ʂʘʢ ʦʢʘʟʘʣʦʩʴ ʧʦʟʞʝ, ʚʝʨʣʠʪ 

ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʷʚʣʷʝʪʩʷ ʥʝ ʦʪʜʝʣʴʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʚʠʜʦʤ, ʘ ʩʤʝʩʴʶ ʪʝʣʣʫʨʠʜʦʚ 

ʚʠʩʤʫʪʘ (ʥʘʧʨʠʤʝʨ, ʧʠʣʴʟʝʥʠʪʘ Bi4Te3), ʩ ʛʝʩʩʠʪʦʤ Ag2Te (Thompson, 1949; Shimazaki 

and Ozawa, 1978; Ozawa and Shimazaki, 1982). 

ɺ 1978 ʛ. ʚ ʨʘʙʦʪʝ Shimazaki and Ozawa (1978) ʙʳʣ ʦʧʠʩʘʥ ʧʨʠʨʦʜʥʳʡ ʘʥʘʣʦʛ 

ʬʘʟʳ BiTe, ʥʘʟʚʘʥʥʳʡ ʮʫʤʦʠʪʦʤ ʧʦ ʤʝʩʪʫ ʥʘʭʦʜʢʠ. ʎʫʤʦʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ R m1 ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʝʪʢʠ a = 

4.422(2), c = 24.05(2) ¡, Z = 6. ʎʫʤʦʠʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʚʠʜʝ ʪʘʙʣʠʪʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʪʝʪʨʘʜʠʤʠʪʦʤ (Bi2Te2S), ʚʠʩʤʫʪʠʥʦʤ (Bi2S3), ʢʦʟʘʣʠʪʦʤ (Pb2Bi2S5) ʠ 
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ʛʘʣʝʥʠʪʦʤ (PbS) ʠ ʦʪʚʝʯʘʣ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ (Bi0.99Pb0.2)1.01Te1.00 (Shimazaki and 

Ozawa, 1978). 

ʇʠʣʴʟʝʥʠʪ Bi4Te3, ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʳʡ ʝɦ ʝ ʜʦ 1959 ʛ. ʠ ʥʘʟʚʘʥʥʳʡ ʧʦ ʤʝʩʪʫ 

ʥʘʭʦʜʢʠ, ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ S ʠ Se, ʘ ʪʘʢʞʝ Pb (Cook et al., 

2007). ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʧʠʣʴʟʝʥʠʪʘ ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ R m ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a = 4.451(1), c = 

41.888(5) ¡, Z = 3. ʈʝʟʫʣʴʪʘʪʳ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʧʠʣʴʟʝʥʠʪʘ ʚ ʨʘʙʦʪʝ Ozawa and Shimazaki (1982), ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʝʛʦ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ (Yamana et al., 1979). 

ʊʝʣʣʫʨʦʚʠʩʤʫʪʠʪ Bi2Te3 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʠʟʫʯʝʥʥʳʤ ʪʝʣʣʫʨʠʜʦʤ ʚʠʩʤʫʪʘ, ʢʦʪʦʨʳʡ ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ 

ʪʝʪʨʘʜʠʤʠʪʘ Bi2Te2S (Balch, 1863; ɿʘʚʴʷʣʦʚ, 1981). ʊʝʣʣʫʨʦʚʠʩʤʫʪʠʪ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ 

ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ S, Sb ʠ Se (Cook et al., 2007; Ciobanu et al., 2009). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪʘ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʘʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ R m ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a 

= 3.395(3), c = 30.44(1) ¡, Z = 3 (Feutelais et al., 1993). 

ʍʝʜʣʝʡʠʪ Bi7Te3 (ʠʣʠ Bi14Te6), ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ Warren and Peacock 

(1945) ʠ ʥʘʟʚʘʥʥʳʡ ʧʦ ʤʝʩʪʫ ʥʘʭʦʜʢʠ, ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʧʣʘʩʪʠʥʳ ʜʦ 6 ʤʤ ʰʠʨʠʥʦʡ ʠ 1 

ʤʤ ʪʦʣʱʠʥʦʡ ʠ ʘʩʩʦʮʠʠʨʦʚʘʣ ʩ ʩʘʤʦʨʦʜʥʳʤ Bi, ʞʦʟʝʠʪʦʤ Bi4TeS2, ʧʠʨʨʦʪʠʥʦʤ Fe7S8, 

ʘʨʩʝʥʦʧʠʨʠʪʦʤ FeAsS, ʢʘʣʴʮʠʪʦʤ CaCO ʠ Au. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʭʝʜʣʝʡʠʪʘ 

ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ, ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a = 4.46, c = 118.8 ¡, Z = 3 (ʭʠʤʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ Bi14Te6; Warren and Peacock, 1945; Fleisher, 1963) ʠʣʠ a = 4.472, c = 17.82 ¡ 

(ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ Bi7Te3; ɿʘʚʴʷʣʦʚ, 1981; ɿʘʚʴʷʣʦʚ ʠ ʜʨ., 1976). 

ʂʦʚʘʣʝʥʢʝʨʦʤ ʠ ʜʨ. (1979) ʩʦʦʙʱʘʣʦʩʴ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʨʷʜʘ ʤʠʥʝʨʘʣʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ Pt, Pd, Bi ʠ Te (Sb, Pb ʢʘʢ ʧʨʠʤʝʩʠ) ʚ ʩʧʣʦʰʥʳʭ ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʭ ʠ 

ʤʦʠʭʫʢʠʪʦʚʳʭ ʨʫʜʘʭ ʆʢʪʷʙʨʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʕʪʠ ʤʠʥʝʨʘʣʳ ʦʙʣʘʜʘʣʠ ʩʪʨʫʢʪʫʨʦʡ 

ʧʠʨʠʪʦʚʦʛʦ ʪʠʧʘ, ʧʦʜʦʙʥʦ ʤʘʡʯʥʝʨʠʪʫ PdBiTe ʠ ʠʥʩʠʟʚʘʠʪʫ PtBi2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʦʜʥʦʡ ʯʘʩʪʠ ʠʟʫʯʝʥʥʳʭ ʟʝʨʝʥ ʧʨʠʙʣʠʞʘʣʩʷ ʢ ʤʘʡʯʥʝʨʠʪʫ, ʘ ʜʨʫʛʦʡ ï ʢ ʩʦʝʜʠʥʝʥʠʶ 

ʩʦʩʪʘʚʘ PtBiTe. ʉʭʦʜʩʪʚʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʙʣʠʟʦʢ ʢ PtBiTe) ʠ ʜʘʥʥʳʭ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʚʠʜ ï ʤʘʩʣʦʚʠʪ, 

ʠʜʝʘʣʴʥʘʷ ʬʦʨʤʫʣʘ ʢʦʪʦʨʦʛʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ PtBiTe. ʄʘʩʣʦʚʠʪ ʥʘʙʣʶʜʘʣʩʷ ʚ ʚʠʜʝ 

ʫʜʣʠʥʝʥʥʳʭ (ʠʣʠ ʠʥʦʛʜʘ ʦʢʨʫʛʣʳʭ) ʟʝʨʝʥ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʥʝ ʧʨʝʚʳʰʘʣ 100-120 ʤʢʤ ʚ 
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ʧʦʧʝʨʝʯʥʠʢʝ ʠ ʙʳʣ ʧʨʠʫʨʦʯʝʥ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʣʦʞʥʳʭ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʭ 

ʩʨʘʩʪʘʥʠʡ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʚʭʦʜʠʣʠ ʘʣʪʘʠʪ (PbTe), ʪʝʣʣʫʨʠʩʪʳʡ ʩʦʙʦʣʝʚʩʢʠʪ 

(PdBi), ʤʦʥʯʝʠʪ (PtTe2), ʤʘʡʯʥʝʨʠʪ (PdBiTe) ʠ ʧʣʘʪʠʥʠʩʪʳʡ ʤʘʡʯʥʝʨʠʪ, ʬʨʫʜʠʪ (ŬPdBi2), 

ʩʧʝʨʨʠʣʠʪ (PtAs2). ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʟʝʨʝʥ ʤʘʩʣʦʚʠʪʘ ʫʢʘʟʳʚʘʣʠ ʥʘ 

ʝʛʦ ʧʝʨʝʤʝʥʥʳʡ ʩʦʩʪʘʚ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ 

ʩʦʦʪʥʦʰʝʥʠʷ Bi/Te. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʨʷʜʫ PtBi2-PtBiTe-PdBiTe ʠ ʚʳʜʝʣʷʶʪ ʧʦʣʝ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʘʚʦʚ ʤʘʩʣʦʚʠʪʘ, 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʩʦʩʪʘʚʘʤʠ PtBiTe-Pt0.5Pd0.5BiTe-Pt0.5Pd0.5Bi1.5-Te0.5-PtBi1.5Te0.5 (ʚ ʩʨʝʟʝ 

PtTe2-PtBi2-PdBi2-PdTe2). ʇʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ a = 6.689 [ʜʣʷ ʩʦʩʪʘʚʘ 

(Pt0.71Pd0.27)0.98(Bi1.31Te0.64Sb0.07)2.02] ʠʣʠ 6.671 ¡ [ʜʣʷ ʩʦʩʪʘʚʘ 

(Pt0.53Pd0.49)1.02(Bi1.16Te0.78Sb0.05)1.99]. ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʩʣʦʚʠʪʘ ʥʝʪ. 

ɺʩʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʬʘʟʘʭ, ʠʭ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʦʙʣʘʩʪʷʤ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ 

Pt-Bi-Te. 

