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            Abstract
Metastable 1T′-phase transition metal dichalcogenides (1T′-TMDs) with semi-metallic natures have attracted increasing interest owing to their uniquely distorted structures and fascinating phase-dependent physicochemical properties. However, the synthesis of high-quality metastable 1T′-TMD crystals, especially for the group VIB TMDs, remains a challenge. Here, we report a general synthetic method for the large-scale preparation of metastable 1T′-phase group VIB TMDs, including WS2, WSe2, MoS2, MoSe2, WS2xSe2(1−x) and MoS2xSe2(1−x). We solve the crystal structures of 1T′-WS2, -WSe2, -MoS2 and -MoSe2 with single-crystal X-ray diffraction. The as-prepared 1T′-WS2 exhibits thickness-dependent intrinsic superconductivity, showing critical transition temperatures of 8.6 K for the thickness of 90.1 nm and 5.7 K for the single layer, which we attribute to the high intrinsic carrier concentration and the semi-metallic nature of 1T′-WS2. This synthesis method will allow a more systematic investigation of the intrinsic properties of metastable TMDs.
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                    Fig. 1: Crystal structure and characterization of WS2.


Fig. 2: Structural characterization of 1T′-WS2.


Fig. 3: Characterization of 1T′- and 2H-WS2.


Fig. 4: Device configuration and electrical transport properties of devices made of 1T′-WS2 (90.1 nm), 1T′-WSe2 (71.2 nm), 1T′-WS2xSe2(1−x) (x = 0.796) (14.9 nm) and 1T′-WS2xSe2(1−x) (x = 0.472) (50.2 nm).



                


                
                    
                
            

            
                Data availability

              
              The X-ray crystallographic coordinates for the structure reported in this study have been deposited at the Cambridge Crystallographic Data Centre under deposition numbers CSD 2062455, 2062456, 2062457 and 2062458. These data can be obtained free of charge from https://www.ccdc.cam.ac.uk/. Other data that support the findings of this study are available from the corresponding author upon reasonable request.
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