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In latest era, explore for alternative materials to carbonaceous negative electrodes working at higher potential in lithium ion batteries is given enormous significance to avoid lithium plating and electrolyte decomposition. Niobium based oxides show enhanced results as choice to carbonaceous anodes and also Nb 5+ / 4+ redox couple working at approximately 1.5 V vs lithium. The redox potential of the niobium metal ion (~1.5V) and the structure of Nb3O7F encourage us lithium insertion studies. Nb3O7F compound has been synthesized through a simple solid state method to explore as anode material. A structural and electrochemical property of this compound is studied in detail. The chargedischarge curves are obtained galvanostatically at C/5 rate. In first discharge step, 5.3 Li can be inserted into four step process between 3.0 -1.0 V with a specific capacity of 350 mAhg -1 . Four plateaus are observed at 1.65, 1.3, 1.2 and 1.1V. During charge 1.3 Li can be extracted with an irreversible capacity loss. The total first-charge capacity is 86 mAhg -1 corresponding to the extraction of 1.3 Li. These cells show a reversible capacity 86 mAhg -1 after 25 cycles. The detailed results will be described and discussed.

Introduction.

Lithium insertion in oxides is a vital area in view of lithium ion batteries applications. Materials which can reversibly incorporate Li ions at `room temperature has gained momentous attention owing to their potential use as electrode materials in lithium ion batteries. Numerous framework structure metal oxides have been studied to satisfy these concerns. Out of these structures, two structures are familiar ReO3 related shear structures and rutile structures [START_REF] Cava | Structural aspects of lithium insertion in oxides: LixReO3 and Li2FeV3O8[END_REF][START_REF] Murphy | Insertion reactions in electrode materials[END_REF][START_REF] Martı'nez-Dela Cruz | Formation of new tungsten bronzes: electrochemical zinc insertion in WO3[END_REF].The ReO3 structure type phases have fascinated as a host to lithium ions, in prospect of attaining fast lithium diffusion, because in such structure, lithium sites are connected in all three directions. The ReO3 structure consists of corner-shared ReO6 octahedra [START_REF] Cava | Structural aspects of lithium insertion in oxides: LixReO3 and Li2FeV3O8[END_REF]. Lithium insertion into ReO3 structure leads to structural distortion [START_REF] Murphy | Insertion reactions in electrode materials[END_REF]. Cava et al. have exposed that introducing edge sharing into the corner sharing ReO3 structure stabilizes the structure after lithium insertion [START_REF] Martı'nez-Dela Cruz | Formation of new tungsten bronzes: electrochemical zinc insertion in WO3[END_REF][START_REF] Cava | Lithium insertion in Wadsley-Roth Phases Based on Niobium Oxide[END_REF][START_REF] Cava | Lithium insertion, electrical conductivity and chemical substitution in various crystallographic shear structures[END_REF] The redox potential of the concerned transition-metal element and the open crystallographic structure of the oxide are the two important criteria to study the new materials as electrode materials for lithium ion batteries [START_REF] Cava | Lithium insertion, electrical conductivity and chemical substitution in various crystallographic shear structures[END_REF]. Based on all these factors, the redox couples of the compound Nb3O7F are Nb 5+ /Nb 4+ and Nb 4+ /Nb 3+ and also the open ReO3 framework structure motivated to study the Nb3O7F as electrode material. Nb3O7F belongs to shear ReO3 type structure [START_REF] Permer | Li-inserted Nb3O7F and its thermal decomposition products studied by highresolution electron microscopy and X-ray powder diffraction[END_REF]. It crystallizes in the orthorhombic space group Pbcn with lattice parameters a = 20.67 Å, b = 3.833 Å and c = 3.927 Å. The structure of Nb3O7F projected along the b-axis is shown in Fig. 1. The cavity: I and II in the Fig. 1 represents the perovskite holes and the distorted six-coordinated interstices in the shear planes [START_REF] Permer | Li-inserted Nb3O7F and its thermal decomposition products studied by highresolution electron microscopy and X-ray powder diffraction[END_REF]. Nb3O7F is built up of Nb(O,F)6 octahedra linked in such a way that two different interstices the 12coordinated perovskite holes in the slabs of corner-sharing octahedra and the 6-coordinated holes in the shear planes. Permer et al. has studied the chemical lithium insertion into the compound. [START_REF] Permer | Li-inserted Nb3O7F and its thermal decomposition products studied by highresolution electron microscopy and X-ray powder diffraction[END_REF].Recently, electrochemical lithium insertion studies on ReO3 structure type LiTiNbO5, Ti2Nb2O9 and AlNbO4 has been explored for Li insertion [START_REF] Colin | A new layered titanoniobate LiTiNbO5: Topotactic synthesis and electrochemistry versus lithium[END_REF][START_REF] Colin | Lithium insertion in an oriented nonporous oxide with a tunnel structure: Ti2Nb2O9[END_REF][START_REF] Reddy | Facile insertion of lithium into nanocrystalline AlNbO4 at room temperature[END_REF]. Niobium based oxides has gained attention for its possible use as anode materials in terms of safety and reliability compared to carbon based materials since the potential of Nb 5+ /Nb 4+ and Nb 4+ /Nb 3+ redox couples positioned between 1.0 and 2.0 V. Moreover, it leads to high capacity due to two electron transfer per niobium [START_REF] Viet | Nanostructured Nb2O5 polymorphs by electrospinning for rechargeable lithium batteries[END_REF][START_REF] Wang | Niobium(V) oxynitride: synthesis, characterization, and feasibility as anode material for rechargeable lithium-ion batteries[END_REF]. In this perspective, numerous niobium oxides with different structural types have been reported, such as Nb2O5 [START_REF] Viet | Nanostructured Nb2O5 polymorphs by electrospinning for rechargeable lithium batteries[END_REF][START_REF] Wang | Niobium(V) oxynitride: synthesis, characterization, and feasibility as anode material for rechargeable lithium-ion batteries[END_REF][START_REF] Wang | Highperformance hybrid electrochemical capacitor with binder-free Nb2O5@graphene[END_REF][START_REF] Arunkumar | Nb2O5/graphene nanocomposites for electrochemical energy storage[END_REF][START_REF] Lim | Advanced hybrid supercapacitor based on a mesoporous niobium pentoxide/carbon as highperformance anode[END_REF], LiNb3O8 [START_REF] Jian | LiNb3O8 as a novel anode material for lithium-ion batteries[END_REF], Ti2Nb10O29 [START_REF] Wu | Investigation on Ti2Nb10O29 anode material for lithium-ion batteries[END_REF], TiNb2O7 [START_REF] Jo | Block copolymer directed ordered mesostructured TiNb2O7 multimtallic oxide constructed of nanocrystals as high power Li-ion battery anodes[END_REF], KNb5O13 [START_REF] Han | Lithium ion intercalation performance of niobium oxides: KNb5O13 and K6Nb10.8O30[END_REF], FeNb11O29 [START_REF] Pinus | Neutron diffraction and electrochemical study of FeNb11O29/Li11FeNb11O29 for lithium battery anode applications[END_REF], LiNbO3 [START_REF] Gao | Cation ordering in a-site-deficient Li-ion conducting perovskites La(1-x)/3LixNbO3[END_REF], Nb ions are chemically reducible; Li ions can be inserted into the vacant sites. In fact, chemical insertion of Li using n-butyl lithium into Nb3O7F has been reported [START_REF] Permer | Li-inserted Nb3O7F and its thermal decomposition products studied by highresolution electron microscopy and X-ray powder diffraction[END_REF]. Currently, we have studied the electrochemical behaviour of Nb3O7F with Li-metal under discharge-charge conditions (range 1.0V-3.0 V). The results showed that the Nb3O7F exhibits a reversible capacity of 86 mAh g -1 Corresponding to ∼1.5 mol of Li per mole of Nb3O7F. In addition, the high oxidation state of the transition metal that forms this structure can facilitate insertion of a large amount of lithium [START_REF] Murphy | Insertion reactions in electrode materials[END_REF].

