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1. Synthesize and characterization on Cu1.5Te NPs. 

 

Figure S1. Representative TEM micrographs of the Cu1.5Te NPs synthesized from two 

different Cu precursors: (a) Cu(CH3COO)2·H2O and (b) CuCl.  

 

Figure S2. comparison of powder XRD patterns of as-synthesized Cu1.5Te NPs 

produced from two precursors: Cu(CH3COO)2·H2O (black color) and CuCl (orange 

color). The reference pattern for the simulated XRD pattern of Cu1.5Te are also 

displayed.  
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Figure S3. (a) Additional HRTEM micrograph taken from the Cu1.5Te sample. Detail 

of the orange squared region and its corresponding power spectrum which reveals that 

this nanostructure has a crystal phase that is assigned to the Cu1.5Te cubic phase (space 

group = Pm-3n) with a=b=c=7.5100 Å. From the crystalline domain, the Cu1.5Te lattice 

fringe distances were measured to be 0.734 nm, 0.532 nm and 0.728 nm, at 43.44º and 

88.78º which corresponds to the Cu1.5Te cubic phase, visualized along its [010] zone 

axis. (b) Comparison between the experimental and the theoretical bulk plane spacing 

distances and angles between planes. 

 

  

  

Spot Experimental (nm) Cu1.5Te (Pm-3n) [010]

1 0.734 0.751 (001)

2 0.532 (43.44º vs Spot 1) 0.531(45.00º) (101)

3 0.728 (88.78º vs Spot 1) 0.751 (90.00º) (100)                                                                                                         

a

b
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2. Surface treatment with SeL solution. 

 

 

Figure S4. Representative TEM micrographs of Cu1.5Te nanoparticles (NPs) (a) before 

and (b) after SeL treatment. It is evident from the images that the NPs aggregate after 

surface treatment with SeL. 

 

Figure S5. (a) Schematic illustration of two surface treatment procedures on Cu1.5Te 

NPs. (b) Composition of Cu1.5Te NPs, Cu1.5Te-OL NPs, Cu1.5Te-SeL NPs and Cu1.5Te-

SeL supernatant obtained from ICP analysis. 
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Figure S6. (a) Powder XRD pattern of Cu1.5Te (black) and Cu1.5Te-SeL (orange) 

powder before annealing. The standard diffraction pattern of Te and Cu1.5Te are 

included as reference. (b) XRD pattern of Cu1.5Te-SeL powder after annealing at 

different temperature, indicating phase evolution during thermal treatment. The 

standard diffraction pattern of CuTe (JCPDS No. 00-022-0252) is included as reference. 

 

 

Figure S7. Additional EELS chemical composition maps of annealed Cu1.5Te-SeL 

particles obtained from the red squared area in the STEM micrograph. Individual Cu 

L2,3-edge at 931 eV (red), Te M4,5-edge at 572 eV (green) Se L2,3 –edge 1436 eV(orange) 

and O K-edge at 532 eV (blue) as well as its composites. 
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Figure S8. FTIR Spectra of Cu1.5-xTe-Cu2Se nanocomposites before and after 

annealing at 623 K for 1 h under Ar flow. 

 

 

Figure S9. (a) TEM images and size distribution histograms of Cu1.5Te NPs. (b) 

Average crystallite size of Cu1.5Te-SeL NPs, CuTe NPs, Cu2.72Te2 NPs and Cu1.81Te 

NPs calculated using Scherrer equation. 

 

3. Characterization on consolidated pellets. 
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Figure S10. XRD patterns of consolidated (a) Cu1.5Te and (b) Cu1.5Te-SeL pellets, the 

standard diffraction patterns of Cu1.81Te (JCPDS No. 10-0421), CuTe (JCPDS No. 00-

022-0252) and Cu2.72Te2 (JCPDS No. 00-043-1401) are included as reference. 

 

 

 

 

Figure S11. (a) Schematic illustration of post synthetic treatment of Cu1.5Te NPs with 

different ligands. Corresponding cross-sectional SEM images of (b) Cu1.5Te pellet, (c) 

Cu1.5Te-OL, and (d) Cu1.5-xTe-Cu2Se pellets. 
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Figure S12. (a) Differential scanning calorimetry (DSC) curves of Cu1.5-xTe-Cu2Se 

pellet collected in a consecutive heating (red) and cooling (black) cycle. (b) Specific 

heat of Cu1.5-xTe-Cu2Se pellet. 
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4. High temperature XRD and TE properties. 

