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INTRODUCTION

The study of structure-property relationships of transition metal chalcogenides is an active area in solid-state chemistry owing to a variety of applications to thermoelectric properties, magnetism, superconductivity, magnetoresistance, and charge density waves (CDW). [START_REF] Aydemir | YCuTe2: a member of a new class of the thermoelectric materials with CuTe4-based layered structure[END_REF][START_REF] Margadonna | Crystal structure of the new FeSe1-x superconductor[END_REF][START_REF] Park | K2Cu5Te5, a Novel Mixed-Valence Layered Compound with Metallic Properties[END_REF][START_REF] Lee | Band-Gap Tuning and Linear Magnetoresistance in the Silver Chalcogenides[END_REF][START_REF] Joshi | Short-range charge density wav order in 2H-TaS2[END_REF] The ternary and quaternary compounds such as Ba2MnQ3, [START_REF] Greaney | Studies on the Linear Chain Antiferromagnets: Ba2MnX3 (X = S, Se, Te) and Their Solid Solutions[END_REF] (BaF)2Fe2-xQ3, [START_REF] Sturza | Tuning the Magnetic Properties of New Layered Iron Chalcogenides (BaF)2Fe2-xQ3 (Q = S, Se) by Changing the Defect Concentration on the Iron Sublattice[END_REF] and AFeS2 (A = K and Rb) [START_REF] Bronger | The Antiferromagnetic Structures of KFeS2, RbFeS2, KFeSe2, and RbFeSe2 and the Correlation between Magnetic Moments and Crystal Field Calculations[END_REF] are examples that show interesting magnetic behavior. Furthermore, layered structures such as K2Cu5Te5, [START_REF] Park | K2Cu5Te5, a Novel Mixed-Valence Layered Compound with Metallic Properties[END_REF] MQ2 (M = V, Nb, and Ta; Q = S, Se, and Te), [START_REF] Chia | Electrocatalysis of layered Group 5 metallic transition metal dichalcogenides (MX2, M = V, Nb[END_REF] PtTe2 10 are metallic, and compounds like FeSe, 2 NbSe2, [START_REF] Pervin | Coexistence of superconductivity and ferromagnetism in defect-induced NbSe2 single crystals[END_REF] NbTe4, [START_REF] Yang | Pressure induced superconductivity bordering a charge-density-wave state in NbTe4 with strong spin-orbit coupling[END_REF] and MoTe2 13 are a few examples of superconducting chalcogenides. In the past few decades, metal chalcogenides with narrow band gaps and low thermal conductivities have been of interest for their promising thermoelectric properties. Examples include AkM2Te4 (Ak = Sr, Ba, M = Sc, Y), [START_REF] Assoud | Thermoelectric properties of the new tellurides SrSc2Te4 and BaSc2Te4 in comparison to BaY2Te4[END_REF] BaCu2-xAgxTe2, [START_REF] Yang | Realizing High Thermoelectric Performance in BaCu2-xAgxTe2 through Enhanced Carrier Effective Mass and Point-Defect Scattering[END_REF] Ba3Cu14-xTe12, [START_REF] Assoud | Thermoelectric Properties of the New Polytelluride Ba3Cu14-δTe12[END_REF] and YCuTe2. [START_REF] Aydemir | YCuTe2: a member of a new class of the thermoelectric materials with CuTe4-based layered structure[END_REF] The structural chemistry of metal chalcogenides is also very rich. Many of the metal chalcogenides are layered, but there are more complicated structures ranging from zerodimensional to three-dimensional. The chalcogen (Q = S, Se, and Te) atoms in these structures often show homoatomic bonding with a variety of Qn x-units, something not possible with oxides.

