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Introduction

Materials crystallizing in tungsten bronze structure are of great interest in optical [START_REF] Lenzo | Electro-optic coefficients of ferroelectric strontium barium niobate[END_REF][START_REF] Van Uitert | A new and stable nonlinear optical material[END_REF], dielectric applications [START_REF] Xie | Dielectric and ferroelectric properties of tetragonal tungsten bronze Sr2-xCaxNaNb5O15 (x=0.05-0.35) ceramics[END_REF][START_REF] Stennett | A new family of ferroelectric tetragonal tungsten bronze phases, Ba2MTi2X3O15[END_REF][START_REF] Levin | Coupling between octahedral tilting and ferroelectric order in tetragonal tungsten bronze-structured dielectrics[END_REF][START_REF] Mcnulty | An Electronically Driven Improper Ferroelectric: Tungsten Bronzes as Microstructural Analogs for the Hexagonal Manganites[END_REF]. Due to their huge chemical and structural flexibility [START_REF] Ravez | Relations between ionic order or disorder and classical or relaxor ferroelectric behaviour in two lead-free TKWB-type ceramics[END_REF][START_REF] Aydi | X-ray and dielectric studies of ferroelectric or relaxor phases in the Ca1-xNaxSn1-xNbxO3 system[END_REF][START_REF] Gardner | A-site size effect in a family of unfilled ferroelectric tetragonal tungsten bronzes: Ba 4 R 0.67 Nb 10 O 30[END_REF][START_REF] Zhu | A Crystal-chemical framework for relaxor versus normal ferroelectric behavior in tetragonal tungsten bronzes[END_REF], they accommodate most cation types, but are also able to accommodate various anions and important cationic vacancies [START_REF] Gardner | A-site size effect in a family of unfilled ferroelectric tetragonal tungsten bronzes: Ba 4 R 0.67 Nb 10 O 30[END_REF][START_REF] Rotaru | Vogel-Fulcher analysis of relaxor dielectrics with the tetragonal tungsten bronze structure: Ba6MNb9O30 (M = Ga, Sc, In)[END_REF][START_REF] Gardner | Manipulation of polar order in the "empty" tetragonal tungsten bronzes: Ba4-xSrxDy0[END_REF][START_REF] Gardner | Relaxor-to-Ferroelectric Crossover and Disruption of Polar Order in "Empty" Tetragonal Tungsten Bronzes[END_REF][START_REF] Li | High-Temperature Dielectric Materials for Electrical Energy Storage[END_REF][START_REF] Guo | Preparation and dielectric properties of Ba4RFe0.5Nb9.5O30 (R = La, Nd, Eu, Gd) unfilled tungsten bronze ceramics[END_REF][START_REF] Wu | Effect of strontium substitution on the structure and dielectric properties of unfilled tungsten bronze Ba4-xSrxSmFe0.5Nb9.5O30 ceramics[END_REF]. TTB structure has been described as a modified perovskite structure that can be written in a general formula (A1)(A2)2C(B1)(B2)4O15 A2BC2B1B24O15 made of 2 different octahedral sites (B1 and B2), arranged in such a way they form channels of 3 different sizes. A sites are pentagonal channels with 15coordination. A1 sites stand along the square channels and have a 12-coordination. Finally, the C sites are distributed in triangular channels where Li + ions only seem to fit. They have a 9 coordination and remain vacant in most TTB materials. The title material Ba2NdFeNb4O15 is a parent compound of a wide variety of compositions showing interesting dielectric properties and structural complexity [START_REF] Hajlaoui | Tetragonal tungsten bronze Ba2EuFeNb4O15based composite thin films multiferroic at room temperature[END_REF][START_REF] Bodeux | Thin films sputtered from Ba2NdFeNb4O15 multiferroic targets on BaFe12O19 coated substrates[END_REF][START_REF] Roulland | Influence of ceramic process and Eu content on the composite multiferroic properties of the Ba6-2xLn2xFe1+xNb9-xO30 TTB system[END_REF][START_REF] Chen | Structural, dielectric and magnetic properties of Ba3SrLn2Fe2Nb8O30 (Ln = La, Nd, Sm) filled tungsten bronze ceramics[END_REF][START_REF] Gao | Dielectric and ferroelectric characteristics of Ba4Pr2Fe2Nb8O30 tungsten bronze ceramics[END_REF]. In this compound, Ba occupies A2 sites, Nd is in the A1 site, while Fe and Nb homogeneously share the B1 and B2 sites. C sites are therefore empty. Surprisingly, it shows a ferroelectric behavior at room temperatures while XRD data show an optimal fit with a centrosymmetric space group P4/mbm [START_REF] Castel | Synthèse de nouveaux matériaux multiferroïques au sein de la famille des bronzes quadratiques de formule Ba2LnFeNb4O15[END_REF] along the whole temperature range from ferroelectric to paraelectric temperature domain [START_REF] Heijboer | Etude des propriétés diélectriques et structurales de monocristaux et céramiques de structure TTB[END_REF].

