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Chemicals used. The following chemicals were used for the reactions as received: Barod (Alfa
Aesar, 99.5%), Sr pieces (Sigma Aldrich, 99.5%), Ca granules (Sigma Aldrich, 99%), Pb ingot
(Alfa Aesar, 99.99%), Sc arc cast pellet (Alfa Aesar, 99.9%), Y ingot (Alfa Aesar, 99.9%), Ru
sponge (Alfa Aesar, 99.95%), Se powder (Sigma Aldrich, 99.5%), and Te pieces (Sigma
Aldrich, 99.999%).

Attempts to synthesize analogues of BasScTes.

We have tried various sealed-tube reactions to synthesize analogues of BasScTes by
substituting the Ba atom with Sr, Ca, and Pb; trivalent Sc with Y and Ru; Te atom with Se. The
heating profile of the synthesis of polycrystalline BasScTes was also used for these reactions.
However, all these attempts failed, and only binary phases were obtained. The details of the
reaction condition, reactants, and PXRD analysis are summarized in Table S1. The powder X-
ray diffraction (PXRD) patterns of the reaction products of these reactions are depicted in
Figure S1.

S1



Intensity (a.u.)

Table S1. Details of Compositions and PXRD Analysis of Attempted Reactions for the

Synthesis of Analogues of BasScTes Structure.

Reaction Loaded Reactants PXRD analysis of
code | composition product
(Major phases)

R1 BasScSes Ba (0.242 g, 1.76 mmol), Sc (0.0264 g, | BaSe and BaSes
0.587 mmol), Se (0.232 g, 2.936 mmol)

R2 BazYTes Ba (0.181 g, 1.317 mmol), Y (0.039 g, | BaTe and Y2Tes
0.438 mmol), Te (0.280 g, 2.194 mmol)

R3 Sr3ScTes Sr (0.1389 g, 1.585 mmol), Te (0.3373 g, | SrTe
2.643 mmol)

R4 Sr3YTes Sr (0.133 g, 1.517 mmol), Y (0.0449 g, SrTe and Y,Tes
0.505 mmol), Te (0.322 g, 2.523 mmol)

R5 CasScTes Ca (0.075 g, 1.871 mmol), Sc (0.0280 g, CaTe
0.622 mmol), Te (0.397 g, 3.111 mmol)

R6 CasYTes Ca (0.071 g, 1.771 mmol), Y (0.0525 g, CaTe
0.590 mmol), Te (0.377 g, 2.955 mmol)

R7 BasRuTes Ba (0.179 g, 1.303 mmol), Ru (0.044 g, RuTe, and BaTe
0.435 mmol), Te (0.277 g, 2.171 mmol)

R8 PbsScTes Pb (0.238 g, 1.150 mmol), Sc (0.017 g, PbTe
0.378 mmol), Te (0.245 g, 1.920 mmol)

R9 PbsYTes Pb (0.2305 g, 1.112 mmol), Y (0.039 g, PbTe
0.439 mmol), Te (0.237 g, 1.857 mmol)
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Figure S1: (a) Powder XRD patterns (reaction code R1-R4) and (b) (reaction code R4-R9) of product of reactions
attempted to synthesize analogues of BasScTes.
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Raman Spectroscopy Measurement. The Raman spectroscopy study of polycrystalline
BasScTes was carried out at 298(2) K. A circular pellet which was made of polycrystalline
BasScTes was placed under a Bruker SENTERRA 11 dispersive micro Raman spectrometer
equipped with a confocal microscope to collect the data from 50 to 3500 cm™at 4 cm !

resolution. An excitation wavelength of 532 nm was used to record the Raman spectrum.

Figure S2 shows the Raman spectrum of polycrystalline BasScTes that was collected at
298(2) K. Raman spectrum shows the presence of three intense bands at 90, 671.5, and 730
cmL. There are other relatively less intense bands around 114, 185.5, 307, and 391 cm~. The
strong bands at 671.5 cm~* and 730 cm™ could be assigned to the Ba—Te bond stretching. These
bands are close to the reported Ba—Te bands at 667 cm™ and 732 cm™ for Baln,Tes.! Raman
bond stretching frequencies of Sc—Te bonds are not reported in the literature. Hence, we could
not assign bands corresponding to the Sc—Te bond stretching. Future theoretical work will be

useful to interpret the observed Raman spectrum of BazScTes in detail.
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Figure S2: Raman spectrum of polycrystalline BasScTes.
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Table S2. Atomic Coordinates (x10%), Occupancies, and Equivalent Isotropic
Displacement Parameters (A2x103) for Modulated Structure of BasScTes at 100(2) K.