The tendency of chalcogens to form Q•••Q units is relatively more prominent for Te than for S or Se atoms. [START_REF] Ibers | Tellurium in a twist[END_REF] Thus, a large number of metal tellurides crystallize in the new structure types with intricate structures. The Te atoms in these metal tellurides form a wide range of polyanions (Qn x-) starting from the simplest Te2 2-units, [START_REF] Ibers | Tellurium in a twist[END_REF] oligomeric motifs Ten 2-, [START_REF] Graf | Solid State Polyselenides and Polytellurides: A Large Variety of Se-Se and Te-Te Interactions[END_REF] one-dimensional infinite chains of Te-Te-Te (e.g., LaCu0.40Te2, [START_REF] Huang | 0.40Te2[END_REF] GdCu0.33Te2, [START_REF] Huang | 0.40Te2[END_REF] and Gd3Cu2Te7 [START_REF] Huang | Gd3Cu2Te7 and U2Cu0.78Te6: Two Examples of Linear Te Chains[END_REF] ), and square nets of Te atoms in Cu0.66EuTe2, [START_REF] Patschke | Cu0.66EuTe2, KCu2EuTe4 and Na0.2Ag2.8EuTe4: compounds with modulated square Te nets[END_REF] KCu2EuTe4, 21 Na0.2Ag2.8EuTe4, [START_REF] Patschke | Cu0.66EuTe2, KCu2EuTe4 and Na0.2Ag2.8EuTe4: compounds with modulated square Te nets[END_REF] and K0.33Ba0.67AgTe2. [START_REF] Zhang | Distorted Square Nets of Tellurium in the Novel Quaternary Polytelluride K0.33Ba0.67AgTe2[END_REF] The compositions of such new tellurides are difficult to predict. Thus, exploratory solid statesynthesis is the most effective route to the discovery of new chalcogenides with interesting structures and properties.

The ternary Ak-Sc-Te system (Ak = Mg, Ca, Sr, and Ba) contains only two compounds, BaSc2Te4 and SrSc2Te4, that adopt the well-known CaFe2O4 structure type. [START_REF] Assoud | Thermoelectric properties of the new tellurides SrSc2Te4 and BaSc2Te4 in comparison to BaY2Te4[END_REF] In this report, we present the synthesis and crystal structure of the first polytelluride Ba3ScTe5 of the Ak-Sc-Te ternary system. Its structure is modulated. The subcell structure of this compound features linear infinite Te-Te-Te chains. We have also studied the physical properties of Ba3ScTe5, including optical bandgap and temperature-dependent resistivity studies along with its electronic structure.

EXPERIMENTAL METHODS

Syntheses. Caution! 238 U is an α-emitting radioisotope and as such is considered a health risk. Its use requires appropriate infrastructure and personnel trained in the handling of radioactive materials.

The following reactants were used as obtained: Ba (Johnson Matthey, 99.5 %), Te (Aldrich, 99.8 %), and Sc (Alfa Aesar, 99.9 %). Depleted U powder was obtained by hydridization and decomposition of turnings (IBI Labs) in a modification [START_REF] Bugaris | structures, and magnetic and optical properties of the compounds [Hg3Te2[END_REF] of a previous literature method. [START_REF] Haneveld | Some Ternary Uranium Chalcogenides[END_REF] "U-assisted" Synthesis of Crystals of Ba3ScTe5. The black irregular-shaped crystals of Ba3ScTe5 were first obtained from a reaction of Ba (34.6 mg, 0.252 mmol), U (10.0 mg, 0.042 mmol), Sc (3.8 mg, 0.084 mmol), and Te (85.8 mg, 0.672 mmol) during exploration of the quaternary Ba/Sc/U/Te system. The reactants were weighed inside an Ar-filled dry box. The reaction mixture was transferred into a carbon-coated fused-silica tube that was then evacuated and flame sealed under a vacuum (ca. 10 -4 Torr). The tube was placed in a programmable furnace for heat treatment. The temperature of the furnace was first ramped up to 1043 K in 24 h, and then the reaction was allowed to equilibrate at this temperature for 24 h before ramping up the temperature to 1173 K in 24 h. The temperature of the furnace was held constant at 1173 K for 199 h, and finally the reaction mixture was allowed to cool down to 373 K in 263 h. The composition of the products of the reaction was analyzed using the energy dispersive X-ray analysis (EDX) with the use of a Hitachi S3400 scanning electron microscope. The EDX study on black irregular shaped crystals showed the presence of Ba3ScTe5 (Ba:Sc:Te ≈ 3:1:5). The secondary phases present in the reaction product were black plate-shaped crystals of UOTe (U:Te ≈ 1:1), [START_REF] Murasik | Neutron Diffraction Measurements on Antiferromagnetic UOTe at 4.2 o K[END_REF] and yellow blocks of BaTe (Ba:Te ≈ 1:1). [START_REF]Crystal Structures[END_REF] Rational Synthesis of Crystals of Ba3ScTe5.The crystals of Ba3ScTe5 were successfully synthesized by loading the stoichiometric amounts of Ba (94.1 mg, 0.69 mmol), Sc (10.3 mg, 0.23 mmol), and Te (145.7 mg, 1.14 mmol) into a carbon-coated fused-silica 6 mm (inner diameter) tube inside an Ar filled glove box. The tube was sealed with a flame torch under vacuum (ca. 10 -4 Torr) and then it was placed vertically in an alumina crucible inside the computer-controlled chamber furnace. The following heating profile was used: The temperature was ramped up to 1223 K within 36 h and then the tube was annealed there for 96 h. After that, the reaction mixture was cooled to 772 K at the rate of 3.98 K/h and finally the furnace was turned off. After the completion of the reaction, a black solid lump was obtained. Black irregularshaped crystals of Ba3ScTe5 were found after breaking the black lump. Also present were BaTe crystals.