Solid solutions based on A1, A2, and B sites substitutions were explored to investigate the dielectric behaviour and identify the structural modifications inducing it [START_REF] Josse | Original Crystal-Chemical Behaviors in (Ba,Sr)2Ln(Fe,Nb,Ta)5O15 Tetragonal Tungsten Bronze: Anion-Driven Properties Evidenced by Cationic Substitutions[END_REF][START_REF] Castel | Flexible relaxor materials: Ba(2)Pr(x)Nd(1x)FeNb(4)O(15) tetragonal tungsten bronze solid solution[END_REF]. All of them point towards a similar behavior that was ascribed to oxygen framework. In fact, electron and neutron diffraction highlighted the subtle modifications of oxygen stacking, probably at the origin of symmetry breaking inducing ferroelectricity in these TTB materials [START_REF] Heijboer | Etude des propriétés diélectriques et structurales de monocristaux et céramiques de structure TTB[END_REF][START_REF] Albino | Synthèse et caractérisation structurale et diélectrique de céramiques et de monocristaux relaxeurs de structure TTB[END_REF]. However, no composition dealing with C sites were ever derived from the parent Nd-containing TTB. The present paper thus focuses on the influence of Li addition in Ba2NdFeNb4O15 on both dielectric and structural features. Since Li + insertion at C site induces a modification of global charges in the compound, one has to compensate Li + addition by cation removal on the other sites. Thus, three different solid solutions were tested to compare the influence of A1 site, A2 site and B site compensation based on the following patterns (see Figure 1):  Ba2Nd1-x/3LixFeNb4O15 (abbreviated NL) in which Li + insertion is compensated by Nd 3+ vacancies in the square channels (A1 site).

 Ba2+xNd1-xLixFeNb4O15 (abbreviated BNL) in which Li + insertion is compensated by the substitution of Nd 3+ by Ba 2+ in square channels (A1 site) without introduction of vacancies.

 Ba2NdLixFe1+(x/2)Nb4-(x/2)O15 (abbreviated LFN) in which Li + insertion is compensated by changing the Fe 3+ /Nb 5+ ratio in octahedral sites, with a limited impact on the TTB framework as iron and niobium have similar radii. These three substitution pattern should give access to the specific influence of Li + insertion on dielectric properties, as the various co-substituted ions have been investigated otherwise, including the influence of Nd 3+ vacancies [START_REF] Albino | Growth and Characterization of Ba 2 LnFeNb 4 O 15 (Ln = Pr, Nd, Sm, Eu) Relaxor Single Crystals[END_REF], the influence of Nd 3+ substitution and accommodation of Ba 2+ at the A1 site [START_REF] Heijboer | Etude des propriétés diélectriques et structurales de monocristaux et céramiques de structure TTB[END_REF], while the substitution of Nb 5+ by Fe 3+ , the radii of which are very close (Nb 5+ : 64 pm; Fe 3+ : 65 pm) allows for the insertion of Li + without much modification of the TTB framework otherwise.

In this paper, the study of these three system is presented first, then a focus on the NL system is developed, before concluding on crystal-chemical considerations concerning the observed ferroelectric to relaxor crossovers. 