 

1.3 ʄʝʪʦʜ çʩʫʭʦʛʦè ʩʠʥʪʝʟʘ ʢʘʢ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ 

 

ɺʩʝ ʦʙʨʘʟʮʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʝʪʦʜʦʤ çʩʫʭʦʛʦè ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʪʝʢʘʥʠʠ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʦʩʫʜʘʭ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹʧʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ (Pt, Bi ʠ Te) ʯʠʩʪʦʪʦʡ ʥʝ 

ʤʝʥʝʝ 99 ʤʘʩ.%, ʘ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʳʭ ʩʦʩʫʜʦʚ ʚʳʩʪʫʧʘʣʠ ʘʤʧʫʣʳ ʠʟ ʢʚʘʨʮʝʚʦʛʦ 

ʩʪʝʢʣʘ. ʄʘʩʩʘ ʰʠʭʪʳ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 0.2 ʜʦ 0.4 ʛ. 

ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ ʚʟʚʝʰʠʚʘʣʠʩʴ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0.1 ʤʛ) 

ʠ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʚ ʘʤʧʫʣʳ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ ~0.6 cʤ, ʜʣʠʥʦʡ ~10 ʩʤ ʠ ʪʦʣʱʠʥʦʡ 

ʩʪʝʥʢʠ ~0.1 cʤ. ɿʘʪʝʤ ʘʤʧʫʣʳ ʩ ʰʠʭʪʦʡ ʚʘʢʫʫʤʠʨʦʚʘʣʠʩʴ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ~10
-4
 

ʙʘʨ ʠ ʟʘʧʘʠʚʘʣʠʩʴ ʚ ʧʣʘʤʝʥʠ ʢʠʩʣʦʨʦʜʥʦ-ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʠ. ɿʘʧʘʷʥʥʳʝ ʚ ʘʤʧʫʣʳ 

ʨʝʘʛʝʥʪʳ ʦʪʞʠʛʘʣʠʩʴ ʚ ʪʨʫʙʯʘʪʳʭ ʧʝʯʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ 350, 450 ʠ 550Áʉ; 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ ʧʝʯʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨ K-ʪʠʧʘ (ʭʨʦʤʝʣʴ-

ʘʣʶʤʝʣʴ) ʩ ʪʦʯʥʦʩʪʴʶ Ñ1Áʉ. ɺ ʩʚʷʟʠ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ ʢʠʥʝʪʠʢʦʡ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ 

(ʨʠʩ. 13, ɺʦʛʘʥ ʠ ʂʨʝʡʛ, 1981), ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʪʞʠʛʘ ʩʦʩʪʘʚʣʷʣʘ 3-12 ʤʝʩʷʮʝʚ ʚ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ, ʘ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʠʭʦʜʘ 

ʩʠʩʪʝʤʳ ʢ ʨʘʚʥʦʚʝʩʠʶ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʦʜʥʦʢʨʘʪʥʦ ʧʝʨʝʪʠʨʘʣʠ ʚ 

ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʠ ʜʘʣʝʝ ʧʨʦʜʦʣʞʘʣʠ ʚʳʜʝʨʞʠʚʘʪʴ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ. 

 

 
ʈʠʩʫʥʦʢ 13. ɺʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʘʢ ʬʫʥʢʮʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ (ɺʦʛʘʥ ʠ ʂʨʝʡʛ, 1981). 

 

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʚʠʜʠʤʳʭ ʩʣʝʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Pt, ʦʙʨʘʟʮʳ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ (650-850Áʉ) ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ ʠ ʟʘʪʝʤ ʩʥʦʚʘ ʦʪʞʠʛʘʣʠʩʴ ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɽʩʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʜʘʞʝ ʧʨʠ 850Áʉ, ʪʦ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʚ ʧʣʘʤʝʥʠ ʢʠʩʣʦʨʦʜʥʦ-ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʧʣʠ, ʟʘʪʝʤ 

ʟʘʢʘʣʠʚʘʣʠ ʚ ʚʦʜʝ ʩ ʮʝʣʴʶ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʬʘʟ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʟʘ 

ʨʘʚʥʦʚʝʩʥʳʝ, ʠ ʧʦʚʪʦʨʥʦ ʦʪʞʠʛʘʣʠ. ʇʦʩʣʝ ʦʪʞʠʛʘ, ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʢʘʣʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ ʠʣʠ ʚ ʭʦʣʦʜʥʦʡ ʚʦʜʝ. 

 

1.4 ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ 

 

1.4.1 ʄʝʪʦʜ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʉʕʄ) ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ 

ʤʠʢʨʦʘʥʘʣʠʟ (ʈʉʄɸ) 

ʀʟʤʝʨʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʦʪʧʦʣʠʨʦʚʘʥʥʳʭ ʠ ʟʘʪʝʤ ʥʘʧʳʣʝʥʥʳʭ ʪʦʥʢʠʤ ʩʣʦʝʤ ʛʨʘʬʠʪʘ (ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʛʦ ʩʣʦʷ) ʵʧʦʢʩʠʜʥʳʭ ʰʘʰʢʘʭ ʣʠʙʦ ʥʘ ʮʠʬʨʦʚʦʤ ʨʘʩʪʨʦʚʦʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʉʕʄ) TESCAN Vega II XMU ʩ ʩʠʩʪʝʤʦʡ 
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ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ INCA Energy 450/XT (20 ʢɺ) (ʦʧʝʨʘʪʦʨ ɸ.ʅ. 

ʅʝʢʨʘʩʦʚ, ʀʕʄ ʈɸʅ), ʣʠʙʦ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʤ 

ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ (ʈʉʄɸ) JEOL JXA-8200, ʦʩʥʘʱʝʥʥʦʤ ʧʷʪʴʶ ʚʦʣʥʦʚʳʤʠ 

ʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ, ʚ ʨʝʞʠʤʝ ʩ ʜʠʩʧʝʨʩʠʝʡ ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ (ʦʧʝʨʘʪʦʨ 

ɽ.ɺ. ʂʦʚʘʣʴʯʫʢ, ʀɻɽʄ ʈɸʅ). ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʯʠʩʪʳʝ 

ʵʣʝʤʝʥʪʳ (Pt, Bi ʠ Te). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʪʝʣʣʫʨʠʜʦʚ ʚʠʩʤʫʪʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠ Bi2Te3 ʢʘʢ ʩʪʘʥʜʘʨʪ ʜʣʷ Bi ʠ Te. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʜʘʥʥʳʝ ʧʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟ ʙʳʣʠ ʩʦʙʨʘʥ r ʩ ʥʝʩʢʦʣʴʢʠʭ ʟʝʨʝʥ ʠ ʟʘʪʝʤ 

ʫʩʨʝʜʥʝʥʳ. 

 

1.4.2 ʄʝʪʦʜ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ (ʈʌɸ) ʣʠʙʦ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Rigaku D/Max2200 

(ʠʟʣʫʯʝʥʠʝ CuKŬ, 40ʢɺ, 20ʤɸ, ʰʘʛ 0.02Á) ʚ ʀɻɽʄ ʈɸʅ (ʦʧʝʨʘʪʦʨ rʄ.ʉ. ʅʠʢʦʣʴʩʢʠʡ, 

ɸ.ɸ. ʄʝʞʫʝʚʘ, ɸ.ʉ. ʋʣʘʥʦʚʘ), ʣʠʙʦ ʥʘ ʥʘʩʪʦʣʴʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ AXRD 

ʬʠʨʤʳ Proto Manufacturing (ʠʟʣʫʯʝʥʠʝ CoKŬ, 30ʢɺ, 20ʤɸ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʢʘʨʪʦʯʝʢ: PCD #2040823 (BiTe), PCD 

#1250706 (Bi2Te3), PDF #22-0115 (Bi4Te5), PCD #1301613 (PtBi), PCD #1237363 (ɓ-PtBi2), 

PCD #1051080 (ɔ-PtBi2), PCD #1404527 (PtTe2), PCD #1251020 (Pt2Te3), PCD #1247208 

(Pt3Te4), PCD #1251019 (PtTe). ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʘʟʳ Pt2Bi3 ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ɸ.ɸ. ʄʝʞʫʝʚʦʡ 

(ʇʨʠʣʦʞʝʥʠʝ ɸ2). 

 

1.5 ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʆʙʦʙʱʘʷ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʈʘʟʜʝʣʝ 1.1, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 350-550Áʉ: 

1) ʚ ʩʠʩʪʝʤʝ Pt-Bi ʩʫʱʝʩʪʚʫʶʪ ʬʘʟʳ ɓ-PtBi2 (272-420Áʉ), ɔ-PtBi2 (420-640Áʉ) ʠ 

PtBi (ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ); ʨʘʩʪʚʦʨʠʤʦʩʪʴ Bi ʚ Pt ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ 

(Okamoto and Tanner, 1990), ʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Pt ʚ Bi ʩʦʩʪʘʚʣʷʝʪ ʦʪ ~3 ʜʦ ~13 ʘʪ.% Pt ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ; 
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2) ɺ ʩʠʩʪʝʤʝ Pt-Te ʩʫʱʝʩʪʚʫʪʁ ʯʝʪʳʨʝ ʙʠʥʘʨʥʳʝ ʬʘʟʳ: PtTe, PtTe2, Pt2Te3 ʠ 

Pt3Te4. ʈʘʩʪʚʦʨʠʤʦʩʪʴ Te ʚ Pt ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ, ʘ Pt ʚ Te ʜʦʩʪʦʚʝʨʥʦ ʥʝʠʟʚʝʩʪʥʘ, ʥʦ, 

ʚʝʨʦʷʪʥʦ, ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 1 ʘʪ.%; 

3) ɺ ʩʠʩʪʝʤʝ Bi-Te ʢʦʣʠʯʝʩʪʚʦ, ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʜʦʩʪʦʚʝʨʥʦ ʥʝʠʟʚʝʩʪʥʳ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʨʘʙʦʪ ʧʦ 

ʠʟʫʯʝʥʠʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ (ʨʘʟʜʝʣ 1.1.3) ʢʨʘʡʥʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʥʘʠʙʦʣʝʝ ʢʦʤʧʨʦʤʠʩʩʥʦʤ ʚʘʨʠʘʥʪʝ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ Bi-Te, ʧʦʩʪʨʦʝʥʥʦʡ Okamoto and 