*

Label X y z Occupancy Ueq

Ba(1) 6143(2) -8(2) 5000 1 11(2)
Ba(2) -6157(2) -8(2) 0 1 10(2)
Te(2) 2380(2) 2(2) 5000 1 6(1)
Te(2) -2391(2) 3(2) 0 1 6(1)
Te(3) 6666.67 3333.33 2480(3) 1 7(2)
Te(4) 3333.33 -3333.33 -2480(3) 1 7(2)
Sc(1) 0 0 7463(9) 1 4(1)

“Ueq is defined as one third of the trace of the orthogonalized Ujj tensor.

Table S3. Anisotropic Displacement Parameters (A?x10%) for BasScTes at 100(2) K.

Label Uul U2 Uss Uiz Uis Uzs
Ba(1) 9(1) 7(1) 13(1) 2(1) 0 0
Ba(2) 10(1) 11(1) 12(1) 7(0) 0 0
Te(l) 6(1) 7(1) 5(1) 4(1) 0 0
Te(2) 7(0) 6(1) 5(1) 2(1) 0 0
Te(3) 6(1) 6(1) 9(1) 3(1) 0 0
Te(4) 6(1) 6(1) 9(1) 3(1) 0 0
Sc(1) 1) 1(1) 10(1) 11) 0 0
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Table S4. Fourier Components of The Displacive Modulation for Modulated Structure of
BasScTes at 100(2) K.

Label Vector AXis cos displacement  sin displacement
Ba(1) q(1) X 0.0096(3) 0

Ba(1) q(1) y 0.0203(3) 0

Ba(1) q(1) z 0 0.0011(4)
Ba(2) q(1) X -0.0107(3) 0

Ba(2) q(1) y -0.0204(3) 0

Ba(2) q(1) z 0 -0.0012(4)
Te(2) q(1) X -0.0046(4) 0

Te(2) q(1) y -0.0086(4) 0

Te(2) q(1) z 0 -0.0002(4)
Te(2) q(1) X 0.0042(4) 0

Te(2) q(1) y 0.0089(4) 0

Te(2) q(1) z 0 0.0001(4)
Te(3) q(1) X 0 0

Te(3) q(1) y 0 0

Te(3) q(1) z -0.0463(7) -0.0034(5)
Te(4) q(1) X 0 0

Te(4) q(1) y 0 0

Te(4) q(1) z -0.0472(7) 0.0035(5)
Sc(1) q(1) X 0 0

Sc(1) q(1) y 0 0

Sc(1) q(1) z -0.002(3) 0.0000(6)
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Table S5. Interatomic Lengths Distributions [A] for Modulated Structure of BasScTes at
100(2) K.

Label Average Distance Minimum Distance ~ Maximum Distance
Ba(1)-Ba(2)#1 4.139(3) 4.120(4) 4.149(4)
Ba(1)-Ba(2)#2 4.139(3) 4.120(4) 4.149(4)
Ba(1)-Te(1)#3 3.412(4) 3.383(5) 3.444(5)
Ba(1)-Te(1)#4 3.406(6) 3.370(8) 3.445(8)
Ba(1)-Te(2)#1 3.724(3) 3.717(3) 3.729(3)
Ba(1)-Te(2)#2 3.724(3) 3.717(3) 3.729(3)

Ba(1)-Te(3) 3.599(4) 3.490(5) 3.692(5)
Ba(1)-Te(3)#5 3.598(4) 3.490(5) 3.692(5)
Ba(1)-Te(4)#6 3.588(3) 3.485(4) 3.674(4)
Ba(1)-Te(4)#7 3.586(3) 3.485(4) 3.674(4)
Ba(2)-Te(1)#8 3.728(3) 3.720(3) 3.732(3)
Ba(2)-Te(1)#9 3.728(3) 3.720(3) 3.732(3)
Ba(2)-Te(2)#10 3.404(4) 3.370(5) 3.441(5)
Ba(2)-Te(2)#11 3.409(6) 3.380(8) 3.440(8)
Ba(2)-Te(3)#9 3.588(3) 3.501(4) 3.658(4)
Ba(2)-Te(3)#12 3.588(3) 3.501(4) 3.658(4)
Ba(2)-Te(4)#9 3.576(4) 3.496(5) 3.640(5)
Ba(2)-Te(4)#12 3.576(4) 3.496(5) 3.640(5)

Te(1)-Sc(1) 2.937(8) 2.929(13) 2.946(13)
Te(1)-Sc(1)#5 2.937(9) 2.929(13) 2.946(13)
Te(2)-Sc(1)#13 2.978(9) 2.970(13) 2.987(13)
Te(2)-Sc(1)#5 2.978(9) 2.970(13) 2.987(13)
Te(3)-Te(3)#7 3.384(6) 2.834(7) 3.944(7)
Te(4)-Te(4)#7 3.395(7) 2.824(7) 3.955(7)
Sc(1)-Sc(1)#5 3.37(2) 3.35(2) 3.38(2)