Synthesis of Polycrystalline Ba3ScTe5. The polycrystalline sample of Ba3ScTe5 was synthesized for physical property measurement by loading stoichiometric amounts of Ba (188.13 mg, 1.370 mmol), Sc (20.529 mg, 0.456 mmol), and Te (291.34 mg, 2.283 mmol) in a carboncoated fused-silica tube under an Ar atmosphere inside a glove box. The tube was evacuated (ca. 10 -4 Torr) and sealed. Then the tube was kept in a programmable muffle furnace and was heated to 1173 K in 36 hours. It was kept at 1173 K for four days and then the furnace was switched off.

Next the cooled product was ground into fine powder inside the Ar-filled glove box. From the PXRD study, the polycrystalline product was found to be almost single phase Ba3ScTe5 along with a minute amount of cubic BaTe.

Crystal Structure Determination. The single-crystal X-ray diffraction data on Ba3ScTe5 crystal that was obtained by the "U-assisted reaction" were collected at 100(2) K with the use of a Bruker APEX2 kappa diffractometer equipped with graphite-monochromized Mo-Kα radiation (λ = 0.71073 Å). The data collection strategy was optimized with the use of the algorithm COSMO in the APEX2 package as a series of ω and φ scans. 27 Scans of 0.3º at 20 s/frame were used. The detector to crystal distance was 50 mm. The collection of intensity data as well as cell refinement and data reduction were carried out with the use of the program APEX2. 27 Precession images of the data set showed additional satellite reflections indicative of a modulated structure. The substructure of Ba3ScTe5 was solved and refined in a straightforward manner in the hexagonal space group P63/mcm with the use of the SHELX-14 algorithms of the SHELXTL program package. [START_REF] Sheldrick | A short history of SHELX[END_REF]29 Face indexed absorption, incident beam, and decay corrections of the substructure were performed with the use of the program SADABS. 29 The thermal parameter of one of the crystallographically independent Te atom was found to be cigar-shaped.

The program STRUCTURE TIDY [START_REF] Gelato | STRUCTURE TIDY -a computer program to standardize crystal structure data[END_REF] in PLATON [START_REF] Spek | A Multipurpose Crystallographic Tool[END_REF] was used to standardize the atomic positions of the substructure. V (Å 3 ) 605.98 (7) ρ (g cm -3 ) 6.001 [START_REF] Margadonna | Crystal structure of the new FeSe1-x superconductor[END_REF] where q = 0.0059 for data collected at 100(2) K.

μ (mm -1 ) 21.89 R(F) b 0.029 Rw(Fo 2 ) c 0.067 a Space group is D 3 ,6h-P63/mcm, λ = 0.71073 Å, Z = 2. b R(F) = Σ ||Fo| -|Fc|| / Σ |Fo| for Fo 2 > 2σ(Fo 2 ). c Rw(Fo 2 ) = {Σ [w(Fo 2 -Fc 2 ) 2 ] /Σ wFo 4 } 1/2 . For Fo 2 < 0, w -1 = σ 2 (Fo 2 ); for Fo 2 ≥ 0, w -1 = σ 2 (Fo 2 ) + (qFo 2 )
Face-indexed absorption corrections for the incommensurate supercell were performed with the programs X-SHAPE2 [START_REF] Stoe | [END_REF] and JANA2006. [START_REF] Oszlányi | Ab initio structure solution by charge flipping[END_REF][START_REF] Oszlányi | Ab initio structure solution by charge flipping. II. Use of weak reflections[END_REF][START_REF] Petricek | Crystallographic Computing System JANA2006: General features[END_REF] Further details are given in Tables 1,2, and 3 and in the Supporting Information. 