 

 

Figure S13. (a) 2D heatmap of in-situ XRD characterization on: (a) Cu1.5Te (untreated) 

pellet; (b) Cu1.5Te-OL (treated with thiol/amine ligands only) pellet; and (c) Cu1.5Te-

SeL (treated with Se ligands) pellet in a complete heating-cooling (bottom-top) cycle. 

 

 

Figure S14. Temperature dependence of thermoelectric properties of Cu1.5Te ( ), 

Cu1.5Te-OL ( ) and Cu1.5-xTe-Cu2Se ( ) pellets in a consecutive heating and cooling 

process: (a) electric conductivity, σ; (b) Seebeck coefficient, S; and (c) power factor, 

PF. 
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5. Stability and repeatability. 

 

 

Figure S15. (a) Evolution of the electrical conductivity (σ), Seebeck coefficient (S) and 

power factor (PF) of the Cu1.5-xTe-Cu2Se sample for 5 consecutive heating-cooling 

cycles at a temperature range between 540 K and 590 K. (b) Time evolution of the 

Cu1.5Te-SeL sample during 10 h test. Reversibility of TE properties of Cu1.5-xTe-Cu2Se 

sample with several heating-cooling cycles: temperature-dependent TE performance of 

(c) electrical conductivity, (d) Seebeck coefficient and (e) power factor. 
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Figure S16. Temperature dependence of electrical conductivity, σ (a); Seebeck 

coefficient, S (b); thermal conductivity, κ (c); and TE figure of merit, ZT (d) of three 

Cu1.5Te-SeL pellets measured in heating and cooling cycle. Data from 3 samples is 

plotted with black, red, and blue circles, respectively. 

 

6. Anisotropic characterizations. 

 

Figure S17. Anisotropic characterizations. Temperature dependence of electrical 

conductivity, σ (a); Seebeck coefficient, S (b); power factor, PF (c) and XRD patterns 

(d) of Cu1.5-xTe-Cu2Se pellet in parallel and perpendicular directions. 
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Figure S18. The Rietveld refinement of in-situ XRD patterns of Cu1.5-xTe-Cu2Se pellet 

at different temperatures.  
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Table S1. Refined lattice parameters (from Rietveld refinement of the XRD patterns) of 

different crystal structures at corresponding temperatures. 

 

Area%c (Å)b (Å)a (Å)PhaseTemp

35.16.1193.9323.976Cu2.86Te2
RT

64.97.0104.0803.143CuTe

37.06.1103.9454.002Cu2.86Te2
373K

63.07.1574.0773.150CuTe

35.86.0873.9564.037Cu2.86Te2
473K

65.26.9394.1423.134CuTe

36.76.0843.9374.056Cu2.86Te2
503K

63.36.9254.0963.163CuTe

33.66.1443.9763.995Cu2.86Te2
553K

66.46.9324.0783.160CuTe

31.56.1103.9653.991Cu2.86Te2

603K 33.42.1108.3068.306Cu4Te3

35.15.9274.4584.458Te

31.86.1563.9573.983Cu2.86Te2

613K 32.72.1158.3118.313Cu4Te3

35.45.93464.4474.447Te

34.56.1103.9653.991Cu2.86Te2

603K 31.82.1148.3088.310Cu4Te3

33.75.9274.4584.458Te

31.16.1443.9763.995Cu2.86Te2
553K

35.22.1078.3038.301Cu4Te3

33.76.2224.4194.433Te

33.06.2213.9173.934Cu2.86Te2
503K

67.06.7514.1023.231CuTe

34.56.1233.9783.994Cu2.86Te2
453K

65.56.9284.0793.161CuTe

31.66.1173.9434.011Cu2.86Te2
373K

68.47.0294.0793.155CuTe

65.06.1093.9633.987Cu2.86Te2
RT

35.06.9804.0783.140CuTe
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Table S2. Relative densities of Cu1.5Te, Cu1.5-xTe-OL and Cu1.5-xTe-Cu2Se pellets 

obtained from absolute values measured with the Archimedes’ method. 

 

Cu1.5-xTe-Cu2SeCu1.5-xTe-OLCu1.5TeSample

6.596.426.16Crystal density (g/cm3)

6.076.125.79Measured density (g/cm3)

92.1%95.3%93.9%Relative density


