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LiMo 8 O 10 : Polar Crystal Structure with Infinite Edge-Sharing Molybdenum Octahedra

Polycrystalline LiMo 8 O 10 was prepared in a sealed Mo crucible at 1380 °C for 48 h using the conventional hightemperature solid-state method. The polar tetragonal crystal structure (space group I4 1 md) is confirmed based on the Rietveld refinement of powder neutron diffraction and 7 Li/ 6 Li solid-state NMR. The crystal structure features infinite chains of Mo 4 O 5 (i.e., Mo 2 Mo 4/2 O 6/2 O 6/3 ) as a repeat unit containing edge-sharing Mo 6 octahedra with strong Mo-Mo metal bonding along the chain. Xray absorption near-edge spectroscopy of the Mo-L 3 edge is consistent with the formal Mo valence/configuration. Magnetic measurements reveal that LiMo 8 O 10 is paramagnetic down to 1.8 K. Temperature-dependent resistivity [ρ(T)] measurement indicates a semiconducting behavior that can be fitted with Mott's variable range hopping conduction mechanism in the temperature range of 215 and 45 K. The ρ(T) curve exhibits an exponential increase below 5 K with a large ratio of ρ 1.8 /ρ 300 = 435. LiMo 8 O 10 shows a negative field-dependent magnetoresistance between 2 and 25 K. Heat capacity measurement fitted with the modified Debye model yields the Debye temperature of 365 K. 47 They have infinite chains of Mo 4 O y cluster units containing 48 condensed edge-sharing Mo 6 octahedra with Mo-Mo metal 49 bonding. Reported examples include AMo 4 O 6 (A = Na, K, In, 50 and Sn; space group P4/mbm), 5-8 Sc 0.75 Zn 1.25 Mo 4 O 7 (space 51 group Imam), isostructural Ti 0.5 Zn 1.5 Mo 4 O 7 , 9 GaMgMo 4 O 7 , 52 Fe 2 Mo 4 O 7 , 10 AMo 8 O 10 (A = Li, Zn; space group I4 1 md), 11 53 R 4 Mo 4 O 11 (R = Y, Nd, and Sm-Tm; space group Pbam), 12 and 54 Mn 1.5 Mo 8 O 11 (space group P2 1 /a and P2 1 /n). 13,14 The 55 metallic behavior in AMo 4 O 6 (A = Na and In) and 56 Mn 1.5 Mo 8 O 11 9,14,15 and the metal-to-insulator transition in 57 AMo 4 O 6 (A = K and Sn), 8,16,17 have been attributed to the 58 infinite Mo-Mo bonding chains in the crystal structure. 59 Among these reported compounds, AMo 4 O 6 (A = Na and K) 60 and LiMo 8 O 10 belong to ternary alkali metal molybdenum 61 oxides, and LiMo 8 O 10 is the only one that adopts a polar space 62 group. LiMo 8 O 10 crystallizes with the tetragonal crystal 63 structure in space group I4 1 md, featuring infinite chains of 64 Mo 4 O 5 repeating units containing edge-sharing Mo 6 octahedra 65 f1

 