α/S = (1 -R) 2 /2R (1) 
Here α, R, and S denote the absorption coefficient, reflectance coefficient, and scattering coefficient, respectively. The Tauc plot was used to estimate the band gap:

(αhν) n = A(hν -Eg) (2)
Here the symbols h, ν, n, A, and Eg stand for Planck's constant, frequency of light, a constant that decides the band gap nature, proportionality constant, and band gap, respectively.

The n = 2 value signifies a direct band gap and n = ½ signifies an indirect band gap.

Temperature-Dependent Resistivity Studies. The resistivity data as a function of temperature were collected on a polycrystalline compact pellet of Ba3ScTe5. The circular pellet with a thickness of ≈ 1.4 mm and a diameter of 8 mm was obtained by compacting the polycrystalline powder by applying a pressure of ≈ 10.3 MPa. The resulting compacted disk was further sintered at 923 K inside an evacuated carbon-coated fused-silica tube for ten hours. Fourprobe resistivity data were measured between 75 K and 300 K using equipment and procedures described previously. [START_REF] Jana | Synthesis and Characterization of Ba2Ag2Se2Se2[END_REF] Electronic Structure Calculations. The calculations were carried out with the VASP (Vienna ab Initio Simulation Package) [START_REF] Kresse | Efficiency of ab-initio total energy calculations for metals and semiconductors using a plane-wave basis set[END_REF][START_REF] Kresse | From ultrasoft pseudopotentials to the projector augmented-wave method[END_REF] code that implements DFT (density functional theory) [START_REF] Kohn | Self-Consistent Equations Including Exchange and Correlation Effects[END_REF][START_REF] Hohenberg | Inhomogeneous Electron Gas[END_REF] within the projector augmented wave method. [START_REF] Blöchl | Projector augmented-wave method[END_REF] The DFT method has proven to be one of the most accurate methods for the computation of the electronic structure of solids. [START_REF] Reshak | Noncentrosymmetric Sulfide Oxide MZnSO (M = Ca or Sr) with Strongly Polar Structure as Novel Nonlinear Crystals[END_REF][START_REF] Huang | Visible-Light-Responsive Sillén-Structured Mixed-Cationic CdBiO2Br Nanosheets: Layer Structure Design Promoting Charge Separation and Oxygen Activation Reactions[END_REF][START_REF] Chen | Crystal Structure, and Optical Gap of Two-Dimensional Halide Solid Solutions CsPb2(Cl1-xBrx)5[END_REF] First, the crystal structure was relaxed using the Perdew, Burke, and Ernzerhof (PBE) functional, [START_REF] Perdew | Generalized Gradient Approximation Made Simple[END_REF] and then the density of states were obtained with the Heyd, Scuseria, and 

RESULTS AND DISCUSSION

Syntheses. The black crystals of the ternary compound Ba3ScTe5 were first discovered serendipitously during the exploration of the quaternary Ba/U/Sc/Te system in a small yield of 20 wt% (based on Sc). Further, the synthesis of crystals of Ba3ScTe5 was reproduced using the stoichiometric reaction of the corresponding elements at 1223 K followed by slow-cooling to 298 K using the sealed-tube method. This reaction produced a better yield of Ba3ScTe5 crystals (ca. 80 wt.%). A similar reaction that was aimed for the synthesis of a bulk polycrystalline sample of Ba3ScTe5 was also carried out at 1173 K. The PXRD pattern of the reaction product showed almost a single phase of Ba3ScTe5 along with a very small amount of a secondary cubic BaTe phase (Figure 1). The reheating of the product at 1173 K as a compacted pellet did not improve the phase purity of the polycrystalline sample. We also attempted to make new ternary isostructural phases by replacing Ba with Pb and also replacing Ba with smaller alkaline-earth metals (Ca, Sr), but only binary phases resulted. Also, the replacement of Sc metal with Y metal (Ba3YTe5) afforded only binaries of the corresponding elements.