Experimental section

For all three solid solutions, samples were prepared following the solid state synthesis route, using BaCO3 (Cerac 99.9%), Nd2O3 (Cerac 99.9%), Li2CO3 (Sigma-Aldrich 99%), Fe2O3 (Rectapur 99.9%) and Nb2O5 (LTS chemical 99.95%). To remove hydroxyl groups resulting from hydroxylation of rare earth oxides, Nd2O3 was heat treated overnight at 1000 °C before use. Powders were weighted and mixed in targeted stoichiometric quantities, then were hand milled in an agate mortar for 30 min. The composition ranged between 0 < x < 0.12 for NL, BNL and LFN solid solutions, and were extended up to x = 0.30 for NL solid solution. The powders were pelletized using a 13 mm diameter die and a hydraulic press, applying a 200 MPa uniaxial pressure for 1 min. Synthesis was then performed at 1280 °C for 12h, followed by a sintering step at 1310 °C for 10h. Relative densities were measured geometrically, all being above 95% of theoretical density of each composition. X-ray diffraction data were recorded on a PANalytical X'Pert diffractometer with Bragg-Brentano geometry (using Cu Kα1/Kα2 radiation) for all composition after synthesis and after sintering on 8° < 2θ < 80° using a step of 0.017°. For some of the samples for which Rietveld refinements were conducted, acquisition was performed with a Cu Kα1 radiation and an acquisition range of 5°-130°, using a 0.008° step. The pellets' microstructures were observed on surfaces and fractures, with a scanning electron microscope (JEOL 840 SEM). The microstructure of the ceramics from the BNL and LFN are not described here, as they were found extremely similar (not to say identical) to that of NL ceramics (described further in the manuscript). The addition of high contents of Li led to the observation of some melted part having the same composition as the rest of the sample (see Figure S3). This phenomenon is observed on the surface of samples but is not visible in the bulk. However, attempts to sinter during longer dwell times lead to the formation of more of these melted parts, but had no influence on the measured dielectric properties. Therefore, we will not consider it influences the subsequent characterizations.

The ceramic discs were equipped with sputtered gold electrodes to allow for planar capacitor geometry.

The dielectric measurements were carried out in the frequency range of 10 3 -10 6 Hz (the amplitude of the applied ac electric field being 1 V) using an HP4194a impedance bridge, at heating rate of 1 °C/min in a quartz tube filled with He. In some cases, residual water in the measurement setup led to the observation of a peak, both in real and imaginary part of permittivity, in the range 250-270 K (greyed areas in figures 3, S1, S2 and S3), which is not considered in the interpretation of the results.