■ INTRODUCTION

Ternary alkali metal molybdenum oxides (also known as molybdenum bronzes), A x Mo y O z (A = Li, Na, K, Rb, and Cs), are a fascinating family with unique and complex crystal structure features and exhibit exotic physical properties. For example, quasi-2D purple bronzes A 0.9 Mo 6 O 17 (A = Li, Na, and K) with layers of corner-sharing MoO 6 octahedra and MoO 4 tetrahedra exhibit anisotropic resistivity (e.g., 0.003 and 0.21 Ω•cm at room temperature along with the plate axis and perpendicularly to that axis in Na 0.9 Mo 6 O 17 ). [START_REF] Greenblatt | Quasi-Two-Dimensional Electronic Properties of the Sodium Molybdenum Bronze, Na 0.9 Mo 6 O 17[END_REF] Na 0.9 Mo 6 O 17 and K 0.9 Mo 6 O 17 show metallic behavior from room temperature to 88 and 120 K, respectively, at which charge density wave-like transition occurs. [START_REF] Greenblatt | Quasi-Two-Dimensional Electronic Properties of the Sodium Molybdenum Bronze, Na 0.9 Mo 6 O 17[END_REF] Quasi-1D (infinite chains of corner-sharing MoO 6 octahedra) blue bronzes A 0.3 MoO 3 (A = K, and Rb; space group C2/m) exhibit a similar metal-toinsulator/semiconductor Peierls transition. [START_REF] Pouget | Evidence for a Peierls Transition in the Blue Bronzes K 0.30 MoO 3 and Rb 0[END_REF] Li 0.9 Mo 6 O 17 (P2 1 / m) exhibits quasi-1D metallic behavior and an interesting exponential increase in resistivity between ∼24 and 2 K (a possible metal-to-insulator transition related to dimensional crossover), attains a superconducting state below 1.8 K, and manifests a large magnetoresistance just above the superconducting transition temperature. [START_REF] Degiorgi | Optical Investigation of Quasi-One-and Two-Dimensional Systems A 0.9 Mo 6 O 17[END_REF][START_REF] Chen | Magnetotransport Properties in Purple Bronze Li 0.9 Mo 6 O 17 Single Crystal[END_REF] In addition to the quasi-1D/2D corner-sharing octahedral (MoO 6 ) and tetrahedral (MoO 4 ) chains in A 0.9 Mo 6 O 17 (A = Li, Na, and K) compounds, there is yet another interesting structural feature in ternary/quaternary molybdenum oxides.

collected at 300 K using the Powder Diffractometer POWGEN at the Spallation Neutron Source, [START_REF] Kirkham | Automated Gas Environment System for in Situ Neutron Powder Diffraction[END_REF] Oak Ridge National Laboratory. A neutron band with a center wavelength of 0.8 Å high-resolution setting was used to collect the data with a broad d coverage of 0.16-7.5 Å. Rietveld refinements of the NPD data were carried out with the suite of FullProf programs. [START_REF] Rodríguez-Carvajal | Recent Advances in Magnetic Structure Determination by Neutron Powder Diffraction[END_REF] First-Principle Calculations. The first principle calculations were carried out with the all-electron full-potential linearized augmented plane-wave method implemented in the WIEN2k software package. [START_REF] Blaha | WIEN2K An Augmented Plane Wave + Local Orbitals Program for Calculating Crystal Properties[END_REF] The experimental crystal structure was adopted for the calculations.

Chemical Analysis. Elemental analysis of polycrystalline

The calculations were set up using the generalized gradient approximation with the on-site Coulomb repulsion U for 5 eV at Mo d orbitals.

■ RESULTS AND DISCUSSION Synthesis and the Crystal Structure. The preparation of LiMo 8 O 10 adopts the high-temperature solid-state method with similar conditions used in the previous report. [START_REF] Mccarley | Some Structure-Bonding Correlations in Reduced Ternary Molybdenum Oxides with Infinite Chains of Edge-Shared Octahedral Cluster Units[END_REF] The Xray powder diffraction analysis of the prepared sample indicates a successful synthesis of the primary phase LiMo 8 O 10 with additional small impurities of MoO 2 and Mo present (Figure S1). The obtained phase is consistent with the reported tetragonal crystal structure with the polar space group Li coordinates with four O (O2 and O3) atoms and locates between the channels between the layers and the Mo 4 O 5 units, which connects all clusters as a whole crystal structure (Figure 1b).