Tanner (1990), ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʪʘʙʠʣʴʥʳʤʠ ʬʘʟʘʤʠ ʙʫʜʫʪ (ʙʝʟ ʫʯʝʪʘ ʦʪʤʝʯʝʥʥʳʭ 

ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʬʘʟ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʧʨʦʩʦʤ) Bi2Te, 

Bi4Te3, BiTe, Bi6Te7, Bi4Te5, Bi2Te3 ʧʨʠ 350Áʉ; BiTe, Bi6Te7, Bi4Te5, Bi2Te3 ʧʨʠ 450Áʉ; 

Bi4Te5 ʠ Bi2Te3 ʧʨʠ 550Áʉ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ Bi ʚ Te ʧʨʠ 350Áʉ ʩʦʩʪʘʚʣʷʝʪ ~0.005 ʘʪ.% 

(Okamoto and Tanner, 1990), ʧʨʠ 450Áʉ ~14 ʘʪ.%, ʧʨʠ 550Áʉ ~27 ʘʪ.%. ʈʘʩʪʚʦʨʠʤʦʩʪʴ Te 

ʚ Bi ʧʨʠ 350Áʉ ʩʦʩʪʘʚʣʷʝʪ ~6 ʘʪ.%, ʧʨʠ 450Áʉ ~26 ʘʪ.%, ʧʨʠ 550Áʉ ~47.5 ʘʪ.%. 

ɺ ʩʚʷʟʠ ʩ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴʶ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʠʩʪʝʤʝ Bi-Te, ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʪʝʣʣʫʨʠʜʦʚ Bi ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ 350-550Áʉ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟʘʭ ʠ ʠʭ 

ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʘʡʪʠ ʩʧʦʩʦʙ ʦʪʣʠʯʠʪʴ ʵʪʠ ʬʘʟʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʦʧʠʨʘʷʩʴ ʥʘ 

ʜʘʥʥʳʝ ʈʌɸ) ʧʨʠ ʫʩʣʦʚʠʠ ʤʥʦʛʦʬʘʟʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʨʘʙʦʪʝ ʩ ʩʠʩʪʝʤʦʡ 

Pt-Bi-Te. 

 

1.5.1 ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʬʘʟ ʚ ʩʠʩʪʝʤʝ Bi-Te 

ʉʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʞʠʛʘ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʦʪʤʝʯʝʥʳ ʥʘ 

ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ Okamoto and Tanner (1990) ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Bi-Te 

(ʨʠʩ. 14), ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ɸ. 
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ʈʠʩʫʥʦʢ 14. ʇʦʩʪʨʦʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ Okamoto and Tanner (1990) ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ 

Bi-Te ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 

 

ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʙʦʛʘʱʝʥʥʦʡ Te ʦʙʣʘʩʪʠ ʧʨʠ 350Áʉ, ʯʘʩʪʦ ʙʳʣʠ 

ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʘʟ (ʪʨʠ ʠ ʙʦʣʝʝ), 

ʦʪʩʫʪʩʪʚʠʝʤ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ ʟʘʤʝʪʥʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʬʘʟ. 

ʅʘʧʨʠʤʝʨ, ʚ ʦʙʨʘʟʮʝ 9249 ʩ ʠʩʭʦʜʥʳʤ ʩʦʩʪʘʚʦʤ ʰʠʭʪʳ Bi48Te52, ʥʘʙʣʶʜʘʣʦʩʴ ʢʘʢ 

ʤʠʥʠʤʫʤ ʪʨʠ ʬʘʟʳ (ʩ ʫʯʝʪʦʤ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ): ʬʘʟʘ BiTe, Bi4Te5 ʠ Bi2Te3 (ʨʠʩ. 

15). 

ɺ ʦʙʦʛʘʱʝʥʥʦʡ Bi ʦʙʣʘʩʪʠ ʜʠʘʛʨʘʤʤʳ, ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʧʦʣʝ ʨʘʚʥʦʚʝʩʠʷ ʩ 

ʞʠʜʢʠʤ Bi, ʚ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ, ʛʜʝ ʚ ʤʘʪʨʠʮʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʯʠʩʪʦʛʦ Bi ʥʘʭʦʜʠʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʢʘʢʦʛʦ-ʣʠʙʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʣʣʫʨʠʜʘ Bi. 

ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʢʠʥʝʪʠʢʘ ʨʘʩʧʘʜʘ Te-ʩʦʜʝʨʞʘʱʝʛʦ ʨʘʩʧʣʘʚʘ Bi ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʘ, ʯʪʦ 

ʩʢʦʨʦʩʪʠ ʟʘʢʘʣʢʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʝʛʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ 

ʦʙʨʘʟʮʝ 9264 ʩ ʠʩʭʦʜʥʳʤ ʩʦʩʪʘʚʦʤ ʰʠʭʪʳ Bi2Te, ʩʫʜʷ ʧʦ ʵʣʝʢʪʨʦʥʥʳʤ  ʠʟʦʙʨʘʞʝʥʠʷʤ ʠ 

ʨʝʟʫʣʴʪʘʪʘʤ ʈʉʄɸ (ʨʠʩ. 16), ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ (450Áʉ, ~1 ʘʪʤ.) ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʨʘʚʥʦʚʝʩʠʠ Bi53.6Te46.4 (2ůBi,Te = 0.6) ʠ Te-ʩʦʜʝʨʞʘʱʠʡ ʨʘʩʧʣʘʚ Bi. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ, 

ʨʘʚʥʦʚʝʩʥʳʡ Te-ʩʦʜʝʨʞʘʱʠʡ ʨʘʩʧʣʘʚ Bi ʨʘʩʧʘʣʩʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʳʡ Bi (Bi97.5Te2.5, 
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2ůBi,Te = 2.2) ʠ Bi56.3Te43.7 (2ůBi,Te = 2.0), ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʥʠʞʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ. 

 

 
ʈʠʩʫʥʦʢ 15. ʕʣʝʢʪʨʦʥʥʘʷ ʬʦʪʦʛʨʘʬʠʷ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ 9249 ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

 

 
ʈʠʩʫʥʦʢ 16. ʕʣʝʢʪʨʦʥʥʘʷ ʬʦʪʦʛʨʘʬʠʷ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ 9264 ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʈʉʄɸ ʠ ʈʌɸ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350ÁC ʩʫʱʝʩʪʚʫʶʪ ʬʘʟʳ, ʥʘʯʠʥʘʷ ʩ ʬʘʟʳ ʧʨʠʤʝʨʥʦʛʦ ʩʦʩʪʘʚʘ 

Bi62.5Te37.5 (ʩ ʫʯʝʪʦʤ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ) ʠ ʜʘʣʝʝ ʚ ʩʪʦʨʦʥʫ Bi2Te3. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te, ʚʝʩʴ ʨʷʜ ʬʘʟ ʙʳʣ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥ 
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ʥʘ ʪʨʠ ʯʘʩʪʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʝʩʪʴ ʷʚʥʳʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʚ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʢʘʨʪʠʥʘʭ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʪʣʠʯʠʪʴ ʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ ʫʩʣʦʚʠʠ ʤʥʦʛʦʬʘʟʥʦʩʪʠ ʦʙʨʘʟʮʦʚ: 

1) Bi62.5Te37.5 ï Bi46Te54 ʩ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʢʘʨʪʠʥʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ BiTe, 2) Bi4Te5 ʠ 3) 

Bi2Te3. ʇʦʧʘʨʥʦ ʥʘʣʦʞʝʥʥʳʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ ʬʘʟ BiTe, Bi4Te5 ʠ 

Bi2Te3, ʚʟʷʪʳʭ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʬʘʟ ʥʘ ʯʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 17-19. ʉʭʦʞʝʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʚʥʫʪʨʠ ʚʳʜʝʣʝʥʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʧʦʢʘʟʘʥʘ 

ʥʘ ʧʨʠʤʝʨʝ ʧʘʨʳ Bi54Te46 ʠ BiTe (ʨʠʩ. 20).  

 

 
ʈʠʩʫʥʦʢ 17. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʬʘʟ BiTe ʠ Bi4Te5, ʥʘʣʦʞʝʥʥʳʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 
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ʈʠʩʫʥʦʢ 18. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʬʘʟ BiTe ʠ Bi2Te3, ʥʘʣʦʞʝʥʥʳʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 

 

 
ʈʠʩʫʥʦʢ 19. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʬʘʟ Bi4Te5 ʠ Bi2Te3, ʥʘʣʦʞʝʥʥʳʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. 
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ʈʠʩʫʥʦʢ 20. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʬʘʟ BiTe ʠ Bi54Te46, ʥʘʣʦʞʝʥʥʳʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ.  

 

ʂʨʦʤʝ ʪʦʛʦ, ʬʘʟʘ Bi2Te, ʩʪʘʙʠʣʴʥʘʷ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʚʧʣʦʪʴ ʜʦ 420ÁC 

(ʜʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ Okamoto ʠ Tanner (1990) ʠ ʜʨ.), ʥʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʫʞʝ ʧʨʠ 350ÁC: 

ʚʤʝʩʪʦ ʥʝʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʜʚʫʭʬʘʟʥʘʷ ʘʩʩʦʮʠʘʮʠʷ Bi ʠ Bi61.7Te38.3 (2ůBi,Te = 0.2) (9238; 

ʨʠʩ. 21). 

 

 
ʈʠʩʫʥʦʢ 21. ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ 9238 ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟ ʚ ʩʠʩʪʝʤʝ ʫʙʳʚʘʝʪ. ʊʘʢ, 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450ÁC ʩʪʘʙʠʣʴʥʳ ʬʘʟʳ ʦʪ Bi54Te46 ʜʦ Bi2Te3 (ʩ ʫʯʝʪʦʤ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ), ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ ʪʨʠ ʯʘʩʪʠ: 1) Bi54Te46 ï Bi46Te54, 2) 

Bi4Te5, 3) Bi2Te3. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550ÁC ʩʪʘʙʠʣʴʥʳʤʠ ʦʩʪʘʶʪʩʷ Bi4Te5 ʠ Bi2Te3. 