Structure of the Subcell of Ba3ScTe5. The subcell structure of Ba3ScTe5 (Figure 2) is related to the well-known Hf5Sn3Cu 50 structure type with the Ba atoms at Sn sites, Te atoms at Hf sites, and Sc atoms at Cu sites. Many intermetallic compounds with the Hf5Sn3Cu 50 type structure are known in the literature, but to the best of our knowledge this structure type is not known for any metal chalcogenides. Although, there are few reports on the synthesis of sulfur and selenium doping in binary compounds La5Ge3, La5Pb3, and Zr5Sb3 that adopt the Hf5Sn3Cu type structure but their crystal structures and amount of chalcogens doped in these compounds were not established, and only unit cell parameters of these chalcogen doped compounds were reported. [START_REF] Garcia | Chemistry in the Polar Intermetallic Host, Zr5Sb3. Fifteen Interstitial Compounds[END_REF][START_REF] Guloy | The Lanthanum-Germanium System. Nineteen Isostructural Interstitial Compounds of the La5Ge3 Host[END_REF][START_REF] Guloy | Exploration of the Interstitial Derivatives of La5Pb3 (Mn3Si3-Type)[END_REF] The crystal structure of subcell of Ba3ScTe5 comprises of two formula units in the hexagonal space group D 3 ,6h-P63/mcm with one crystallographic independent Sc site (site symmetry: -3.m), one Ba site (m2m), and two Te sites [Te1 (m2m) and Te2 (3.2)]. Crystal structure refinement details and metric data for the Ba3ScTe5 substructure are presented in Table 1 and3 Each ScTe6 octahedron is fused to two neighboring ScTe6 octahedra through sharing of two opposite triangular faces resulting in the formation of an infinite one-dimensional chain of 1 ,∞ [ScTe3 3-] along the [001]-direction (Figure 3a). In general, the face-sharing of polyhedral units is considered as least stable as compared with edge-and vertex-sharing of the polyhedra because the two metal atoms are closest in face-sharing. A survey of Sc chalcogenides using the ICSD web program [START_REF] Belsky | New developments in the Inorganic Crystal Structure Database (ICSD): accessibility in the support of materials research and design[END_REF] suggested only one example, RbSc5Te8, [START_REF] Babo | Synthesis and Crystal Structure of the Rubidium Scandium Telluride RbSc5Te8[END_REF] where both face-and edge-sharing of Scbased octahedra can be seen. However, the present ternary phase, Ba3ScTe5, is the first example of a Sc telluride where only face-shared ScTe6 octahedra are present. The six Te1 atoms form an almost perfect octahedral environment around Sc with the Sc-Te1 bond distances of 2.957(1) Å.

The Te-Sc-Te angles of these octahedra are also very close to the ideal octahedron with m-3m symmetry (Table 3). A comparison of Sc-Te distances in Ba3ScTe5 with the corresponding distances found in the related structures such as BaSc2Te4 (2.878(2)-2.958(1) Å), 14 SrSc2Te4