Because neutrons are more sensitive to light elements (Li and O) than X-rays, we used NPD to refine the crystal structure. The NPD data were collected at room temperature, f2 and Rietveld refinements of the NPD data (Figure 2) were carried out using the reported tetragonal crystal structure (space group I4 1 md) as the starting model. The experimental NPD pattern can be fitted with the primary LiMo 8 O 10 phase (mass % = 93.2%), a small amount of impurity Mo (mass % = 3.5%), and MoO 2 (mass % = 3.3%). Selected refined structural t1t2 parameters of the major phase are given in Tables 1 and2 [START_REF] Chen | Magnetotransport Properties in Purple Bronze Li 0.9 Mo 6 O 17 Single Crystal[END_REF] The refined atomic positions are also close to the reported values. [START_REF] Chen | Magnetotransport Properties in Purple Bronze Li 0.9 Mo 6 O 17 Single Crystal[END_REF] As shown in Figure 1e, each Mo 6 octahedra contains twelve Mo-Mo bonds, and the refined bond distance ranges from f3 2.678 to 2.925 Å (Table 2 andFigure 3 
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homogeneously distributed through the polyhedron with two small areas with different concentrations, which probably correspond to the small amount of impurity seen as white dots on the polyhedron in the SEM image (Figure 4a). The obtained molar ratio of the Mo/O ratio is 8.0:9.6, which supports the expected ratio of 8:10 according to the formula LiMo 8 O 10 .

Solid-State 7 Li and [START_REF] Mccarroll | On the Tetragonal Forms of KMo 4 O 6[END_REF] Li NMR. To confirm the existence of Li elements and study the local coordination environment of Li atoms in the crystal structure, solid-state [START_REF] Schultz | Modulated Crystal Structure of InMo 4 O 6[END_REF] Li and [START_REF] Mccarroll | On the Tetragonal Forms of KMo 4 O 6[END_REF] Li NMR were conducted using LiCl and Li 2 O as the reference compounds. Both 7 Li and [START_REF] Mccarroll | On the Tetragonal Forms of KMo 4 O 6[END_REF] Li MAS NMR spectra collected at room temperature show obvious peaks at 13.00 and 12.99 f5 ppm, respectively (Figure 5). The 7 Li NMR spectrum shows broader peaks than that of [START_REF] Mccarroll | On the Tetragonal Forms of KMo 4 O 6[END_REF] Li due to larger quadrupolar interaction. The 6 Li NMR spectra are dominated by chemical shift effects, which make them potentially more useful for providing structural information because their chemical shift more closely approximates the isotropic chemical shift.