Experimental

Syntheis. Nb3O7F is synthesized by thermal decomposition of NbO2F (obtained from Nb2O5 metal dissolved in HF) in Ar atomsphere at about 500 C [START_REF] Permer | Li-inserted Nb3O7F and its thermal decomposition products studied by highresolution electron microscopy and X-ray powder diffraction[END_REF]. The obtained samples are used for characterization and electrochemical studies.

Characterization. The obtained powder is characterized by x-ray diffractometer (Rigaku miniflex) equipped with Cu-Kα radiation. For electrochemical studies, electrodes are fabricated by mixing active material, acetylene black (Denka Singapore Pvt.Ltd.) and polyvinylidene fluoride (PVDF) in the weight ratios 70:20:10. The slurry prepared by using N-methyl-2-pyrrolidinone is spread on a stainless steel foil and dried in an oven at 80 ºC for 12 h. Swagelok cells were fabricated in an argon filled glove box (mBraun, Germany, <5 ppm H2O) with lithium foil as anode, Teklon (Anatek, USA) as separator and 1 M LiPF6 in 1:1 EC + DMC (Chiel industries Ltd., Korea) as the electrolyte. Charge-discharge cycling of the cells is carried out in galvanostatic mode at 1 C rate (reaction of I Li in I hour) at room temperature by using Arbin battery cycling unit (BT2000, USA).

Results and Discussion

Phase formation. The representative powder x-ray diffraction pattern of Nb3O7F is shown in Fig. 2. The sample is single phase and is indexed according previous reports [START_REF] Permer | Li-inserted Nb3O7F and its thermal decomposition products studied by highresolution electron microscopy and X-ray powder diffraction[END_REF].