(2.892(1)-2.977(1) Å), 14 RbSc5Te8 (2.890(1)-2.926(1) Å), [START_REF] Babo | Synthesis and Crystal Structure of the Rubidium Scandium Telluride RbSc5Te8[END_REF] and TlScTe2 (2.9341(6) Å) [START_REF] Teske | Crystal Structure, Physical Properties and Electronic Band Structure of TlScQ2 (Q = S, Se and Te)[END_REF] reveals good agreement with the single Sc 3+ -Te bonding. [START_REF] Muravieva | Crystal structure of LnTe3, where Ln = La[END_REF] LnCuxTe2 (Ln = La, Nd, Sm, Gd, Dy), [START_REF] Huang | 0.40Te2[END_REF] Gd3Cu2Te7, 20 Ba2MAnTe7 (M = Ti, Cr, An = Th, U), [START_REF] Prakash | Three New Quaternary Actinide Chalcogenides Ba2TiUTe7, Ba2CrUTe7, and Ba2CrThTe7: Syntheses, Crystal Structures, Transport Properties, and Theoretical Studies[END_REF] KTh2Te6, 66 BaAnTe4 (An = Th and U), [START_REF] Prakash | Crystal Structures, Resistivity Stuides, and Electronic Properties of Three New Barium Actinide Tellurides: BaThTe4, BaUTe4, and BaUTe6[END_REF] and ATiU3Te9 (A = Rb and Cs). [START_REF] Ward | Synthesis and Characterization of Two Quaternary Uranium Tellurides, RbTiU3Te9 and CsTiU3Te9[END_REF] The assignments of +2 and +3 oxidation states to Ba and Sc atoms, respectively are clear in the Ba3ScTe5 substructure. However, the assignment of charges on Te atoms is challenging. As Optical Band Gap Study. The absorption spectrum (Figure 6) for a polycrystalline sample of Ba3ScTe5 was collected at 298(2) K. A broad absorption transition around 0.6(2) eV is apparent from Figure 6a. A direct bandgap of 1.1(2) eV was estimated from the analysis of the square of absorption data as a function of energy (Figure 6b). The value of indirect bandgap was found to be below the instrument limit (~0.8 eV). This experimental optical band gap, which is consistent with the black color of the compound, suggests that Ba3ScTe5 is a semiconductor.

Table 3. Selected Interatomic Lengths (Å) in the

Temperature-Dependent Resistivity Study. The resistivity of polycrystalline Ba3ScTe5 as a function of temperature shows an exponential drop in resistivity values with increasing temperature in the range 75 K to 300 K (Figure 7). CCDC #1951174 and 1950724 contain supplementary crystallographic data for the substructure and superstructure of Ba3ScTe5, respectively. These data may be obtained free of charge by emailing data_request@ccdc.ccam.acwww.ccdc.cam.ac.uk/data_request/cif, or by contacting the Crystallographic Data Centre. 12 Union Road, Cambridge CB2 1EZ, UK; fax +44 1223 336033.

Included with this submission are the cif and checkcif for the substructure. For the superstructure CCDC is unable to handle modulated structures but the raw fcf data are included with this submission.
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Ba3ScTe5 was synthesized and its modulated crystal structure was solved in the hexagonal superspace group P-6(00γ)0 with a = 10.1188(3) Å and c = 6.8332(3) Å, and a modulation vector of q = 0.3718(2)c*. Its structure is made up of infinite chains of 1 ,∞[ScTe3 3-] that are separated by Ba 2+ cations and infinite linear chains of Te atoms that are distorted owing to the formation of long-and short-bonded pairs of Te atoms.

Table 2 . 3 R

 23 Crystallographic Data and Structure Refinement Details for the least-squares on F 2 Data / constrains / restrains / parameters 4804 / 2 / 0 / 87 Goodness-of-fit on F 2 0.88 Final R indices a [I>3σ(I)] Robs = 0.0292, wRobs = 0.0384 R indices [all data] Rall = 0.0801, wRall = 0.0447 Final R main indices [I>3σ(I)] Robs = 0.0251, wRobs = 0.0351 R main indices (all data) Rall = 0.0426, wRall = 0.0374 Final R 1 st order satellites [I > 3σ(I)] Robs = 0.0392, wRobs = 0.0667 R 1 st order satellites (all data) Rall = 0.1457,wRall = 0.0966 Extinction coefficient 820(30) Tmin and Tmax coefficients 0.5173 and 0.7419 Largest diff. peak and hole 4.79 and -5.38 e -Å -= Σ ||Fo|-|Fc|| / Σ |Fo|, wR = {Σ [w(|Fo| 2 -|Fc| 2 ) 2 ] / Σ [w(|Fo| 4 )]} 1/2 and w = 1/(σ 2 (I) + 0.000016I 2 ). Powder X-ray Diffraction Measurement (PXRD). PXRD studies at 298(2) K were used to confirm the phase purity of the polycrystalline samples. Cu-Kα radiation (λ = 1.5406 Å) was used in the diffractometer (Model: X'Pert Pro-PAN analytical) equipped with an Xcelerator detector. The finely ground polycrystalline sample was fixed at a flat sample stage. The X'Pert High Score software was used to collect the PXRD data in the 2θ range of 10-70° with step size and scan time of 0.01° and 50 min, respectively. The Match3! software suite (version 3.6.1) was used to analyze the PXRD patterns. Solid-State Ultra Violet-Visible Near Infrared Spectroscopy. A PerkinElmer UV/VIS/NIR spectrophotometer was used to study the optical band gap of polycrystallineBa3ScTe5 at 298(2) K in the diffuse reflectance mode over the wavelength range of 1500 nm to 200 nm. BaSO4 was dried overnight to remove undesired moisture and then was used as a standard reference. The absorption data were generated from the reflectance data using the Kubelka-Munk equation.[START_REF] Kortüm | Reflectance Spectroscopy: Principles, Methods, Applications[END_REF] 