Comparing the coordination environment of Li in the crystal structure of the LiCl and Li 2 O references, Li atoms are located in the octahedral site within LiCl, while Li atoms occupy both the octahedral and tetrahedral sites within Li 2 O. The systematic decrease observed in the [START_REF] Mccarroll | On the Tetragonal Forms of KMo 4 O 6[END_REF] Li chemical shift from LiMo 8 O 10 to Li 2 O and LiCl corresponds with an increasing coordination environment that resulted from increased shielding, which can be described by a linear relationship. [START_REF] Mackenzie | Multinuclear Solid-State NMR of Inorganic Materials[END_REF] The 6 Li chemical shift of LiMo 8 O 10 indicates the tetrahedral environment of Li atoms, as shown in the crystal structure Figure 1b. To check the Li mobility, we also collected [START_REF] Schultz | Modulated Crystal Structure of InMo 4 O 6[END_REF] Li MAS NMR spectra at 238 K. In comparison to the main resonance at 13.00 ppm obtained at 298 K, a sharper peak occurs at 12.70 ppm at 238 K. The main resonance shift indicates the change of distribution under a similar coordination environment. The broadening effect of resonances at a higher temperature suggests wider distribution due to higher mobility. the spectra are due to dipole transitions from the 2p core level 346 into empty 4d final states. [START_REF] Zeng | Large Magnetoresistance in Double Perovskite Sr 2 Cr 1.2 Mo 0.8 O 6-δ[END_REF][START_REF] Veith | Synthesis and Characterization of the Oxynitride Pyrochlore -Sm 2 Mo 2 O 3.83 N 3.17[END_REF][START_REF] De Groot | Differences between L3 and L2 X-Ray Absorption Spectra of Transition Metal Compounds[END_REF][START_REF] Svyazhin | Chemical Information in the L3 X-Ray Absorption Spectra of Molybdenum Compounds by High-Energy-Resolution Detection and Density Functional Theory[END_REF][START_REF] Popov | Large Effects of A-Site Average Cation Size on the Properties of the Double Perovskites Ba 2-x Sr x MnReO 6 : A d 5 -d 1 System[END_REF] The characteristic chemical 347 shift of the absorption edge to higher energy with increasing 348 valence can be seen in Figure 6 by the systematic shift to the 349 higher energy of the centrum of the WL feature with increasing 350 Mo-valence. [START_REF] Zeng | Large Magnetoresistance in Double Perovskite Sr 2 Cr 1.2 Mo 0.8 O 6-δ[END_REF][START_REF] Veith | Synthesis and Characterization of the Oxynitride Pyrochlore -Sm 2 Mo 2 O 3.83 N 3.17[END_REF][START_REF] De Groot | Differences between L3 and L2 X-Ray Absorption Spectra of Transition Metal Compounds[END_REF][START_REF] Svyazhin | Chemical Information in the L3 X-Ray Absorption Spectra of Molybdenum Compounds by High-Energy-Resolution Detection and Density Functional Theory[END_REF][START_REF] Popov | Large Effects of A-Site Average Cation Size on the Properties of the Double Perovskites Ba 2-x Sr x MnReO 6 : A d 5 -d 1 System[END_REF][START_REF] Alp | A New Approach to Determining the Charge Distribution in Copper Compounds[END_REF][START_REF] Croft | Systematic Mn D-Configuration Change in t System: A Mn K-Edge XAS Study[END_REF] The loss of screening (an increase of binding 351 energy) with increasing valence is typically invoked for such 352 chemical shift trends. [START_REF] Croft | Systematic Mn D-Configuration Change in t System: A Mn K-Edge XAS Study[END_REF] The strong splitting of the oxide 353 spectra due to ligand field and band structure effects can 354 complicate the evaluation of the WL chemical shift. [START_REF] Zeng | Large Magnetoresistance in Double Perovskite Sr 2 Cr 1.2 Mo 0.8 O 6-δ[END_REF][START_REF] Veith | Synthesis and Characterization of the Oxynitride Pyrochlore -Sm 2 Mo 2 O 3.83 N 3.17[END_REF][START_REF] De Groot | Differences between L3 and L2 X-Ray Absorption Spectra of Transition Metal Compounds[END_REF][START_REF] Svyazhin | Chemical Information in the L3 X-Ray Absorption Spectra of Molybdenum Compounds by High-Energy-Resolution Detection and Density Functional Theory[END_REF][START_REF] Popov | Large Effects of A-Site Average Cation Size on the Properties of the Double Perovskites Ba 2-x Sr x MnReO 6 : A d 5 -d 1 System[END_REF] The 355 first moment of the near edge, E M , as defined in eq 1, has been 356 used to estimate the relative chemical shifts of XANES spectra 357 with strong spectral features. [START_REF] Popov | Large Effects of A-Site Average Cation Size on the Properties of the Double Perovskites Ba 2-x Sr x MnReO 6 : A d 5 -d 1 System[END_REF][START_REF] Alp | A New Approach to Determining the Charge Distribution in Copper Compounds[END_REF] In applying this method to 358 estimate the relative WL chemical shifts of the spectra shown 359 in Figure 6, the low energy integration limit, E L = 2516 eV 360 (well below the edge) was used. Following the analysis 361 performed in the Re-containing compounds, 32 the high energy 362 limit was chosen as the energy where the postedge absorption 363 coefficient fell below the absorption coefficient of μ = 1.5 364 (Figure 6).
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In Figure 7, the WL-feature moments for all of the spectra ent FC magnetic susceptibility (χ) data were collected between F there is a magnetic ordering just below 1.8 K (the lowest temperature we could measure), or that this material has a strong spin fluctuation that is suppressing the magnetic ordering. What makes it more interesting is that a similar negative MR has been reported in Li 0.9 Mo 6 O 17 (for magnetic field applied along the crystallographic b axis) just above the superconductivity transition temperature at 1.8 K, [START_REF] Chen | Magnetotransport Properties in Purple Bronze Li 0.9 Mo 6 O 17 Single Crystal[END_REF] which has been attributed to the suppression of the fluctuations associated with the nearby superconductivity by the magnetic field. Thus, it is also likely that LiMo 8 O 10 becomes a superconductor at lower temperatures and requires further study.

