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Supplementary Materials

Table S1. Final atomic parameters for AgSnBiSes from Rietveld refinement Fullprof using XRD data
using cubic model at room temperature. Selected Bond distances (A) and angles (degrees).

Lattice (A) Atoms Wyckoff Xy oz Occ.
1="5.86180(6) A Sel la 0 0 0 1.0000
SpGR Pm-3m Se2 3¢ o Y2 0 3.0000
Agl 3d % 0 0 0.4173
Bil 3d “ 0 0 1.4173
Rb=3.32 Snl 3d “ 0 0 0.9173
Rwp=4.44 Ag2 1b Vo Voo 0.5363
Sn2 1b Voo Va2 0.3363
Bi2 1b o Vo 0.2363
Bi1/Sn1/Agl-Sel: 2.93090(3) A  Bi2/Sn2/Ag2-Se2: 2.93090(3) A Sel-Ag/Sn/Bi-Sel: 180.0° Sel-
Ag/Bi/Sn/-Se2

Table S2. Final atomic parameters for AgSnBiSes from Rietveld refinement Fullprof using XRD data
using tetragonal model at room temperature. Selected Bond distances (A) and angles (degrees).

Lattice (A) Atoms Wyckoff X Yy z Occ.
a=4.14361(16) A Sel la 0 0 0 1.0000
c=5.8633(4) A Se2 1d Voo 1.0000
SpGR  P4/mmm Agl 1b 1 0 W% 0.1700
Bil 1b 1 0 % 0.4100
Rb=5.72 Snl 1b 1 0 W 0.4200
Rwp =4.88 Ag2 1c Vo0 0.5000
Sn2 1c B0 0.2400
Bi2 1c v o0 0.2600

Bil/Sn1/Agl-Sel: 2.93165(20) A  Bi2/Sn2/Ag2-Se2: 2.93165(20) A Sel-Ag/Sn/Bi-Sel: 180.0° Sel-
Ag/Bi/Sn/-Se2
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Table S3. Cell parameters of AgSn[Bii-xSbx]Ses and AgSnz[Bii-xSbx]Ses systems indexed on cubic Pm-
3m and tetragonal P4/mmm space groups.

Compound ac(A) V (cubic, A3) a= bt (A) ct (A) V (tetragonal, A3)
AgSn:2Sbo2BiosSes 6.013 217.5 4252 6.020 108.8
AgSnaSbosBio2Ses 5.886 203.9 4.160 5.890 101.9

AgSnBiSes 5.861 202.1 4.144 5.863 101.3
AgSnSbosBiosSes 5.851 200.5 4.135 5.853 100.1
AgSnSbosBio2Ses 5.846 199.8 4.133 5.847 99.89
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Figure S1. Representative powder XRD data for AgSn[BiosSboz]Ses tetragonal model (a) and

AgSn2[BioaSbos]Ses cubic model (b) including profile fit, profile difference, and profile residuals from

the corresponding Rietveld refinement using MAUD program. The intensities are plotted as the

intensity *Q or Intensity to show low-intensity reflections as well. The extra reflection for

AgSnaSbo2BiosSes was indexed to SnSe (Pnma space group) with 3.0(4)-4.0(5) in weight %.
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Figure S2. SEM micrographs of AgSnBiSes sintered and (a) and AgSnSbSes (b) sintered at 673 K 24 h
and 973 K 12 h in argon atmosphere. SEM- BS image of crystal morphology (c) and EDS spectra (d)
with Chi-sqd =1.29, Livetime = 60.0 Sec., Volt= 20 kV, Take-off Angle=28.77 deg .
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Figure S3. XRD patterns of AgSnMSes (2) M = Sb (powder sample), (b)) M = Bi sintered at 673 K in
Ar during 12 h (c) M =Bi sintered at 923 K in air during 24 h (d) M = Bi (powder sample).
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Figure S4. A representative XRD patterns heating/cooling from RT (bottom) up to 77 K of AgSnBiSes.
The final heat treatment is shown in top XRD pattern at 298 K.

Supplementary Materials: The following materials are available online at www.mdpi.com/xxx/s1. Table 51 and
S2: Final atomic parameters determined through Rietveld refinement using the Fullprof program; Figure SI:
Powder XRD data obtained for the AgSnm[Bii-xSbx]Sem+2 samples from the corresponding Rietveld refinement
data; Table S3: Cell parameters of AgSn[Bii~Sbx]Ses and AgSn:[Bii~Sbx]Ses; Figure S2: SEM-BS images and ED
spectrum of AgSnBiSes; Figure S3: XRD patterns of the sintered samples; Figure S4: Representative XRD patterns
of the samples obtained upon heating/cooling from RT (bottom) to 77 K.
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