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Figure S1. Phase diagrams of Cu-Mo and Cu-Ta. 

 



 
Figure S2. SEM and EDS of Mo wire and Ta foil after diffusion. 

 

 

 

Figure S3. The schematic diagram of orthorhombic and cubic MTC growth processes. 

 

 

Figure S4. Optical image and Raman of Mo2C  

 



 

Figure S5. The optical images of orthorhombic and cubic MTC with different Mo/Ta 

atomic fraction of Ta and temperature. The scale bar is 20 μm. 

 

 

 

Table S1. Main characterizations of different synthetic technologies for TMCs 

 

Synthesis 

method 

Precursors and parameters 

2D TMC Size Thickness 

 

Ref. Metal/Carbon 

sources 

Substrate/etchi

ng solution 

CVD 
Mo foil; CH4 Cu foil Mo2C 

~10-

100 m 
~3-20 nm [1] 

Mo foil; CH4 Cu-Sn foil Mo2C ~5 m ~200 nm [2] 



Mo foil; CH4 Au foil Mo2C 
~10-20 

m 
>10 nm [3] 

V foil; CH4 Cu foil VC 
~4-77 

m 

~10-250 

nm 
[4] 

Chemical 

Exfoliation 

Ta4AlC3 50% HF Ta4C3 38 nm 1.325 nm [5] 

Hf3[Al(Si)]4C6 35% HF Hf3C2 200 nm 1.2 nm [6] 

Ti3AlC2 49% HF Ti3C2 2.5 μm \ [7] 

Ti3AlC2 LiF+HCl Ti3C2 5 μm 
1.3-400 

nm 
[8] 

(Mo2/3Sc1/3)2 

AlC 
48% HF Mo1.33C 1 μm \ [9] 

(V0.5Cr0.5)3AlC 50% HF 
(V0.5Cr0.5

)3C2 
28 nm \ [5] 

Template 

NH4)6Mo7O24·

4H2O; C6H8O7 
NaCl Mo2C 100 nm 20 nm 

[10] 

MoO2 NSs; 

glucose 
\ Mo2C 

~400 

nm 
∼1.0 nm [11] 

Magnetic 

Sputtering 

Mo2C target 
quartz plate 

substrate 
Mo2C \ 4.3-4.7 nm [12] 

Nb target; 

CH4; 

Si (100) 

substrates 
NbCx 

3.9-

40.6 

nm 

2 μm [13] 

CVD 

Mo foil; Ta 

wire; CH4 

Cu foil; 

anneal 30 min 

(Mo2/3Ta

1/3)2C 
84 m 21 nm This work 

Mo foil; Ta 

wire; CH4 

Cu foil; 

anneal 60 min 

(Mo0.13T

a0.87)C 
18 m 4 nm This work 
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