The temperature-dependent heat capacity (C P ) measurement was conducted on a pellet from 1.8 to 80 K. The absence of an anomaly in the C P versus T plot suggests that there is no f11 long-range magnetic ordering (Figure 11). The specific heat, 12. The computed DOS shows a metallic phase, which is opposite to the observed semiconducting behavior in the experiment (see Figure 9). Note that the forbidden energy window is realized above the Fermi level, from ∼0.2 to ∼0.5 eV in the computed DOS. Furthermore, introducing magnetism such as ferro-, ferri-, and antiferromagnetism does not open the bandgap in the DFT calculations. This discrepancy may be related to the drawback 

C P = γT + βT,

LiMo 8 O

 8 10 sample was performed with a JEOL scanning electron microscopy (SEM), JSM-IT500HRLV SEM, with the accessory of Octane Elect Plus energy-dispersive X-ray (EDX) spectroscopy system and AOPEX Advanced software. The SEM images were collected with an accelerating voltage of 15 kV. X-ray Absorption Near-Edge Spectroscopy. The Mo-L 3 edge XANES of LiMo 8 O 10 were collected at beamline 7-ID-2 SST-2 using a Si-111 monochromator at the National Synchrotron Light Source II (NSLS-II), Brookhaven National Laboratory. The measurements were performed in the total electron yield mode. Measurements were made with MoO 3 and Li 2 MoO 4 simultaneous standards for precision energy calibration. Standard polynomial background and postedge normalization to unity were used in the analysis. Solid-State 7 Li and 6 Li NMR. The 7 Li and 6 Li magic-angle spinning (MAS) NMR spectra of polycrystalline LiMo 8 O 10 , LiCl, and Li 2 O were measured at 298 and 238 K on a Bruker 500WB AVIII HD solid-state NMR spectrometer (11.74 T) equipped with 2.5 mm HXY and 4 mm HXY Bruker probes. A single-pulse experiment and spinecho pulse sequences were applied with 90 pulses of 3.0 and 4.5 μs and MAS spinning speeds of 25 and 14 kHz for the 2.5 and 4 mm probes, respectively. The operating Larmor frequencies of 6 Li and 7 Li were 73.63 MHz and 194.45 MHz, respectively. A recycle delay time of 10-30 s was used. The chemical shift was referenced to LiCl(s) at -1.1 ppm with respect to aqueous LiCl. Physical Properties. Magnetic susceptibility measurements were performed on a polycrystalline LiMo 8 O 10 sample with a quantum design superconducting quantum interference device MPMS magnetometer. Field-cooled (FC) protocol was used to measure magnetic susceptibility between 1.8 and 300 K with the external magnetic field (B) of 0.1 T. The electrical resistivity and heat capacity were measured on two separate pieces of the same dense pellet (density > 91%) using a quantum design dynacool physical property measurement system. A four-probe method was used to measure resistivity and magnetoresistance by attaching 25 μm Pt wires using Epotek H20E silver epoxy. Isothermal magnetoresistance data were collected between 2 and 30 K using B up to ± 9 T. Magnetoresistance data were symmetrized about B = 0 T to account for the small misalignment of the voltage leads.