Symmetry transformations used to generate equivalent atoms:

(1) x1+1,x2,x3,x4 (2) x1+1,x2,x3+1,x4 (3) -x2+1,x1-x2,x3,x4 (4) -x1+x2+1,-x1,x3,x4 (5)
X1,X2,-x3+1,-x4 (6) x1,x2,x3+1,x4 (7) X1,x2,-x3,-X4 (8) x1-1,x2,x3-1,x4 (9) x1-1,x2,x3,x4
(10) -x2-1,x1-x2,x3,x4 (11) -x1+x2-1,-x1,x3,x4 (12) x1-1,x2,-x3,-x4 (13) x1,x2,x3-1,x4 (14)
-X2,X1-x2-1,x3,x4 (15) -x1+x2+1,-x1+1,x3,x4 (16) -x2,x1-x2+1,x3,x4 (17) -x1+x2-1,-x1-
1,x3,x4 (18) -x2+1,x1-x2+1,x3,x4 (19) -x1+x2,-x1,x3,x4 (20) -x2,x1-x2-1,x3-1,x4 (21) -
x1+x2+1,-x1,x3-1,x4 (22) -x2,x1-x2,x3,x4 (23) -x1+x2,-x1-1,x3,x4 (24) -x2,x1-x2,x3+1,x4
(25) -x1+x2,-x1,x3+1,x4
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Table S6. Atomic Coordinates (x 10%), Fourier Components of the Displacive Modulation
(x 10%), Occupancies, and Equivalent Isotropic Displacement Parameters (A2 x 103) for
BasScTes at 100(2) K.

Atom Wave X y z Occupancy  Ueq

Ba(1) 0 6143(2) -8(2) 5000 1 11(1)
sin,1 0 0 11(4)
cos,1 96(3) 203(3) 0

Ba(2) 0 -6157(2) -8(2) 0 1 10(1)
sin,1 0 0 -12(4)
cos,1 -107(3) -204(3) 0

Te(1) 0 2380(2) 2(2) 5000 1 6(1)
sin,1 0 0 -2(4)
cos,1 -46(4) -86(4) 0

Te(2) 0 -2391(2) 3(2) 0 1 6(1)
sin,1 0 0 1(4)
cos,1 42(4) 89(4) 0

Te(3) 0 6666.67 3333.33 2480(3) 1 7(1)
sin,1 0 0 -34(5)
cos,1 0 0 -463(7)

Te(4) 0 3333.33 -3333.33 -2480(3) 1 7(1)
sin,1 0 0 35(5)
cos,1 0 0 -472(7)

Sc(1) 0 0 0 7463(9) 1 4(1)
sin,1 0 0 0(6)
cos,1 0 0 -20(30)
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Table S7. Fourier Components of the Thermal Parameters Modulation (A2 x 103) for

BasScTes at 100(2) K.

Atom Wave Un U2 Uss Uiz Uis Uazs
Ba(1) 0 9(1) 7(1) 13(1) 2(1) 0 0
sin,1 0 0 0 0 61 -4(0)
cos,1 5(2) 2(2) 3(2) 1(2) 0 0
Ba(2) 0 10(1) 11(1) 12(1) 7(1) 0 0
sin,1 0 0 0 0 2) 3
cos,1 5(2) 2(2) 2(2) 12) 0 0
Te(L) 0 6(1) 7(1) 5(1) 4(1) 0 0
sin,1 0 0 0 0 A1) 1)
cos,1 1(2) 2(2) 0(2) 0(2) 0 0
Te(2) 0 7(1) 6(1) 5(1) 2(1) 0 0
sin,1 0 0 0 0 A1) 0Q)
cos,1 1(2) 2(2) 0(2) 0(2) 0 0
Te(3) 0 6(1) 6(1) 9(1) 3(1) 0 0
sin,1 0(2) 0(2) 17(3) 0(1) 0 0
cos,1 1(1) 1(1) 122) 0 0 0
Te(4) 0 6(1) 6(1) 9(1) 3(1) 0 0
sin,1 0(2) 0(2) 15(3) 0(1) 0 0
cos,1 -1(2) -1(2) 11(2) 0(1) 0 0
Sc(1) 0 1(1) 1(1) 10(1) 1(1) 0 0
sin,1 0(4) 0(4) 1(10) 0(2) 0 0
cos,1 0(1) 0(1) -1(2) 0(1) 0 0
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