Ernzerhof 47 -

 47 [START_REF] Paier | Screened hybrid density functionals applied to solids[END_REF] (HSE) functional. To ensure the convergence of the calculations, a k-points grid of 8 × 8 × 6 was used for both HSE and PBE calculations. For the HSE calculation, the energy cutoff describing the plane-wave expansion in the wave function was set to the default value of 187.2 eV, while for the PBE relaxation of the structure it was set to 1000 eV. The DFT optimized lattice parameters a = b = 10.27 Å and c = 6.96 Å are in a reasonable agreement with the experimental values of the substructure (a = b = 10.1190(5) Å and c = 6.8336(3) Å).

Figure 1 :

 1 Figure 1: PXRD pattern of the polycrystalline Ba3ScTe5 compound. The symbol * indicates reflection from the secondary BaTe phase.

  , respectively. Sc atoms in this structure are coordinated to six Te atoms (6 × Te1) that are arranged in an octahedral fashion around the central metal atom.

Figure 2 :

 2 Figure 2: A general view of the structure of subcell of Ba3ScTe5 viewed approximately along the c-axis. Here and in succeeding figures Ba, Sc, and Te atoms are shown in blue, green, and orange, respectively.

  , the 1 ,∞[ScTe3 3-] chains are formed by sharing of triangular faces of ScTe6 octahedra (Figure3a). As a consequence of face-sharing, the Sc•••Sc distances are expected to be shorter than those in related structures that have edge-sharing or corner-sharing units of Sc octahedra. Indeed, the Sc•••Sc interactions of 3.4167(1) Å in Ba3ScTe5 are shorter when compared with TlScTe2 (4.2128(4) Å), 56 BaSc2Te4 (4.2692(1) Å),[START_REF] Assoud | Thermoelectric properties of the new tellurides SrSc2Te4 and BaSc2Te4 in comparison to BaY2Te4[END_REF] and CsCu2Sc3Te6 (4.0430(1) Å)[START_REF] Babo | CsCu2Sc3Te6 and CsCuY2Te4: Two new quaternary cesium copper rare-earth metal tellurides[END_REF] that have edge-shared ScTe6 octahedra. Only RbSc5Te8 shows a Sc•••Sc interaction of 3.6590(1) Å, which is closer to the corresponding interactions in Ba3ScTe5. There are few reports of Sc ternary compounds e.g., Sc6MTe2, [M = Cu (3.04(1) Å) and Ag (3.05(1) Å)],[START_REF] Chen | Structure, and Bonding of Sc6MTe2 (M = Ag, Cu, Cd): Hetrometal-Induced Polymerization of Metal chains in Sc2Te[END_REF] and Sc6PdTe2 (3.08(1) Å)[START_REF] Maggard | Insights into Metal Framework Constructions from the Syntheses of New Scandium-and Yttrium-Rich Telluride Compounds: Y5Ni2Te2 and Sc6PdTe2[END_REF] where a Sc-Sc metal bond is present. Barium atoms are surrounded by a total of nine Te atoms, five Te1 and four Te2 atoms, in a distorted tricapped trigonal prismatic geometry with Ba-Te distances of 3.405(1) Å to 3.724(1)Å (Figure3b).

Figure 3 :

 3 Figure 3: (a) A fragment of the ScTe6 chain and (b) the local coordination environment of Ba atom in the subcell structure of Ba3ScTe5.

Figure 4 :Figure 5 .

 45 Figure 4: A local view of infinite -Te-Te-Te-chains in (a) the subcell structure and (b) the modulated superstructure of Ba3ScTe5. The Te•••Te interactions are shown as black dashed lines and Te-Te bonds are shown as solid red lines. The Te-Te bonding threshold is 2.8-2.9 Å.