 

1.5.2 ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

350-550Áʉ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 192 ʦʙʨʘʟʮʘ, ʦʙʱʠʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ (ʚ ʘʪ.%) ʦʪʨʘʞʝʥ ʥʘ 

ʠʩʭʦʜʥʳʭ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʩʝʯʝʥʠʷʭ (550, 450 ʠ 350Áʉ; ʨʠʩ. 22-24, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

 

ʈʠʩʫʥʦʢ 22. ʊʨʝʫʛʦʣʴʥʠʢ ɻʠʙʙʩʘ-ʈʦʟʝʙʦʤʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʧʨʠ 

550Áʉ. ʇʝʨʚʳʡ ʟʥʘʢ ʚ ʥʦʤʝʨʝ ʦʙʨʘʟʮʘ ʦʧʫʱʝʥ. 
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ʈʠʩʫʥʦʢ 23. ʊʨʝʫʛʦʣʴʥʠʢ ɻʠʙʙʩʘ-ʈʦʟʝʙʦʤʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʧʨʠ 

450Áʉ. ʇʝʨʚʳʡ ʟʥʘʢ ʚ ʥʦʤʝʨʝ ʦʙʨʘʟʮʘ ʦʧʫʱʝʥ.  

 
ʈʠʩʫʥʦʢ 24. ʊʨʝʫʛʦʣʴʥʠʢ ɻʠʙʙʩʘ-ʈʦʟʝʙʦʤʘ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʬʠʛʫʨʘʪʠʚʥʳʤʠ ʪʦʯʢʘʤʠ ʧʨʠ 

350Áʉ. ʇʝʨʚʳʡ ʟʥʘʢ ʚ ʥʦʤʝʨʝ ʦʙʨʘʟʮʘ ʦʧʫʱʝʥ. 
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ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʩʪʨʦʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʈʉʄɸ ʠ ʈʌɸ 

ʠʟʤʝʨʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ A (ʪʘʙʣ. ɸ2-ɸ4). 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 450 ʠ 550Áʉ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦʩʪʠʛʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʢʠʥʝʪʠʢʘ 

ʧʨʦʪʝʢʘʥʠʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ 

ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʝ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 ʠ 550Áʉ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʦʧʠʩʘʥʳ ʙʦʣʝʝ 

ʪʦʯʥʦ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Áʉ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚʩʝʛʦ 26 ʦʙʨʘʟʮʦʚ ʚ ʩʚʷʟʠ ʩ 

ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʫʜʥʝʥʠʷʤʠ ʧʦʣʫʯʝʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʩʣʦʞʥʦʩʪʝʡ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

1.5.2.1 ʊʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʙʠʥʘʨʥʳʭ ʬʘʟʘʭ ʚ 

ʩʠʩʪʝʤʝ Pt-Bi-Te 

 

ɺʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʬʘʟʫ PtBiTe ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʤʘʩʣʦʚʠʪʘ ʦʙʥʘʨʫʞʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. 

ɺ ʩʠʩʪʝʤʝ Pt-Bi-Te ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 350-550Áʉ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʙʠʥʘʨʥʳʝ ʬʘʟʳ: 

1) ʈʝʙʨʦ Pt-Te: PtTe2, PtTe, Pt3Te4 ʠ Pt2Te3; 

2) ʈʝʙʨʦ Pt-Bi: PtBi, Pt2Bi3 (ʪʦʣʴʢʦ ʧʨʠ ʥʝʥʫʣʝʚʦʤ ʩʦʜʝʨʞʘʥʠʠ Te) ʠ PtBi2; 

3) ʈʝʙʨʦ Bi-Te: Bi62.5Te37.5, Bi60Te40, Bi4Te3, Bi56Te44, Bi55Te45, Bi54Te46, BiTe, 

Bi48Te52, Bi6Te7, Bi46Te54, Bi4Te5, Bi2Te3. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʪʝʣʣʫʨʠʜʳ Pt ʩʪʘʙʠʣʴʥʳ ʚʦ ʚʩʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʶʪ ʚ ʩʝʙʝ Bi, ʦʙʨʘʟʫʷ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʤʝʱʝʥʠʷ. 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʙʫʜʫʪ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ss-PtTe2, 

ss-Pt3Te4, ss-Pt2Te3 ʠ ss-PtTe. ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ss-PtTe2 ʩʭʦʞʘ ʩ ʢʘʨʪʦʯʢʦʡ 

ʙʝʩʧʨʠʤʝʩʥʦʡ ʬʘʟʳ PtTe2 (ʨʠʩ. 25-26). ɼʘʥʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ 

ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʩʨʝʜʠ ʚʩʝʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʠʩʪʝʤʳ: ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Bi ʜʦʩʪʠʛʘʝʪ 50 ʠ 56 ʘʪ.% ʧʨʠ 450 ʠ 550Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʳ 

ʈʉʄɸ ʘʥʘʣʠʟʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʦʣʝʙʘʥʠʷ ʩʦʩʪʘʚʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ss-PtTe2 ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʦʪʥʦʰʝʥʠ ̫ʘʥʠʦʥʘ ʢ ʢʘʪʠʦʥʫ. ʇʦʣʦʞʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ ss-PtTe2 ʥʝ ʧʦʩʪʦʷʥʥʦ, 

ʥʦ ̫ʚʥʫ  ʁʩʚʷʟʴ ʩ ʩʦʩʪʘʚʦʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (ʧʦ ʜʘʥʥʳʤ ʈʉʄɸ) ʚʳʷʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. 

ʌʘʟʳ ss-PtTe ʠ ss-Pt3Te4 ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʩʪʚʦʨʷʶʪ Bi ʧʨʠʤʝʨʥʦ ʜʦ 4/6 ʠ 9/14 ʘʪ.% ʧʨʠ 
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450/550ÁC ʠ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ, ʩʭʦʞʫʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʙʝʩʧʨʠʤʝʩʥʳʤʠ ʬʘʟʘʤʠ. 

ɻʨʘʥʠʮʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Bi ʚ ʬʘʟʝ Pt2Te3 ʦʩʪʘʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ ʚʩʣʝʜʩʪʚʠʝ ʩʣʦʞʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʥʠʟʢʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʟʘʭʚʘʪ ʩʦʩʝʜʥʠʭ ʬʘʟ) 

ʠ ʦʯʝʥʴ ʥʠʟʢʦʡ ʢʠʥʝʪʠʢʠ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ: ʥʠ ʯʠʩʪʫʶ, ʥʠ Bi-ʩʦʜʝʨʞʘʱʫʶ ʬʘʟʫ Pt2Te3 ʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʬʦʨʤʝ ʚʳʜʝʣʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʦʥʘ ʚʩʝʛʜʘ ʘʩʩʦʮʠʠʨʫʝʪ ʩ Pt3Te4 ʠ/ʠʣʠ 

PtTe2, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ Kim (1996). 

 
ʈʠʩʫʥʦʢ 25. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʜʥʦʬʘʟʥʦʛʦ ʦʙʨʘʟʮʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ss-PtTe2 (9109). ʉʦʩʪʘʚ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ (ʘʪ.%) Pt32.4Ñ1.1Bi14.1Ñ4.6Te53.6Ñ5.3. 

 

 
ʈʠʩʫʥʦʢ 26. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʙʝʩʧʨʠʤʝʩʥʦʡ ʬʘʟʳ PtTe2. 

 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʚʠʩʤʫʪʠʜʘʭ Pt ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʦʣʠʤʦʨʬʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʌʘʟʘ PtBi2 ʧʨʠ 550Áʉ ʥʝ ʨʘʩʪʚʦʨʷʝʪ Te ʠ 
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ʩʫʱʝʩʪʚʫʝʪ ʚ ɔ-ʤʦʜʠʬʠʢʘʮʠʠ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ɔŸɓ ʧʦʣʠʤʦʨʬʥʳʡ ʧʝʨʝʭʦʜ 

ʯʠʩʪʦʡ ʬʘʟʳ PtBi2 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 420Áʉ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ ʄʝʞʫʝʚʦʡ ʠ ʜʨ. 