Fig. 2. Powder x-ray diffraction patterns of Nb3O7F.

Electrochemical studies Voltage-capacity-composition profile Nb3O7F cell is shown in the potential range of 1.0-3.0 V (Fig. 3).The charge-discharge curves are obtained galvanostatically at C/5 rate. During initial discharge, the voltage drops from the open circuit voltage of 2.7 V to 2.1 V. When discharged at this rate, 5.3 Li in Nb3O7F are inserted. During charge, 1.3 Li are extracted. On subsequent cycling 1.3 Li are reversibly inserted. The discharge profile of second and consequent cycles is similar however the first discharge is different from that of the first charge. The irreversible capacity loss in the first cycle is ascribed to the irreversible structural change. Large polarization is observed between discharge and charge processes. Four plateaus are observed at 1.65, 1.3, 1.2 and 1.0 V from the differential capacity plot of Nb3O7F (Fig. 4). These peaks can also be observed from the charge-discharge cycles. One peak is observed at 1.65V. This peak can be assigned to the Nb 5+ /Nb 4+ redox couple based on the previous reports [START_REF] Viet | Nanostructured Nb2O5 polymorphs by electrospinning for rechargeable lithium batteries[END_REF][START_REF] Wang | Niobium(V) oxynitride: synthesis, characterization, and feasibility as anode material for rechargeable lithium-ion batteries[END_REF][START_REF] Wang | Highperformance hybrid electrochemical capacitor with binder-free Nb2O5@graphene[END_REF][START_REF] Arunkumar | Nb2O5/graphene nanocomposites for electrochemical energy storage[END_REF][START_REF] Lim | Advanced hybrid supercapacitor based on a mesoporous niobium pentoxide/carbon as highperformance anode[END_REF][START_REF] Jian | LiNb3O8 as a novel anode material for lithium-ion batteries[END_REF][START_REF] Wu | Investigation on Ti2Nb10O29 anode material for lithium-ion batteries[END_REF][START_REF] Jo | Block copolymer directed ordered mesostructured TiNb2O7 multimtallic oxide constructed of nanocrystals as high power Li-ion battery anodes[END_REF][START_REF] Han | Lithium ion intercalation performance of niobium oxides: KNb5O13 and K6Nb10.8O30[END_REF][START_REF] Pinus | Neutron diffraction and electrochemical study of FeNb11O29/Li11FeNb11O29 for lithium battery anode applications[END_REF][START_REF] Gao | Cation ordering in a-site-deficient Li-ion conducting perovskites La(1-x)/3LixNbO3[END_REF][START_REF] Han | Metal oxyfluorides TiOF2 and NbO2F as anodes for Li-ion batteries[END_REF]. Three peaks are observed in the range of 1.0-1.4 V corresponds to the Nb 4+ /Nb 3+ redox couple. The initial discharge capacity of Li vs. Nb3O7F cell is 350 mAhg -1 , corresponds to the insertion of 5.3 Li. The first-charge (extraction of Li) profile is qualitatively different from that for the first discharge, and shows a smooth increase in voltage with a small plateau at 1.9V (Fig. 7,b). Thereafter, the voltage increases rapidly up to the upper cutoff of 3.0V. The total first-charge capacity is 86 mAhg -1 corresponding to the extraction of 1.3 Li. However, the second charge curve follows the same trend as that of the first-charge profile. The powder XRD pattern of Lithium inserted phase was indexed as LiNbO3 structure type phase, whereas the diffraction pattern of the Lithium deinserted phase was very diffuse, and no discrete lines could be recognized based on previous literature reports [START_REF] Permer | Li-inserted Nb3O7F and its thermal decomposition products studied by highresolution electron microscopy and X-ray powder diffraction[END_REF][START_REF] Han | Metal oxyfluorides TiOF2 and NbO2F as anodes for Li-ion batteries[END_REF]. The electrochemical cycling performance of Nb3O7F prepared by solid state methods at C/5 rates is shown in Fig. 5. These cells show a reversible capacity 86 mAhg -1 after 25 cycles (Fig. 5). 
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 1 Fig. 1.Crystal structure of Nb3O7F along ac-plane [6].

Fig. 3 .

 3 Fig. 3. Charge-discharge curves of Nb3O7F.
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 45 Fig. 4. Differential capacity plots of Nb3O7F for the first three cycles.
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Summary. Nb3O7F anode material was synthesized by an effortless solid-state method. In the present work we have studied electrochemical lithium insertion in Nb3O7F with ReO3 type structure. Our studies show that, 5.3 Li can be inserted into Nb3O7F. Nb3O7F shows reversible capacity of 86 mAh/g after 25 cycles. Nb3O7F exhibits a poor reversibility as a result of irreversible structural transformation. Nano Size can improve the reversibility of Nb3O7F anode.