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1. Calculation of modulus 

The modulus can be calculated via sound speed. Shear modulus G and bulk 

modulus B and Young’s modulus E are calculated as follows [1]:  

   (S1) 

   (S2) 

   (S3) 

   (S4) 

where ρ is the density, vl and vt are longitudinal and transverse sound speed, υ is the 

Poisson’s ratio. 

 

2. Measurement of fracture toughness 

The measurement  of fracture toughness is based on the single-edge notched-

bending method. The sample with dimensions of 3 mm× 2 mm × 18 mm is cut with a 

pre-crack of 1.1 mm depth. The fracture toughness KIC can be obtained from the 

following equations [1]: 
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where F, S, W, B, and c are breaking force, supporting span distance (12 mm), sample 

height (3 mm), sample width (2 mm) and crack depth (1.1 mm), respectively. 

 

 

Figure S1. (a) Room-temperature bulk XRD patterns and (b) DSC heat flow curves for Ag2Se1-xTex 

(x = 0, 0.1, 0.3, 0.5, 0.7, 0.9, 1) samples. (c) EDS mapping of Ag, Se and Te for a typical composition, 

Ag2Se0.7Te0.3. 

 

 

Figure S2. XRD refinement for Ag2Se0.3Te0.7 with mixed phases. 
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Figure S3. (a)-(h) Compression stress-strain curves and (i) three-point bending stress-strain curves 

for Ag2Se1-xTex samples. 

 

 

Figure S4. Fractured surface morphologies of bent Ag2Se0.9Te0.1 showing typical intergranular 

morphology. 

 



 

Figure S5. (a) Measured sound speed and (b) derived bulk modulus B and shear modulus G for 

Ag2Se1-xTex samples. 

 

 

Figure S6. SEM images of the surfaces of Ag2Se0.9Te0.1 (a) before and (b) after compression (strain 

~ 10%). Slip bands on the surface are marked. 

 



 
Figure S7. SEM images of (a) Ag2Se and (b) Ag2Te after compression. Slip bands are marked by 

orange dashed lines. Confocal laser scanning microscopy (CLSM) images of (c) Ag2Se and (d) 

Ag2Te after compression. The compression strains of Ag2Se and Ag2Te are around 30% and 50%, 

respectively. 

 



 

Figure S8. TEM bright-field images for Ag2Se0.9Te0.1 with compression strain of 10%. Estimated 

dislocation densities are marked on each panel. 

 

 

Figure S9. HRTEM images for Ag2Se0.9Te0.1 with compression strain of 10%, showing coherent or 

semi-coherent interfaces. 

 



 

Figure S10. HRTEM image for Ag2Te with compression strain of ~48%, showing a semi-coherent 

boundary. 

 

 
Figure S11. Temperature dependence of (a) Seebeck coefficient, (b) electrical conductivity, (c) 

power factor and (d) thermal conductivity of Ag2Se1-xTex with optimized Ag content. 

 



 
Figure S12. Room-temperature (a) zT value and (b) Seebeck coefficient varying with Te content 

for stoichiometric and Ag-deficient Ag2Se1-xTex samples. 



 

Figure S13. (a)-(g) The relation of electrical conductivity σ with thermal conductivity κ for Ag2Se1-

xTex at room temperature. The red dashed line is the linear fitting of the scatters, and the intercept is 

estimated as the lattice thermal conductivity. (h) Room-temperature lattice thermal conductivity for 

Ag2Se1-xTex samples. 

  



Table S1 Ultimate compression strain and strength for Ag2Se1-xTex materials in this work and 

references. The data of Bi2Te3-based polycrystalline materials are included for comparison. 

Composition 
Compression Strain 

(%) 

Compression Strength 

(MPa) 
Reference 

Ag2Se 40 275 [2] 

Ag2Se 12 47 [3] 

Ag1.9Cu0.1Se 19 96 [3] 

Ag2Se/CNTs 8 99.5 [4] 

Ag2Te without domains 5.5 115 [5] 

Ag2Te with domains 13-16 140-160 [5] 

Ag2Te 24 (20-29) 94 (81-110) 

[6] 

Ag2Se0.04Te0.96 10 (4.5-25) 103 (74-128) 

Ag2Se0.08Te0.92 10 (4-21.5) 92 (49-180) 

Ag2Se0.12Te0.88 17 (13-20) 160 (144-170) 

Ag2Se0.16Te0.92 14 (6-19) 127 (95-143) 

Ag2Se0.2Te0.8 22 (15-35) 133 (90-152) 

Ag2Se 34.5 (29-40) 261.7 (205-301) 

This work 

Ag2Se0.9Te0.1 26.7 (20-29) 279.2 (206-308) 

Ag2Se0.7Te0.3 9.8 (6-13) 151.0 (128-165) 

Ag2Se0.5Te0.5 6.6 (5-10) 128.8 (112-150) 

Ag2Se0.3Te0.7 18 (10-24) 266.7 (210-325) 

Ag2Se0.2Te0.8 5.1 (4.3-6.3) 97.7 (92-106) 

Ag2Se0.1Te0.9 5.3 (3-6) 115.0 (93-135) 

Ag2Te 48.9 (47.8-50) 241.5 (207-276) 

Bi2Te2.7Se0.3 4 117 [7] 

Bi2Te2.9S0.1(TeI4)0.0012 5 230 [8] 

Bi2Te2.915S0.1 3 160 [9] 

Bi0.399Sb1.596Pb0.05Te3 4 200 [7] 

Bi0.4Sb1.6Te2.97 5 250 [10] 

Bi0.4Sb1.6Te3.72 2 78 [11] 

Bi0.5Sb1.5Te3 3.3 114 [12] 

Bi0.4Sb1.6Te3 2 91 [11] 

Bi0.4Sb1.6Te3 4 178 [10] 

Bi0.4Sb1.6Te3 2.5 60 [13] 
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