I4 1

 1 md.t In the crystal structure, strong Mo-Mo covalent bonds form Mo 6 octahedra that contain two waist Mo1 and Mo2, and one apical Mo3 atom and one Mo4 atom. The Mo 6 octahedra are edge-shared via Mo1-Mo1 and Mo2-Mo2 bonds and form infinite chains along the a and b axis, respectively (Figure

Figure 1 .

 1 Figure 1. Projected view of the Mo connection (a), crystal structure of LiMo 8 O 10 along the a axis (b), corresponding Mo1-O1-Mo2 connection in the ab plane (c) and (d), and "Mo 6 O 12 " cluster unit (f).

  . The refined unit cell parameters are a = b = 5.84503(5) Å, c = 24.7558(3) Å, and V = 845.77(1) Å 3 , which are close to the reported values, a = b = 5.8515(6) Å, c = 24.783(3) Å, and V = 848.6(2) Å 3 .

  ). The averaged Mo-225 Mo bond distance is 2.81 Å, which is close to that (2.809 Å) of 226 isostructural ZnMo 8 O 10 , 11 and other compounds (2.803 Å in

Figure 2 .

 2 Figure 2. Rietveld refinement of NPD (300 K) of LiMo 8 O 10 (space group I4 1 mb) with observed data (red), calculated pattern (black), the difference between the observed and calculated patterns (blue), and Bragg peak positions (green) of LiMo 8 O 10 , Mo, and MoO 2 .

Figure 3 .

 3 Figure 3. Mo-Mo bond distances and angles within the Mo 6 octahedra chain in the bc (a) and ab planes (b).

Figure 4 .

 4 Figure 4. SEM image (a) and EDX mapping of Mo (b) and O elements (c) of LiMo 8 O 10 particles.

Figure 5 .

 5 Figure 5. (a) 6 Li MAS NMR at 298 K and (b) 7 Li-MAS NMR of LiMo 8 O 10 at 298 and 238 K.

f6X

  -ray Absorption Near-Edge Spectroscopy. Figure 6 shows XANES measurements of the Mo-L 3 edges of LiMo 8 O 10 and a series of oxide standards with differing valances/ configurations: MoO 3 (Mo 6+ , d 0 ), SrFe 0.5 Mo 0.5 O 3 (Mo 5+ , d 1 ), Sm 2 Mo 2 O 7 (Mo 4+ , d 2 ), MoO 2 (Mo 4+ , d 2 ), and elemental Mo (Mo 0 , d 5 ). The intense near-edge "white line" (WL) features in 345

  367 are plotted versus their formal 4d-counts and fitted to a straight 368 line. There are two points that should be noted. First, the d-369 count dominance in the chemical shift has been tacitly 370 assumed because the 4d 5 configuration is common to both 371 Mo 0 (4d 5 5s 1 ) and Mo + (4d 5 5s 0 ). This assumption is partially 372 justified by the quadratic chemical shift versus valence relation 373 found in some theoretical and experimental treatments of the 374 Mo-shift, which flattens in the sub-Mo 2+ range. 31 Second, due 375 to the shortage of Mo 2+ and Mo 1+ standards, the formal 376 LiMo 8 O 10 configuration of Mo 2.375+ (4d 3.625 ) was included in 377 the linear fit. With these caveats, the observed chemical shift of 378 LiMo 8 O 10 can be viewed to be consistent with its formally 379 expected valence/configuration. Although such consistency is 380 encouraging, the Mo-Mo bonding would be expected to play 381 a strong role in this material, requiring considerations well 382 beyond formal valence. 383 Physical Properties. Magnetic properties were inves-384 tigated on a LiMo 8 O 10 powder sample. Temperature-depend-385 f8

Figure 6 .

 6 Figure 6. The Mo-L 3 near edges of LiMo 8 O 10 and a series of standard Mo-containing compounds. The horizontal line at μ = 1.5 indicates the cutoff energy for integrating the first moment (E M ) of the WL feature to estimate the valence/configuration chemical shift.

Figure 7 .