Figure 5 :

 5 Figure 5: Relations among the subcell structure of (a) Ba3ScTe5 with the (b) Hf5Sn3Cu 50 and (c) Mn5Si3 63 structures.

  discussed earlier, the Ba3ScTe5 substructure contains two types of Te atoms: Te1 atoms that are bonded with Sc atoms and Te2 atoms that are form the infinite Te•••Te•••Te chains with intermediate Te•••Te interactions. Hence, the charge on each Te1 atoms could be assigned as -2e -. This assignment results in an average nonintegral charge of -1.5 e -on each Te2 atom, i.e., the Te2 atoms are partially reduced in this Ba3ScTe5 substructure. The bond valence sum[START_REF] Brown | The Chemical Bond in Inorganic Chemistry, The Bond Valence Model[END_REF] calculations for Ba3ScTe5 substructure using Expo2014 software[START_REF] Altomare | a kit of tools for phasing crystal structures from powder data[END_REF] yields the following bond valances: 2.36 for Ba1, 2.55 for Sc, 2.17 for Te1, and 1.56 for Te2. The BVS calculation also indicates a partial reduction of Te2 atoms. The modulated structure of Ba3ScTe5 shows the splitting of these Te•••Te•••Te chains into Te2 n-dimers with Te-Te minimum and maximum distances of 2.8(1) and 3.9(1) Å, respectively. The modulated structure contains approximately one dimer per three Te atoms (Figure4b). There is no evidence of Te vacancies so that the dimerization model can account for the extra electron if all five Te atoms were isolated (Figure4b). This stabilization of the Ba3ScTe5 structure is not possible with Te2 2-dimers instead of distorted Te•••Te•••Te chains as it demands Ba in +1 state or Sc in +2 state. Hence, we conclude that the presence of these distorted chains of Te with an average charge of -1.5 e -per Te atom is responsible for stabilization of Ba3ScTe5 in the Hf5Sn3Cu structure type. Thus, based on the coordination environments and the distances between the homo/hetero atoms, charge balance in the valence-imprecise Ba3ScTe5 structure can be formulated as (Ba 2+ )3(Sc 3+ )(Te 2-)3(Te 1.5-)2. An average charge of -1.5 e -on the Te atoms of the infinite Te•••Te•••Te chains in BaAnTe4 is also known.[START_REF] Prakash | Crystal Structures, Resistivity Stuides, and Electronic Properties of Three New Barium Actinide Tellurides: BaThTe4, BaUTe4, and BaUTe6[END_REF] Such assignment of non-integer charge of Te atoms of Te•••Te•••Te chains is common and is reported for many of the tellurides including the Ba2MAnTe7 (M = Ti, Cr, An = Th, U)[START_REF] Prakash | Three New Quaternary Actinide Chalcogenides Ba2TiUTe7, Ba2CrUTe7, and Ba2CrThTe7: Syntheses, Crystal Structures, Transport Properties, and Theoretical Studies[END_REF] , CuxUTe3,[START_REF] Patschke | CuxUTe3: Stabilization of UTe3 in the ZrSe3 Structure Type via Copper Insertion. The Artifact of Te-Te Chains and Evidence for Distortions Due to Long Range Modulations[END_REF] and ATiU3Te9 structures.[START_REF] Ward | Synthesis and Characterization of Two Quaternary Uranium Tellurides, RbTiU3Te9 and CsTiU3Te9[END_REF] 

Figure 6 :

 6 Figure 6: (a) Optical absorption spectrum and (b) solid-state UV/Vis direct bandgap Tauc plot for polycrystalline Ba3ScTe5.

Figure 7 :

 7 Figure 7: Temperature-dependent resistivity plot for polycrystalline Ba3ScTe5.

Figure 8 :

 8 Figure 8: Computed total (upper plot) and partial (lower plots) density of states (DOS) for the subcell structure of Ba3ScTe5. The DOS calculations were performed using the HSE functional.

Table 1 . Crystallographic Data and Structure Refinement Details for the Substructure of Ba3ScTe5.

 1 

		Ba3ScTe5
	Temperature (K)	100(2)
	a (Å)	10.1190(5)
	c (Å)	6.8336(3)
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