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1. Synthesize and characterization on CuisTe NPs.
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Figure S1. Representative TEM micrographs of the CuisTe NPs synthesized from two
different Cu precursors: (a) Cu(CH3C0OO)2-H»0 and (b) CuCl.
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Figure S2. comparison of powder XRD patterns of as-synthesized CuisTe NPs
produced from two precursors: Cu(CHzCOO)2-H20O (black color) and CuCl (orange
color). The reference pattern for the simulated XRD pattern of CuisTe are also

displayed.
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Figure S3. (a) Additional HRTEM micrograph taken from the CuisTe 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 CuisTe cubic phase (space
group = Pm-3n) with a=b=c=7.5100 A. From the crystalline domain, the Cus sTe lattice
fringe distances were measured to be 0.734 nm, 0.532 nm and 0.728 nm, at 43.44° and
88.78° which corresponds to the CuisTe cubic phase, visualized along its [010] zone
axis. (b) Comparison between the experimental and the theoretical bulk plane spacing

distances and angles between planes.
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2. Surface treatment with SeL solution.
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Figure S4. Representative TEM micrographs of CuysTe nanoparticles (NPs) (a) before
and (b) after SeL treatment. It is evident from the images that the NPs aggregate after

surface treatment with SeL.
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Figure S5. (a) Schematic illustration of two surface treatment procedures on CuisTe
NPs. (b) Composition of CuisTe NPs, CuisTe-OL NPs, CuisTe-SeL. NPs and CuysTe-

SeL supernatant obtained from ICP analysis.
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Figure S6. (a) Powder XRD pattern of CuisTe (black) and CuisTe-SeL (orange)
powder before annealing. The standard diffraction pattern of Te and CuisTe are
included as reference. (b) XRD pattern of CuisTe-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 CuisTe-Sel
particles obtained from the red squared area in the STEM micrograph. Individual Cu
L. 3-edge at 931 eV (red), Te Mas-edge at 572 eV (green) Se Lo 3—edge 1436 eV/(orange)
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and O K-edge at 532 eV (blue) as well as its composites.
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Figure S8. FTIR Spectra of CuisxTe-Cu.Se nanocomposites before and after

annealing at 623 K for 1 h under Ar flow.
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Figure S9. (a) TEM images and size distribution histograms of CuisTe NPs. (b)
Average crystallite size of CuisTe-SeL NPs, CuTe NPs, Cuz72Te2 NPs and CuygiTe

NPs calculated using Scherrer equation.

3. Characterization on consolidated pellets.
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Figure S10. XRD patterns of consolidated (a) CuisTe and (b) CursTe-SeL pellets, the
standard diffraction patterns of Cuis1Te (JCPDS No. 10-0421), CuTe (JCPDS No. 00-
022-0252) and Cuz72Te2 (JCPDS No. 00-043-1401) are included as reference.
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Figure S11. (a) Schematic illustration of post synthetic treatment of CuysTe NPs with
different ligands. Corresponding cross-sectional SEM images of (b) CuisTe pellet, (c)
CuysTe-OL, and (d) CuisxTe-CuzSe pellets.
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Figure S12. (a) Differential scanning calorimetry (DSC) curves of CuisxTe-Cu.Se
pellet collected in a consecutive heating (red) and cooling (black) cycle. (b) Specific

heat of Cu1s.xTe-CuzSe pellet.
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4. High temperature XRD and TE properties.
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Figure S13. (a) 2D heatmap of in-situ XRD characterization on: (a) CuisTe (untreated)
pellet; (b) CursTe-OL (treated with thiol/amine ligands only) pellet; and (c) CuisTe-

SeL (treated with Se ligands) pellet in a complete heating-cooling (bottom-top) cycle.
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Figure S14. Temperature dependence of thermoelectric properties of CuisTe (Q),
CuisTe-OL (@) and CuisxTe-CuoSe (©) pellets in a consecutive heating and cooling

process: (a) electric conductivity, o; (b) Seebeck coefficient, S; and (c) power factor,
PF.
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5. Stability and repeatability.
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Figure S15. (a) Evolution of the electrical conductivity (o), Seebeck coefficient (S) and
power factor (PF) of the CuisxTe-Cu.Se sample for 5 consecutive heating-cooling
cycles at a temperature range between 540 K and 590 K. (b) Time evolution of the
CuisTe-SeL sample during 10 h test. Reversibility of TE properties of Cuis.xTe-Cu.Se
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, o (a); Seebeck
coefficient, S (b); thermal conductivity, k (c); and TE figure of merit, ZT (d) of three
CuisTe-SeL pellets measured in heating and cooling cycle. Data from 3 samples is

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

6. Anisotropic characterizations.
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Figure S17. Anisotropic characterizations. Temperature dependence of electrical
conductivity, ¢ (a); Seebeck coefficient, S (b); power factor, PF (c) and XRD patterns

(d) of CuisxTe-CuoSe pellet in parallel and perpendicular directions.
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Figure S18. The Rietveld refinement of in-situ XRD patterns of Cuis.xTe-Cu.Se 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.

Temp Phase a(A) b (A) c(R) Area%
CuygTe, 3976 3932  6.119 35.1
RT

CuTe 3.143 4.080 7.010 64.9
Cuygle, 4002 3945  6.110 37.0

373K
CuTe 3.150 4.077 7.157 63.0
CuygTe, 4037 3956  6.087 35.8

473K
CuTe 3.134 4.142 6.939 65.2
CuyecTe, 4056 3937  6.084 36.7

503K
CuTe 3.163 4.096 6.925 63.3
CuyecTe, 3995 3976  6.144 33.6

553K
CuTe 3.160 4.078 6.932 66.4
CuygTe, 3991 3965  6.110 315
603K Cu,Te, 8.306 8.306 2.110 334
Te 4,458 4.458 5.927 35.1
CuygTe, 3983 3957  6.156 31.8
613K Cu,Te, 8.313 8.311 2.115 32.7
Te 4,447 4,447 5.9346 354
CuygTe, 3991 3965  6.110 34.5
603K Cu,Tey 8.310 8.308 2.114 31.8
Te 4,458 4,458 5.927 33.7
CuyecTe, 3995 3976  6.144 31.1

553K
Cu,Te, 8.301 8.303 2.107 35.2
Te 4,433 4,419 6.222 33.7
CuygTe, 3934 3917  6.221 33.0

503K
CuTe 3.231 4,102 6.751 67.0
CuygTe, 3994 3978  6.123 34.5

453K
CuTe 3.161 4.079 6.928 65.5
CuygeTe, 4011 3943  6.117 316

373K
CuTe 3.155 4.079 7.029 68.4
CuyecTe, 3987 3963  6.109 65.0

RT

CuTe 3.140 4.078 6.980 35.0
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Table S2. Relative densities of CuisTe, CuisxTe-OL and CuisxTe-Cu.Se pellets

obtained from absolute values measured with the Archimedes’ method.

Crystal density (g/cm3)

Measured density (g/cm?3) 5.79 6.12 6.07
Relative density 93.9% 95.3% 92.1%
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