(2023), ʠʟʦʤʦʨʬʥʦʝ ʚʭʦʞʜʝʥʠʝ Te ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ PtBi2 ʨʘʩʰʠʨʷʝʪ ʧʦʣʝ 

ʩʪʘʚʠʣʴʥʦʩʪʠ ɓ-ʤʦʜʠʬʠʢʘʮʠʠ ʜʦ ~523Áʉ. ʅʘʰʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʄʝʞʫʝʚʦʡ ʠ ʜʨ. (2023). ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 450Áʉ, ʬʘʟʘ PtBi2 ʧʝʨʝʭʦʜʠʪ ʚ ɓ-

ʤʦʜʠʬʠʢʘʮʠʶ (ʨʠʩ. 27-28) ʠ ʥʘʯʠʥʘʝʪ ʨʘʩʪʚʦʨʷʪʴ Te, ʦʙʨʘʟʫʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ss-PtBi2. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Te ʚ ss-PtBi2 ʩʦʩʪʘʚʣʷʝʪ 7 ʘʪ.% ʧʨʠ 450Áʉ ʠ 8 ʘʪ.% ʧʨʠ 

350Áʉ. ɼʣʷ ʬʘʟʳ PtBi ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ (Te) ʜʦʩʪʦʚʝʨʥʦ ʥʝ 

ʦʧʨʝʜʝʣʝʥʘ, ʥʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 6 ʘʪ.%; ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Áʉ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʥʝ 

ʟʘʤʝʯʝʥʘ. ɼʦʙʘʚʣʝʥʠʝ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ Te-ʩʦʜʝʨʜʞʘʱʝʡ 

ʬʘʟʳ Pt2Bi3 (ss-Pt2Bi3) ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʭʦʪʷ ʝʝ ʯʠʩʪʳʡ 

ʘʥʘʣʦʛ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʩʫʱʝʩʪʚʫʝʪ ʚ ʠʥʪʝʨʚʘʣʝ 570-685Áʉ. ʕʪʠ 

ʥʘʙʣʶʜʝʥʠʷ ʛʦʚʦʨʷʪ ʦ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʚʪʝʢʪʦʠʜʥʦʛʦ ʨʘʩʧʘʜʘ Pt2Bi3 ʧʨʠ 

ʥʝʥʫʣʝʚʦʤ ʩʦʜʝʨʞʘʥʠʠ Te ʚ ʩʪʨʫʢʪʫʨʝ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ Te ʚ ss-Pt2Bi3 ʜʦʣʞʥʦ 

ʩʦʩʪʘʚʣʷʪʴ ʦʪ ~2 ʜʦ ~15 ʘʪ.% ʧʨʠ 550Áʉ, ʦʪ ~7 ʜʦ ~10 ʘʪ.% ï ʧʨʠ 450Áʉ ʠ ʦʢʦʣʦ 11-12 

ʘʪ.% ï ʧʨʠ 350Áʉ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ Pt ʚ ʪʝʣʣʫʨʠʜʘʭ ʚʠʩʤʫʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʘʪ.%. 

 
ʈʠʩʫʥʦʢ 27. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʜʥʦʬʘʟʥʦʛʦ ʦʙʨʘʟʮʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ss-PtBi2 (9110). ʉʦʩʪʘʚ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ Pt33.9Ñ3.3Bi61.3Ñ4.3Te4.8Ñ5.3. 
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ʈʠʩʫʥʦʢ 28. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʙʝʩʧʨʠʤʝʩʥʦʡ ʬʘʟʳ PtBi2. 

 

1.5.2.2 ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʧʨʠ 550 ʠ 450Áʉ 

 

ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʨʘʥʝʝ, ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʞʠʛʘ, ʪʝʤ ʙʳʩʪʨʝʝ 

ʪʚʝʨʜʦʬʘʟʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʭʦʜʠʪ ʢ ʨʘʚʥʦʚʝʩʠʶ. ɼʘʣʝʝ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-

Bi-Te ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦ ʤʝʨʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʅʘ ʨʠʩ. 29 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ Pt-Bi-Te ʧʨʠ 550ÁC. 

ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʩʢʣʘʜʳʚʘʶʪʩʷ ʩ ʫʯʘʩʪʠʝʤ 3 ʙʠʥʘʨʥʳʭ ʬʘʟ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʩʪʘʚʘ (Bi2Te3, Bi4Te5, ɔPtBi2), ʤʝʪʘʣʣʠʯʝʩʢʦʡ Pt, ʨʘʩʧʣʘʚʦʚ Bi ʠ Te ʠ 6 ʬʘʟ ʧʝʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ï ss-PtBi, ss-Pt2Bi3, ss-PtTe2, ss-Pt2Te3, ss-Pt3Te4 ʠ ss-PtTe. ʆʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ 

ʬʘʟ ʫʢʘʟʘʥʳ ʚ ʨʘʟʜʝʣʝ ʚʳʰʝ (ʨʘʟʜʝʣ 1.5.2.1 ʊʨʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʙʠʥʘʨʥʳʭ ʬʘʟʘʭ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te). ɺʩʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ 11 

ʪʨʝʭʬʘʟʥʳʭ ʨʘʚʥʦʚʝʩʠʡ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʤʠ, ʥʦ ʚʳʪʝʢʘʶʱʠʤʠ ʠʟ ʢʦʩʚʝʥʥʳʭ ʜʘʥʥʳʭ. 
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ʈʠʩʫʥʦʢ 29. ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ Pt-Bi-Te ʧʨʠ 550Áʉ. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʨʘʚʥʦʚʝʩʠʷ. 

 

ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ Pt-Bi-Te, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ 450ÁC, ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩ. 30. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 450ÁC, ʬʘʟʘ PtBi2 ʧʝʨʝʭʦʜʠʪ ʚ ɓ-

ʧʦʣʠʤʦʨʬʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʠ ʥʘʯʠʥʘʝʪ ʨʘʩʪʚʦʨʷʪʴ Te, ʘ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʬʘʟʳ ss-

Pt2Bi3 ʩʪʘʥʦʚʠʪʩʷ ʫʞʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʦʙʣʘʩʪʝʡ ʪʨʝʭʬʘʟʥʳʭ 

ʨʘʚʥʦʚʝʩʠʡ ss-PtBi ï ss-Pt2Bi3 ï ss-PtBi2 ʠ ss-PtBi2 ï ss-Pt2Bi3 ï ss-PtTe2 ʠ ʩʪʘʥʦʚʠʪʩʷ 

ʟʘʤʝʪʥʦʡ ʦʙʣʘʩʪʴ ʜʚʫʭʬʘʟʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ss-PtBi ï ss-PtBi2. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦʣʷ ʨʘʩʧʣʘʚʘ Bi ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʙʠʣʴʥʳʭ 

ʪʝʣʣʫʨʠʜʦʚ ʚʠʩʤʫʪʘ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʚ ʙʦʛʘʪʦʡ Bi ʦʙʣʘʩʪʠ ʩʝʯʝʥʠʷ ʤʝʥʷʶʪʩʷ ʬʘʟʦʚʳʝ 

ʦʪʥʦʰʝʥʠʷ: ʪʨʝʭʬʘʟʥʦʝ ʨʘʚʥʦʚʝʩʠʝ Bi4Te5 ï ss-PtTe2 ï Bi(L) ʤʝʥʷʝʪʩʷ ʥʘ Bi54Te46 ï ss-

PtTe2 ï Bi(L) ʠ ʧʦʷʚʣʷʝʪʩʷ ʪʨʝʭʬʘʟʥʦʝ ʨʘʚʥʦʚʝʩʠʝ Bi48Te52 ï ss-PtTe2 ï Bi6Te7. 
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ʈʠʩʫʥʦʢ 30. ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ Pt-Bi-Te ʧʨʠ 450Áʉ. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʨʘʚʥʦʚʝʩʠʷ. 

 

ʈʝʘʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʙʣʘʩʪʠ ʧʨʘʚʝʝ ʬʘʟʳ ss-PtTe2, ʧʨʦʪʝʢʘʣʠ ʙʦʣʝʝ ʙʳʩʪʨʦ ʠ 

ʧʦʣʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʷʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʦʙʣʘʩʪʠ ʣʝʚʝʝ ss-PtTe2. ɿʜʝʩʴ 

ʧʨʠʭʦʜʠʣʦʩʴ ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʨʘʩʧʘʜʦʤ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʧʣʘʚʦʚ Bi ʠ Te. ʇʨʠ 

ʨʘʩʧʘʜʝ Te-ʩʦʜʝʨʞʘʱʝʛʦ ʨʘʩʧʣʘʚʘ Bi ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʳʡ Bi (ʤʘʪʨʠʮʘ) 

ʠ ʬʘʟʘ ʪʝʣʣʫʨʠʜʘ ʚʠʩʤʫʪʘ (ʢʨʠʩʪʘʣʣʳ) ʩʦʩʪʘʚʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʥʘʧʨʠʤʝʨ, ʨʠʩ. 31). ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʢʠʥʝʪʠʢʦʡ 

ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʨʝʘʢʮʠʡ. ʅʘ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ʪʝʣʣʫʨʠʜʦʚ Bi 

ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʝ Bi ʠ Te ʚ ʠʩʭʦʜʥʦʡ ʰʠʭʪʝ: ʯʝʤ ʚʳʰʝ ʠʩʭʦʜʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Bi (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ Pt), ʪʝʤ ʙʦʣʝʝ çʚʠʩʤʫʪʦʚʳʤè ʧʦʣʫʯʘʣʩʷ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʪʝʣʣʫʨʠʜ ʚʠʩʤʫʪʘ. ʅʘʧʨʠʤʝʨ, ʚ ʦʙʨʘʟʮʘʭ 4468, 4469 ʠ 4470 ʧʨʠ 

ʬʠʢʩʠʨʦʚʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ Pt (~15 ʘʪ.%) ʩʦʜʝʨʞʘʥʠʝ Bi ʩʦʩʪʘʚʣʷʝʪ 61.4, 64.3 ʠ 68.7 

ʘʪ.%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʘʝʤʳʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʪʝʣʣʫʨʠʜʳ Bi 

ʠʤʝʣʠ ʩʦʩʪʘʚ Bi60Te40 (4468), Bi2Te (4469) ʠ Bi7Te3 (4470). ʈʘʩʧʘʜ Bi-ʩʦʜʝʨʞʘʱʝʛʦ 
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ʨʘʩʧʣʘʚʘ Te (ʨʠʩ. 32) ʧʨʦʭʦʜʠʣ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ Te ʠ ʚʢʨʘʧʣʝʥʠʡ ʝʜʠʥʩʪʚʝʥʥʦ 

ʚʦʟʤʦʞʥʦʡ ʬʘʟʳ Bi2Te3. 