 7 Figure 7. The Mo-L 3 edge WL chemical, as estimated by the first moment WL energies, plotted vs the formal Mo d-count (lower scale) and the formal valence (upper scale). The solid line is a linear fit to all of the data as a test of consistency.

Figure 8 .

 8 Figure 8. Temperature-dependent FC magnetic susceptibility of LiMo 8 O 10 with an applied magnetic field of 0.1 T. Inset shows the plot of (χχ ο ) -1 vs Τ. The red line is the straight-line fit to the data.

Figure 9 .

 9 Figure 9. Temperature-dependent resistivity of LiMo 8 O 10 from 300 to 1.8 K with the plot of ln(ρ) vs T -1/4 (inset).

Figure 10 .

 10 Figure 10. Field-dependent MR of LiMo 8 O 10 measured between 2 and 30 K.

  3 is the sum of electron (C e = γT) and lattice (C l = βT 3 ) specific heat. The low-temperature range (1.8 to 7 K) can be fitted with the modified Debye model C P /T = γ + βT 2 , which yields the electronic specific heat coefficient (Sommerfeld coefficient), γ = 4.3 mJ/(mol•K 2 ), and coefficient β = 0.76 mJ/(mol•K 4 ). The Sommerfeld constant γ = π 2 k B 2 N(E F )/3, where k B is Boltzmann constant (1.380649 J/K, or 8.61733 × 10 -5 eV/K), is proportional to the total DOS at the Fermi level, N(E F ). Based on the obtained γ = 4.3 mJ/(mol•K 2 ), the N(E F ) is calculated to be 1.8 states/eV•unit cell. The coefficient β is associated with the Debye temperature (θ D ) as θ D 3 = 12π 4 Rn/(5β), where R = 8.314 J/(mol•K) and n = 19 (number of atoms per formula unit), and the calculated θ D is equal to 365 K. Electronic Structure. DFT calculations were performed to obtain the DOS of nonmagnetic LiMo 8 O 10 , and the results are f12 shown in Figure 12. In the crystal structure, Mo1 and Mo2 have the coordination number of 4, while Mo3 and Mo4 have the coordination number of 5 with O atoms. Due to the different geometries, four different Mo atoms are grouped into two: Mo1 + Mo2 and Mo3 + Mo4, and the two show different 4d partial DOS, as shown in Figure

  506 of DFT calculations as they are well known to underestimate 507 the bandgap. Several methods like hybrid functional, modified 508 Becke-Johnson (mBJ) exchange potential, and DFT plus 509 dynamical mean-field theory (DFT + DMFT) were employed, 510 but all of them were unsuccessful in giving the bandgap in this 511 system. Other methods beyond the standard DFT framework 512 are necessary to investigate the insulating phase of LiMo 8 O 10 , 513 which remain for future work.

543

  8 O 10 was synthesized by annealing starting 516 materials Li 2 MoO 4 , MoO 3 , and Mo at 1380 °C for 48 h using a 517 Mo crucible. The polar crystal structure featuring edge-sharing 518 Mo 6 octahedra chains was confirmed with the Rietveld 519 refinement of room-temperature neutron powder diffraction 520 data. The tetrahedral environment of Li atoms in the crystal 521 structure was confirmed by the 7 Li/ 6 Li solid-state NMR. The 522 valence state of Mo was consistent with the formal Mo valence 523 state according to the XANES of the Mo-L 3 edge. Resistivity 524 measurement of LiMo 8 O 10 indicates that this compound is not 525 metallic as expected from the strong Mo-Mo bonding in the 526 crystal structure. LiMo 8 O 10 shows an interesting increase in 527 resistivity at lower temperatures with the ratio of ρ 1.8 /ρ 300 528 equal to 435, which is not observed in similar compounds with 529 edge-sharing Mo 6 octahedra feature. Isothermal field-depend-530 ent magnetoresistance measurements at 2 K also reveal a 531 negative magnetoresistance of 10.1% at 9 T. The study of 532 LiMo 8 O 10 provides valuable guidance for the study of 533 isostructural ZnMo 8 O 10 containing a more reduced Mo in 534 the crystal structure, which will be carried out in the future. is available free of charge at 538 https://pubs.acs.org/doi/10.1021/acs.inorgchem.2c01917. Patrick Gougeon -Sciences Chimiques de Rennes, UMR 6226 544 CNRS�INSA�Université de Rennes 1, Rennes 35042, 545 France; orcid.org/0000-0003-4778-5581; 546 Email: patrick.gougeon@univ-rennes1.fr

Figure 11 .

