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Abstract: Ag,S,4Teys is an inorganic semiconductor with favorable ductility and thermoelectric performance,
showing potential for applications in wearable electronics. Recent studies have indicated that optimization of

preparation processes, such as annealing, can significantly enhance the ductility of the material, which is closely
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related to its phase composition and crystal structure. In this work, high-resolution synchrotron radiation powder
X-ray diffraction data of the Ag;Sy4Teys powder sample before and after annealing were collected over a
temperature range of 110-700 K. By combining Rietveld structural refinement, high-resolution transmission
electron microscopy, and atomic pair distribution function analysis, the influence of the annealing process on the
phase composition and structural evolution behavior of the powder samples was investigated in detail. The results
show that the pristine Ag,So4Tegs powder is predominantly amorphous, containing only a small amount of poorly
crystalline monoclinic phase. During heating, the material gradually crystallizes, first forming a monoclinic phase,
which subsequently transforms into mixed body-centered cubic (bcc) and face-centered cubic (fcc) phases. After
cooling back to room temperature, the sample remains in a mixed state of bcc-dominated cubic crystallinity and
amorphous phase. In contrast, the annealed powder sample already exhibits a mixed cubic crystalline/amorphous
state at room temperature, and no obvious phase transition behavior is observed during heating. Moreover, the
thermoelectric properties of Ag,S,4Teys bulk sample remain largely unaffected by the annealing process. This

study provides structural insights for further understanding the annealing-induced improvement in ductility of

41 %

Ag,Sy4Tey s materials.
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Fig. 1 BSE images of (a) pristine and (b) annealed Ag,S, 4Tey ¢ bulk samples, along
with EDS elemental distribution mappings of Ag, Te and S
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Fig.2 (a, b) SPXRD patterns (1=0.490027(0) A) and (c, d) DSC curves of (a, c) pristine and
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Fig. S1 BSE images of the (a) pristine and (b) annealed Ag,Sy sTep s bulk samples
Red circles indicate the selected regions for EDS point analysis

®S1 BRAFRGHEREERURLATESFNEFESL

Table S1 Atomic percentages of the element distribution at the designated detection
points in the pristine bulk sample

Point #1 #2 #3 #4 #5 #6 #7 Average
Ag/% 67.5 67.5 67.4 67.0 67.8 67.1 67.4 67.4
Te/% 19.5 19.7 19.7 19.6 19.6 19.3 19.4 19.5
S/% 13.0 12.8 12.9 13.3 12.6 13.6 13.2 13.1

xS BARREHREERUSLTRESHHRFESLE

Table S2 Atomic percentages of the element distribution at the designated detection
points in the annealed bulk sample

Point #1 #2 #3 #4 #5 #6 #7 Average
Ag/% 67.5 68.0 67.4 68.2 67.9 67.4 67.4 67.7
Te/% 19.5 19.3 19.7 19.0 19.5 19.8 19.9 19.5
S/% 13.0 12.7 12.9 12.8 12.6 12.8 12.7 12.8
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Table S3  Rietveld refinement of SPXRD data for the bcc Ag,Te phase
Temperature (p6r(i)s(1ilrfe) (p7r(i)s(1ilrfe) (pris3t?1?§:f<after (ar?r?gaﬁ d) (annjz?lgdl,(after
cycling) cycling)
No. of points 30052 30052 30057 30062 30059
No. of reflections 52 53 51 52 52
No. of parameters 15 16 16 16 16
Ry/% 1.84 1.84 2.08 2.20 2.12
Ry/% 3.12 4.12 3.78 3.05 3.66
GOF 4.54 5.02 5.48 2.20 2.98
a=b=c/A 5.1031(8) 5.1263(13) 5.0481(6) 5.0420(2) 5.0536(10)
Volume/A® 132.8930(4) 134.7170(6) 128.6440(3) 128.1770(9) 129.0650(4)
Usso/ A2 Agl 0.2084(6) 0.2077(7) 0.1917(18) 0.1861(18) 0.1892(13)
Tel 0.1068(7) 0.1102(13) 0.0887(7) 0.0944(15) 0.0955(9)
S1 0.1068(7) 0.1102(13) 0.0887(7) 0.0944(15) 0.0955(9)
Occupancy Agl 0.3333 0.3333 0.3522(15) 0.3333 0.3461(12)
Tel 0.6 0.6 0.6(6) 0.6 0.6
S1 0.4 0.4 0.3999(6) 0.4 0.4
% S4 SPXRD #{4RE fcc Ag,Te HHE Rietveld #&51&
Table S4 Rietveld refinement of the SPXRD data for the fcc Ag,Te phase
Temperature 7(.)0.K 300K 300 K .
(pristine) (annealed) (annealed, after cycling)
No. of points 30052 30062 30059
No. of reflections 58 62 58
No. of parameters 17 17 16
Ry/% 1.34 2.29 3.23
Ryp/% 2.44 4.01 5.43
GOF 2.87 3.13 4.42
a=b=c/A 6.4927(14) 6.4140(4) 6.3978(6)
Volume/A* 273.6970(10) 263.9000(3) 261.8700(4)
Useo/ A2 Agl 0.0546(4) 0.0547(3) 0.0550(4)
Ag2 0.1926(4) 0.1800(3) 0.1795(4)
Tel 0.1795(2) 0.1752(3) 0.1750(7)
S1 0.1795(2) 0.1752(3) 0.1750(7)
Occupancy Agl 0.1345(6) 0.1330(2) 0.1435(3)
Ag2 0.0703(6) 0.0766(2) 0.0613(3)
Tel 0.6050(7) 0.6060(3) 0.6094(4)
S1 0.3950(7) 0.3940(3) 0.3906(4)
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Fig. S2 (a, b) PDF spectra at different temperatures for (a) pristine and (b) annealed powder samples in the range of 240 A
with inset showing the PDF spectra in the short range of 2-6 A; (c, d) Synchrotron radiation X-ray PDF spectra of
(c) pristine powder at 700 K and (d) annealed powder at 300 K in the range of 2—6 A fitted with average structures from
the Im3m and Fm3m space groups, together with partial PDF data for different atomic pairs; (¢) Synchrotron radiation
X-ray PDF spectra for pristine Ag,S, 4Teg ¢ at 700 K in the range of 2-30 A
Blue circles are fitted using the average structures of the Im3m and Fm3m space groups, with the fitting model displayed
as a red line and the difference curve as a green line (with offset shown below the data and fit)
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Fig. S3  Synchrotron radiation X-ray PDF patterns of Ag,Sg4Teys powder (a) before annealing
at 600 K and (b) after annealing at 300 K

J. Inorg. Mater., 2026, 41(7): 939-946 www.jim.org.cn