 

 
ʈʠʩʫʥʦʢ 31. ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ 9170 ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

 

 
ʈʠʩʫʥʦʢ 32. ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ 9020 ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ɺ ʦʙʨʘʟʮʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʘʟʳ Bi2Te3, PtTe2 ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʩʧʘʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ Te ʠ Bi2Te3. 
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ʋʩʪʘʥʦʚʣʝʥʠʝ ʬʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ ʚ ʙʦʛʘʪʦʡ Pt ʦʙʣʘʩʪʠ ʜʠʘʛʨʘʤʤʳ (ʣʝʚʝʝ ʬʘʟʳ 

ss-PtTe2) ʙʳʣʦ ʟʘʪʨʫʜʥʝʥʦ ʥʠʟʢʦʡ ʢʠʥʝʪʠʢʦʡ, ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

Pt ʠ ʦʪʩʫʪʩʪʚʠʷ ʞʠʜʢʠʭ ʬʘʟ: ʦʯʝʥʴ ʯʘʩʪʦ ʯʘʩʪʴ Pt ʦʩʪʘʚʘʣʘʩʴ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ ʠʟ-ʟʘ 

ʯʝʛʦ ʬʠʛʫʨʘʪʠʚʥʘʷ ʪʦʯʢʘ ʩʤʝʱʘʣʘʩʴ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʪʘʢʠʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʭʘʨʘʢʪʝʨʥ  r

ʜʠʘʤʝʪʨ ʟʝʨʝʥ, ʩʨʘʚʥʠʤʳʡ ʩ ʜʠʘʤʝʪʨʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ (ʠʣʠ ʤʝʥʴʰʝ ʥʝʛʦ; ʨʠʩ. 33ʘ, 

ʙ), ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ (ʨʠʩ. 34, ʨʠʩ. 35ʘ, ʙ). ʅʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʟʝʨʝʥ ʠ ʙʣʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʬʘʟ ʦʢʘʟʳʚʘʣʠ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʛʜʘ ʬʘʟʦʚʳʝ 

ʘʩʩʦʮʠʘʮʠʠ ʩʦʩʪʦʷʣʠ ʪʦʣʴʢʦ ʠʟ ʪʝʣʣʫʨʠʜʦʚ Pt), ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʙʳʣʦ 

ʩʫʜʠʪʴ ʪʦʣʴʢʦ ʦ ʣʦʢʘʣʴʥʳʭ ʨʘʚʥʦʚʝʩʠʷʭ. ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʬʘʟʳ ss-Pt2Te3 

ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʚʳʪʝʢʘʶʪ ʣʠʙʦ ʠʟ ʢʦʩʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʣʠʙʦ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʛʨʘʥʠʯʥʳʭ ʨʘʚʥʦʚʝʩʠʡ. 

 

 
ʈʠʩʫʥʦʢ 33. ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ 4474 ʘ) ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʙ) ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦʩʣʝ ʤʥʠʤʦʡ ʮʚʝʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 
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ʈʠʩʫʥʦʢ 34. ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ a) 9130 ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. 

 

 
ʈʠʩʫʥʦʢ 35. ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ 9072 ʘ) ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʙ) ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦʩʣʝ ʤʥʠʤʦʡ ʮʚʝʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʦʩʪʘʚ 

ss-PtTe2: Pt33.3Ñ0.5Bi49.1Ñ5.5Te17.6Ñ5.3; ss-PtBi2: Pt32.3Ñ2.0Bi60.9Ñ7.9Te6.8Ñ7.0. 
 

ʆʜʥʠʤ ʠʟ ʟʘʛʘʜʦʯʥʳʭ ʤʝʩʪ ʜʠʘʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ Pt-Pt3Te4-PtTe2-PtBi (ʨʠʩ. 

36). ɺ ʦʙʨʘʟʮʘʭ ʠʟ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʝʪʘʣʣʠʯʝʩʢʘʷ Pt ʠ ʟʝʨʥʘ ʩʦ 

ʩʪʨʫʢʪʫʨʦʡ ʨʘʩʧʘʜʘ. ɼʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʦʙʣʘʩʪʠ, ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ Pt, ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ Pt ʠ ʨʘʩʧʘʜʘ ss-PtBi + ss-Pt3Te4 (ʨʠʩ. 37). ʇʨʠ ʩʤʝʱʝʥʠʠ ʚ ʩʪʦʨʦʥʫ ss-

PtTe2 ʦʙʨʘʟʫʶʪʩʷ ʘʩʩʦʮʠʘʮʠʠ 1) Pt, ʢʨʫʧʥʳʭ ʟʝʨʝʥ ss-Pt3Te4 ʠ ʟʝʨʝʥ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʨʘʩʧʘʜʘ ss-PtBi + ss-PtTe2 (ʨʠʩ. 38ʘ, ʙ) ʠʣʠ 2) Pt, ʢʨʫʧʥʳʭ ʟʝʨʝʥ ss-PtTe2 ʠ ʟʝʨʝʥ ʩʦ 
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ʩʪʨʫʢʪʫʨʦʡ ʨʘʩʧʘʜʘ ss-PtBi + ss-Pt3Te4. ʇʨʠʯʠʥʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʥʝ 

ʷʩʥʘ. ɺʝʨʦʷʪʥʦ, ʧʦʜʦʙʥʳʝ ʢʘʨʪʠʥʳ ï ʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʪʞʠʛʘ, ʢʦʛʜʘ ʰʠʭʪʘ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʪʨʝʙʫʶʱʝʡʩʷ ʜʣʷ ʚʟʘʠʤʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ Pt) ʠ 

ʜʠʬʬʫʟʠʠ. ʇʨʠ 850ÁC ʠ ʚʳʰʝ ʤʦʛʣʘ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʘʩʩʦʮʠʘʮʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ Pt ʩ 

ʢʘʢʦʡ-ʪʦ çʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡè ʬʘʟʦʡ, ʥʝ ʫʩʪʦʡʯʠʚʦʡ ʧʨʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (350-

550ÁC). ɿʘʪʝʤ, ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, çʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷè ʬʘʟʘ ʨʘʚʥʦʚʝʩʥʦ 

ʨʘʩʧʘʣʘʩʴ ʥʘ ʩʪʘʙʠʣʴʥʳʝ ss-PtBi ʠ ss-Pt3Te4. ʊʦ ʞʝ ʩʘʤʦʝ ʤʦʛʣʦ ʧʨʦʠʟʦʡʪʠ ʠ ʚ ʦʙʨʘʟʮʘʭ, 

ʛʜʝ ʘʩʩʦʮʠʠʨʦʚʘʣʠ Pt, ss-Pt3Te4 (ʠʣʠ ss-PtTe2) ʠ ʨʘʩʧʘʜ ss-PtBi + ss-PtTe2 (ʠʣʠ ss-PtBi + 

ss-Pt3Te4), ʪʦʣʴʢʦ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʦʚʘʣʠʩʴ Pt, ss-Pt3Te4 

(ʠʣʠ ss-PtTe2) ʠ çʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷè ʬʘʟʘ, ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʝʪʝʨʧʝʣʘ 

ʵʚʪʝʢʪʦʠʜʥʳʡ ʨʘʩʧʘʜ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʩʪʨʦʠʣʠʩʴ ʧʦ 

ʣʦʢʘʣʴʥʳʤ ʨʘʚʥʦʚʝʩʠʷʤ (ʨʘʚʥʦʚʝʩʠʷ ss-PtBi ï ss-PtTe2 ʠ ss-PtBi ï ss- Pt3Te4). ʊʨʝʭʬʘʟʥʦʝ 

ʨʘʚʥʦʚʝʩʠʝ Pt ï ss-Pt3Te4 ï ss-PtBi ʚʳʪʝʢʘʝʪ ʠʟ ʦʙʨʘʤʣʷʶʱʠʭ ʜʚʫʭʬʘʟʥʳʭ ʨʘʚʥʦʚʝʩʠʡ. 

 

 

ʈʠʩʫʥʦʢ 36. ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ Pt-Bi-Te ʧʨʠ 550Áʉ ʩ ʚʳʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʴʶ Pt ï 

ss-Pt3Te4 ï ss-PtTe2 ï ss-PtBi. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ 

ʨʘʚʥʦʚʝʩʠʷ. 
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ʈʠʩʫʥʦʢ 37. ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ a) 9187 (450ÁC) ʠ ʙ) 10231 (550ÁC) ʚ 

ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

 

 
ʈʠʩʫʥʦʢ 38. ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ a) 9401 (450ÁC) ʠ ʙ) 9391 (550ÁC) ʚ 

ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ʆʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʚ ʢʦʪʦʨʳʭ ʘʩʩʦʮʠʠʨʫʶʪ ss-PtTe2 ʠ ss-

Pt2Bi3. ʇʦʨʦʰʢʦʚʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʯʠʩʪʳʭ ʬʘʟ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ (ʇʨʠʣʦʞʝʥʠʝ ɸ2). ʇʨʠ ʚʭʦʞʜʝʥʠʠ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʪʨʫʢʪʫʨʫ ʵʪʠʭ ʬʘʟ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʨʝʬʣʝʢʩʦʚ ʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʪʘʥʦʚʷʪʩʷ ʩʭʦʞʠʤʠ ʤʝʞʜʫ ʩʦʙʦʡ 

ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʦʪʣʠʯʠʪʴ ʵʪʠ ʬʘʟʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʪʘʥʦʚʠʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ (ʨʠʩ. 39), 

ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʠʭ ʙʠʥʘʨʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. ɻʣʘʚʥʳʤ 
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ʦʪʣʠʯʠʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʚʳʩʦʪ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʨʝʬʣʝʢʩʦʚ ʠ ʥʘʣʠʯʠʝ 

ʨʝʬʣʝʢʩʘ ʥʘ ~67Á ʫ ʬʘʟʳ ss-Pt2Bi3. 

 

ʈʠʩʫʥʦʢ 39. ɼʠʬʨʘʢʪʦʛʨʘʤʤ rʦʜʥʦʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ ss-PtTe2 ʠ ss-Pt2Bi3 ʠ ʘʩʩʦʮʠʘʮʠʠ ss-PtTe2 + 

ss-Pt2Bi3. 