 11 Figure 11. Heat capacity of LiMo 8 O 10 measured from 1.8 to 80 K, and the low-temperature range fitted with the modified Debye model C P /T = γ + βT 2 (inset).

Figure 12 .

 12 Figure 12. DOS of nonmagnetic LiMo 8 O 10 with the polar space group Cmc2 1 .

Table 1 .

 1 Selected Structural Parameters of Rietveld Refinement of LiMo 8 O 10

		sample	LiMo 8 O 10	
	temperature	300 K	
	mol wt, g/mol	934.62	
	density (calculated),g/cm 3	7.339	
	neutron source	T.O.F	
	space group, #	I4 1 md, # 109	
	Z		4	
	lattice parameters	a = b = 5.84503(5) Å
			c = 24.7558(2) Å	
			V = 845.77(1) Å3	
	Rietveld criteria of fit a	R p = 4.57%, R wp = 3.56%,
			R F = 8.33%	
	site	Wyckoff symbol	x, y, z	B
	Li1	4a	0.5, 0.5, 0.126(2)	1.0(1)
	Mo1	8b	0.5, 0.2291(5), 0	0.43(3)
	Mo2	8b	0, 0.2344(6), 0.0044(1)	0.27(3)
	Mo3	8b	0, 0.2445(6), 0.3293(2)	0.65(4)
	Mo4	8b	0, 0.2746(5), 0.1765(2)	0.23(2)
	O1	8b	0.5, 0.2434(8), 0.25	0.41(3)
	O2	8b	0.5, 0.2427(7), 0.0822(3)	0.59(5)
	O3	8b	0.5, 0.2374(8), 0.4235(2)	0.51(5)
	O4	8b	0, 0.2530(9), 0.0895(3)	0.89(8)
	O5	8b	0, 0.2707(8), 0.4168(3)	0.45(6)

Table 2 .

 2 Selected Bond Distances in LiMo 8 O 10

	Mo1-Mo1	2.678 (4)	Mo1-O1 (×2)	2.129(4)
	Mo1-Mo2 (×2)	2.925(1)	Mo1-O2	2.036(7)
	Mo1-Mo3 (×2)	2.773(4)	Mo1-O5	2.059(7)
	Mo1-Mo4 (×2)	2.770(4)	Mo2-O1 (×2)	2.161(4)
	Mo2-Mo2	2.740(5)	Mo2-O3	2.009(6)
	Mo2-Mo3 (×2)	2.747(5)	Mo2-O4	2.110(8)
	Mo2-Mo4 (×2)	2.707(5)	Mo3-O2 (×2)	2.015(4)
	Mo3-Mo3	2.858(5)	Mo3-O4 (×2)	2.117(5)
	Mo3-Mo3	2.987(5)	Mo3-O5	2.172(9)
	Mo4-Mo4	2.636(4)	Mo4-O3 (×2)	2.025(4)
	Mo4-Mo4	3.209(4)	Mo4-O4	2.158(9)
	Mo3-Mo4 (×4) a	3.256(6)	Mo4-O5 (×2)	2.104(4)
	Mo1-Mo1 a	3.167(4)	Li-O3 (×2)	1.82(3)
	Mo2-Mo2 a	3.105(5)	Li-O2 (×2)	1.85(3)

Mo-Mo distances (Å)

Mo-O/Li-O distances (Å)

a Interchain distance.
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