 

ʉʠʩʪʝʤʝ Pt-Bi-Te ʧʨʠʩʫʱʠ 3 ʜʚʫʭʬʘʟʥʳʭ ʨʘʚʥʦʚʝʩʠʷ, ʠʤʝʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ. ʀʩʧʦʣʴʟʫʷ ʧʦʣʝ ʜʚʫʭʬʘʟʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ss-PtTe2 ï Bi(L) ʤʦʞʥʦ ʚʳʨʘʱʠʚʘʪʴ 

ʢʨʠʩʪʘʣʣʳ ʬʘʟʳ ss-PtTe2 ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ, ʘ 

ʨʘʚʥʦʚʝʩʠʝ ss-PtBi2 ï Bi(L) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ss-PtBi2. ʂʨʦʤʝ 

ʪʦʛʦ ʚ ʩʠʩʪʝʤʝ ʝʩʪʴ ʜʚʫʭʬʘʟʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ss-PtTe2 ï Te(L), ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʚʳʨʘʱʠʚʘʪʴ ʢʨʠʩʪʘʣʣʳ ss-PtTe2, ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚ ss-PtTe2 ʧʨʠ ʣʶʙʦʤ ʩʦʩʪʘʚʝ ʞʠʜʢʦʛʦ Te 

ʦʩʪʘʝʪʩʷ ʙʣʠʟʦʢ ʢ ʙʝʩʧʨʠʤʝʩʥʦʡ ʬʘʟʝ PtTe2 (ʩʦʜʝʨʞʘʥʠʝ Bi ʤʝʥʝʝ 1 ʘʪ.%). ʆʜʥʘʢʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʢʨʠʩʪʘʣʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʤʠʥʠʤʫʤ ʜʦ 

600Áʉ, ʯʪʦʙʳ ʠʩʯʝʟʣʘ ʬʘʟʘ Bi2Te3, ʚʩʪʫʧʘʶʱʘʷ ʩ ss-PtTe2 ʚ ʜʚʫʭʬʘʟʥʦʝ ʠ ʪʨʝʭʬʘʟʥʦʝ 

(ʦʙʨʘʟʝʮ 9020, ʨʘʚʥʦʚʝʩʠʝ ss-PtTe2 ï Te(L) ï Bi2Te3; ʨʠʩ. 32) ʨʘʚʥʦʚʝʩʠʷ. 
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1.5.2.3 ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʧʨʠ 350Áʉ 

 

ʌʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Pt-Bi-Te ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Áʉ ʠʟʫʯʝʥʳ ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ: ʠʟ ʩʠʩʪʝʤʳ ʧʦʣʥʦʩʪʴʶ ʫʭʦʜʠʪ ʨʘʩʧʣʘʚ Te, ʘ ʨʘʩʧʣʘʚ Bi ʤʠʥʠʤʘʣʝʥ, 

ʯʪʦ ʩʠʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠ ʙʝʟ ʪʦʛʦ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʪʚʝʨʜʦʬʘʟʥʳʭ 

ʨʝʘʢʮʠʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʥʘʡʜʝʥʳ ʢʫʩʢʠ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʡ Pt ʩ 

ʨʝʘʢʮʠʦʥʥʦʡ ʢʘʡʤʦʡ (ʨʠʩ. 40) ʠʣʠ ʙʝʟ ʥʝʝ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʚʥʦʚʝʩʠʡ ʧʦʩʪʨʦʝʥʘ ʧʫʪʝʤ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʩ ʪʝʤʧʝʨʘʪʫʨ 450 ʠ 550Áʉ. 

 

 
ʈʠʩʫʥʦʢ 40. ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ 9087 (350ÁC) ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. 

 

ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ Pt-Bi-Te ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 350Áʉ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 41. 

ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 350Áʉ ʚ ʩʠʩʪʝʤʝ ʚʦʟʨʘʩʪʘʝʪ ʯʠʩʣʦ ʩʪʘʙʠʣʴʥʳʭ 

ʪʝʣʣʫʨʠʜʦʚ Bi, ʬʘʟʘ PtBi ʧʝʨʝʩʪʘʝʪ ʨʘʩʪʚʦʨʷʪʴ Te, ʩʫʞʘʝʪʩʷ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʠ ʬʘʟʳ 

ss-Pt2Bi3. ɺ ʮʝʣʦʤ, ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʦʩʪʘʶʪʩʷ ʪʝʤʠ ʞʝ, ʯʪʦ ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 450Áʉ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʚʥʦʚʝʩʠʷ Bi54Te46 ï ss-PtTe2 ï Bi(L): ʦʥʦ ʤʝʥʷʝʪʩʷ 

ʥʘ Bi62.5Te37.5 ï ss-PtTe2 ï Bi(L). 

 



52 

 

 
ʈʠʩʫʥʦʢ 41. ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ Pt-Bi-Te ʧʨʠ 350Áʉ. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʨʘʚʥʦʚʝʩʠʷ. 

 

 

1.5.2.4 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʧʨʠʨʦʜʥʳʤʠ ʠ 

ʧʦʣʫʯʝʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʤʘʩʣʦʚʠʪʘ ʚ ʩʠʩʪʝʤʝ Pt-Pd-Bi-Te 

 

ʅʘ ʨʠʩ. 42 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʣʫʯʝʥʥʦʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ 

Pt-Bi-Te ʜʣʷ 450Áʉ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʥʝʛʦ ʜʘʥʥʳʤʠ ʧʦ ʩʦʩʪʘʚʫ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʦʚ 

ʪʝʣʣʫʨʠʜʦʚ, ʚʠʩʤʫʪʠʜʦʚ ʠ ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʦʚ Pt.  
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ʈʠʩʫʥʦʢ 42. ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ Pt-Bi-Te ʧʨʠ 450Áʉ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ 

ʩʦʩʪʘʚʫ ʧʨʠʨʦʜʥʳʭ ʚʠʩʤʫʪʦʪʝʣʣʫʨʠʜʦʚ Pt. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʨʘʚʥʦʚʝʩʠʷ. ɸ = Ru, Rh, Au, Ag, Fe, Ni, Cu, Zn; B = As, Sb, Pb, Sn, Se, S. 

 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʝ ʚʦ ʚʩʝʤ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʠʨʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ:  

1) ʄʠʥʝʨʘʣʳ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ, ʦʪʤʝʯʝʥʥʦʡ 

ʟʝʣʸʥʳʤ ʧʫʥʢʪʠʨʦʤ, ʘʚʪʦʨʳ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʙʦʪ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʙʦʪʳ ʉʣʫʞʝʥʠʢʠʥʘ 

ʠ ʂʨʠʚʦʣʫʮʢʦʡ (2015), ʦʪʥʦʩʷʪ ʢ ʤʘʩʣʦʚʠʪʫ PtBiTe, ʢʦʪʦʨʳʡ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ 

ʂʦʚʘʣʝʥʢʝʨʘ ʠ ʜʨ. (1979), ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ. ʆʜʥʘʢʦ ʵʪʘ ʦʙʣʘʩʪʴ 

ʩʦʩʪʘʚʦʚ, ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ 

ss-PtTe2, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʩʭʦʞʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʦʥʯʝʠʪʘ PtTe2 (ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ 

ʩʠʥʛʦʥʠʷ). ʇʦʩʢʦʣʴʢʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʩʣʦʚʠʪʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʨʘʩʰʠʬʨʦʚʘʥʘ, ʘ ʙ·ʣɹʰʘʷ ʯʘʩʪʴ ʦʙʨʘʟʦʚʘʥʠʡ, ʦʪʥʝʩʝʥʥʳʭ ʢ ʤʘʩʣʦʚʠʪʫ, ʥʝ 

ʙʳʣʘ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠ ʠʟʫʯʝʥʘ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʥʘʡʜʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ; 
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2) ɺ ʨʘʙʦʪʘʭ ʉʣʫʞʝʥʠʢʠʥʘ ʠ ʂʨʠʚʦʣʫʮʢʦʡ (2015), Li  and Naldrett (1973), Cabri and 

Laflamme (1976) ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʠʥʩʠʟʚʘʠʪ PtBi2 ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Te ï 

ʚʳʭʦʜʷʱʠʤ ʟʘ ʛʨʘʥʠʮʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ss-PtBi2 

(ʵʪʘ ʦʙʣʘʩʪʴ ʧʦʢʘʟʘʥʘ ʢʨʘʩʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 42). ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʚ ʩʠʥʪʝʪʠʯʝʩʢʫʶ 

ʬʘʟʫ ss-PtBi2 ʤʦʞʝʪ ʚʭʦʜʠʪʴ ʥʝ ʙʦʣʝʝ 8 ʘʪ.% Te. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚʳ Li and Naldrett 

(1973) ʠ Cabri and Laflamme (1976) ʧʦʧʘʜʘʶʪ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʫʶ 

ʦʙʣʘʩʪʴ ʜʚʫʭʬʘʟʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ss-PtTe2 ï ss-PtBi2, ʘ ʩʦʩʪʘʚʳ ʉʣʫʞʝʥʠʢʠʥʘ ʠ 

ʂʨʠʚʦʣʫʮʢʦʡ (2015) ï ʥʘ ʦʙʣʘʩʪʴ ss-PtTe2. ʇʨʠ ʵʪʦʤ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʟʝʨʥʘ ʷʚʣʷʶʪʩʷ ʠʥʩʠʟʚʘʠʪʦʤ, ʝʩʪʴ ʪʦʣʴʢʦ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʠʟ ʨʘʙʦʪʳ Cabri and Laflamme (1976). ɺʘʞʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ ʠʟ ʵʪʠʭ ʨʘʙʦʪ ʩʦʜʝʨʞʘʪ ʥʝ 

ʪʦʣʴʢʦ Pt, Bi ʠ Te, ʥʦ ʠ ʧʨʠʤʝʩʠ Sb, Pd ʠ Sn: ʚ ʨʘʙʦʪʝ ʉʣʫʞʝʥʠʢʠʥʘ ʠ ʂʨʠʚʦʣʫʮʢʦʡ 

(2015) ʦʙʨʘʟʮʳ ʩʦʜʝʨʞʘʣʠ ʜʦ 23 ʘʪ.% Te, ʜʦ 5 ʘʪ.% Sb ʠ 8 ʘʪ.% Pd (ʚ ʦʜʥʦʤ ʦʙʨʘʟʮʝ); ʚ 

ʨʘʙʦʪʝ Li and Naldrett (1993) ʩʦʜʝʨʞʘʥʠʝ Te ʜʦʩʪʠʛʘʣʦ 14 ʘʪ.%, Sn ï ʦʢʦʣʦ 1 ʘʪ.%, ʘ Pd ï 

ʜʦ 4 ʘʪ.%; ʚ ʨʘʙʦʪʝ Cabri and Laflamme (1976) ʟʝʨʥʘ ʠʥʩʠʟʚʘʠʪʘ ʩʦʜʝʨʞʘʣʠ ʜʦ 14 ʘʪ.% 

Te, ʜʦ 4 ʘʪ.% Sb ʠ ʜʦ 2 ʘʪ.% Sn. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʞʥʦ 

ʩʚʷʟʘʪʴ ʩʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʚʣʠʷʥʠʝʤ ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (Sb, Sn, Pd), ʥʦ ʪʦʣʴʢʦ 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʟʝʨʥʘ ʷʚʣʷʶʪʩʷ ʠʤʝʥʥʦ ʠʥʩʠʟʚʘʠʪʦʤ (ʚ ʜʚʫʭ ʨʘʙʦʪʘʭ ʠʟ 

ʪʨʝʭ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ), ʘ ʥʝ ʚʳʩʦʢʦʟʘʤʝʱʝʥʥʳʤ ʤʦʥʯʝʠʪʦʤ 

ʠʣʠ ʩʪʨʫʢʪʫʨʦʡ ʨʘʩʧʘʜʘ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʩʠʩʪʝʤʳ Pt-Bi-Te ʬʘʟʫ PtBiTe ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʤʘʩʣʦʚʠʪʘ ʧʦʣʫʯʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʘ ʚ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʘʭ ʤʘʩʣʦʚʠʪʘ ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʨʠʤʝʩʴ Pd ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠ ʤʘʩʣʦʚʠʪ ʦʯʝʥʴ ʩʭʦʞ ʩ ʠʥʩʠʟʚʘʠʪʦʤ PtBi2 

ʠ ʤʘʡʯʥʝʨʠʪʦʤ PdBiTe (ʂʦʚʘʣʝʥʢʝʨ ʠ ʜʨ., 1979), ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʚʣʠʷʥʠʠ Pd ʥʘ 

ʩʪʘʙʠʣʠʟʘʮʠʶ ʤʘʩʣʦʚʠʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ PdBiTe-

PtBiTe-PtBi2 ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 14 ʦʙʨʘʟʮʦʚ ʠʟ ʩʠʩʪʝʤʳ Pt-Pd-Bi-Te ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

350 ʠ 450Áʉ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʟʫʯʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʈʉʄɸ ʠ ʈʌɸ. ʀʥʬʦʨʤʘʮʠʷ 

ʦ ʩʦʩʪʘʚʝ ʰʠʭʪʳ, ʨʝʟʫʣʴʪʘʪʘʭ ʈʉʄɸ ʠ ʈʌɸ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʇʨʠʣʦʞʝʥʠʠ ɸ 

(ʪʘʙʣ. ɸ5-ɸ6). ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘ ̫ʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʩ ʦʙʨʘʟʮʦʤ 9177 (ʨʠʩ. 43a), ʘ ʜʣʷ ʜʨʫʛʠʭ ï ʥʠʟʢʘ ̫(ʦʙʨʘʟʝʮ 9367; ʨʠʩ. 

43ʙ). ʅʠʟʢʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʩʢʘʟʳʚʘʣʘʩʴ ʥʘ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠ ̫ ʣʦʢʘʣʴʥʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ. 
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ʈʠʩʫʥʦʢ 43. ʕʣʝʢʪʨʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫʯʘʩʪʢʘ ʦʙʨʘʟʮʘ a) 9177 ʠ b) 9367 ʚ ʨʝʞʠʤʝ ʦʪʨʘʞʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʠ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʦʙʨʘʟʮʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʣʷ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʢʚʘʟʠʪʨʦʡʥʦʛʦ ʩʨʝʟʘ PdTe2-

PtTe2-PtBi2-PdBi2 (ʨʠʩ. 44) ʜʠʘʛʨʘʤʤʳ Pt-Pd-Bi-Te. ʇʦʤʠʤʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʥʘ ʜʠʘʛʨʘʤʤʫ ʪʘʢʞʝ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʩʦʩʪʘʚʳ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʤʠʥʝʨʘʣʦʚ, ʚʭʦʜʷʱʠʭ 

ʚ ʨʘʤʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʝʦʜʥʦʟʥʘʯʥʳ ʠ ʩʣʦʞʥʳ ʚ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʅʠ ʦʜʠʥ ʠʟ ʦʙʨʘʟʮʦʚ ʥʝ ʧʦʣʫʯʠʣʩʷ ʦʜʥʦʬʘʟʥʳʤ. ɺ ʦʙʣʘʩʪʠ, ʙʦʛʘʪʦʡ Pd ʠ 

Bi, ʩʠʩʪʝʤʘ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʢʚʘʟʠʪʨʦʡʥʦʡ, ʪ.ʢ. ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʩʪʝʤʝ Pd-Bi-Te (ʨʠʩ. 45; ʏʘʨʝʝʚʘ ʠ ʜʨ. 2024) ʚ ʨʘʚʥʦʚʝʩʠʠ ʥʘʭʦʜʠʪʩʷ ʙʠʥʘʨʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ PdTe ʩ Bi ʚʤʝʩʪʦ ʘʩʩʦʮʠʘʮʠʠ PdBi2 ʩ PdTe2 (ʠʣʠ PdBi2 ʩ PdBiTe). ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ (ʯʘʱʝ ʧʨʠ 450Áʉ) ʚʩʪʨʝʯʘʣʠʩʴ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʯʠʩʪʦʛʦ Bi ʠ ʬʘʟʳ ŬPdBi2. ʂʘʢ ʧʨʠ 350Áʉ, ʪʘʢ ʠ ʧʨʠ 450Áʉ ʚ ʦʙʣʘʩʪʠ 

ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʘʚʦʚ ʤʘʩʣʦʚʠʪʘ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʦʛʦ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ ʂʦʚʘʣʝʥʢʝʨʘ ʠ ʜʨ. 

(1979), ʥʘʙʣʶʜʘʣʠʩʴ ʘʩʩʦʮʠʘʮʠʠ ʤʘʡʯʥʝʨʠʪʘ ʩ ʤʦʥʯʝʠʪʦʤ, ʤʦʥʯʝʠʪʘ ʩ ʠʥʩʠʟʚʘʠʪʦʤ ʠʣʠ 

ʤʦʥʯʝʠʪʘ ʩ ʬʨʫʜʠʪʦʤ (ŬPdBi2). ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʣʠʙʦ 1) ʧʨʠʨʦʜʥʳʡ ʤʘʩʣʦʚʠʪ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʦʪʜʝʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʚʠʜ, ʘ 

ʥʘʩʳʱʝʥʥʘʷ Te ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʠʥʩʠʟʚʘʠʪʘ (PtBi2), ʣʠʙʦ 2) ʩʪʘʙʠʣʠʟʘʮʠʷ ʤʘʩʣʦʚʠʪʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʨʫʛʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʥʘʧʨʠʤʝʨ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠʣʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ). 
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ʈʠʩʫʥʦʢ 44. ʂʚʘʟʠʪʨʦʡʥʘʷ ʜʠʘʛʨʘʤʤʘ PdBi2-PdTe2-PtTe2-PtBi2 ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʨʠʨʦʜʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠ ʜʘʥʥʳʤʠ ʈʉʄɸ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 450Áʉ. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ Pt/(Pt+Pd+A), ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï

Te/(Bi+Te+B). ɸ = Ru, Rh, Au, Ag, Fe, Ni, Cu, Zn; B = As, Sb, Pb, Sn, Se, S. 
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ʈʠʩʫʥʦʢ 45. ʀʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ Pd-Bi-Te ʧʨʠ 450Áʉ (ʏʘʨʝʝʚʘ ʠ ʜʨ., 2024). 

ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʨʘʚʥʦʚʝʩʠʷ. 

 

ɻʣʘʚʘ II . ʇʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʣʘʪʠʥʦʚʳʭ ʬʘʟ 
 

 

ʇʨʝʜʧʠʥʷʪʳʝ ʥʘʤʠ ʧʦʧʳʪʢʠ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ ʧʥʠʢʪʠʜʦʚ 

ʧʣʘʪʠʥʦʠʜʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ ʚ ʨʘʩʧʣʘʚʘʭ ʛʘʣʦʛʝʥʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʥʝ ʫʚʝʥʯʘʣʠʩʴ 

ʫʩʧʝʭʦʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʪʘʢʘʷ ʚʘʨʠʘʮʠʷ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʫʧʥʳʭ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʤ) ʢʨʠʩʪʘʣʣʦʚ 

ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʠʤ ʤʝʪʦʜʦʤ ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ ʩʬʘʣʝʨʠʪʘ ZnS, ʜʦʧʠʨʦʚʘʥʥʳʝ ʵʣʝʤʝʥʪʘʤʠ ʧʦʜʛʨʫʧʧʳ ʤʝʜʠ (Cu, Ag) ʠ In. 

ɺʳʨʘʱʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠʤʝʩʝʡ, ʘ ʤʝʪʦʜ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 


























































































































































