Results and discussion

a) Study of NL, BNL and LFN solid solutions

After synthesis, all samples were measured by XRD for the three solid solutions. Rietveld refinement was performed on parent composition Ba2NdFeNb4O15 (Figure 2a) using P4/mbm space group. Refinement converged to RBgragg = 3.68, confirming the quality of the powder, as well as the absence of secondary phase. Refined lattice size, atomic positions, agitation and occupancies are consistent with previous work published on ceramics and single crystals of the same composition [START_REF] Castel | Synthèse de nouveaux matériaux multiferroïques au sein de la famille des bronzes quadratiques de formule Ba2LnFeNb4O15[END_REF][START_REF] Castel | Flexible relaxor materials: Ba(2)Pr(x)Nd(1x)FeNb(4)O(15) tetragonal tungsten bronze solid solution[END_REF][START_REF] Albino | Growth and Characterization of Ba 2 LnFeNb 4 O 15 (Ln = Pr, Nd, Sm, Eu) Relaxor Single Crystals[END_REF]. Based on these information, one can consider observing the influence of Li addition on the structure. Profile refinements were performed on XRD patterns for all samples of the three solid solutions, and resulting lattice volume is plotted on Figure 2b for NL, BNL and LFN. With increasing x (Li content) in the various solid solutions, two different behaviours can be seen. In the NL and LFN solid solutions, no significant evolution of lattice volume is visible from x = 0 to 0.12, the lattice volume evolving from 610.78(2) Å 3 to 610.93(1) Å 3 for NL and 611.08(4) Å 3 for LFN (Vmax  0,30(6) Å 3 , i.e. < 0.1%). On the contrary, in the BNL solid solution, a larger evolution can be observed with a global increase of lattice volume from 610.78(2) Å 3 to 612.97(3) Å 3 (i.e. 0.36%) when increasing Li content from x = 0 to x = 0.12. Increasing x to 0.30 in NL solid solution led to a more significant increase, from 610.93(1) Å 3 to 611.76(3) Å 3 (i.e. 0.14% increase), which can be related to the introduction of vacancies at the A1 site. The corresponding c/a ratio evolution in the three solid solutions remains below 0.1% difference with x = 0 sample, with no visible trend. In this solid solution (NL), insertion of Li is compensated by removing up to 0.04 Nd when x = 0.12, which corresponds to a formula Ba2Nd0.96Li0.12FeNb4O15. In this case it means Nd 3+ site occupation is 96 %, which is close to the limit observed for this phase in prior studies [START_REF] Castel | Synthèse de nouveaux matériaux multiferroïques au sein de la famille des bronzes quadratiques de formule Ba2LnFeNb4O15[END_REF][START_REF] Heijboer | Etude des propriétés diélectriques et structurales de monocristaux et céramiques de structure TTB[END_REF]. In addition, and according to Shannon and Prewitt ionic radii [START_REF] Shannon | Effective ionic radii in oxides and fluorides[END_REF], Li + is a very small ion and in a 8-coordinated environment, its size reaches 0.92 Å. Its apparent size may increase a little in the 9-coordinated environment characteristic of the C sites, but since only 0.12 Li are added to the phase, the lattice volume evolution must remain very small, as is observed in the NL system. In LFN solution, Li + insertion is accompanied by a substitution of Fe 3+ for Nb 5+ at octahedral sites, their ionic radii being 0.645 Å and 0.64 Å respectively. Thus, no visible lattice parameter change is expected from the substitution of Fe 3+ for Nb 5+ . On the opposite, in the case of BNL solution, for each Li + that is inserted, one Ba 2+ ion is substituted for an Nd 3+ ion. Since the A2 site is fully occupied by Ba 2+ ions, the substituted ones must be inserted at the A1 site, a substitution scheme that was confirmed by Pierre Heijboer in his study of the Ba6-2xNd2xFe2+xNb8-xO30 solid solution [START_REF] Heijboer | Etude des propriétés diélectriques et structurales de monocristaux et céramiques de structure TTB[END_REF].

As Ba 2+ ionic radius reaches 1.61 Å, and taking into account that Nd 3+ ionic radius is 1.27 Åconsidering 12-coordination [START_REF] Shannon | Effective ionic radii in oxides and fluorides[END_REF] -the substitution of Nd 3+ by Ba 2+ must result in a significant increase of lattice volume. Then, one can conclude that the evolution of lattice volume determined from PXRD seem to be consistent with what can be expected from crystal-chemical considerations. Dielectric measurements were then performed for all compositions and some of them are displayed on Figure 3 for the NL solid solution (see Figures S1 for the complete set of NL measurements). For x up to 0.12, they confirm the high quality of different samples since dielectric losses remain very low below 400 K. One can notice a double transition in x = 0 composition (Ba2NdFeNb4O15), showing a relaxor behavior at low temperature, followed by a ferroelectric phase transition around 160 K, and finally a paraelectric phase transition at 330 K. This is consistent with the relaxor (R) to ferroelectric (FE) crossovers previously observed in this composition [START_REF] Josse | Original Crystal-Chemical Behaviors in (Ba,Sr)2Ln(Fe,Nb,Ta)5O15 Tetragonal Tungsten Bronze: Anion-Driven Properties Evidenced by Cationic Substitutions[END_REF][START_REF] Castel | Flexible relaxor materials: Ba(2)Pr(x)Nd(1x)FeNb(4)O(15) tetragonal tungsten bronze solid solution[END_REF][START_REF] Josse | The Ba2LnFeNb4O15 "tetragonal tungsten bronze": Towards RT composite multiferroics[END_REF][START_REF] Albino | Metastable ferroelectric phase and crossover in the Ba2NdFeNb4-xTaxO15 TTB solid solution[END_REF] and confirms the quality of samples obtained. The general trend for the three different solid solutions is the transition from a R-FE crossover to a purely relaxor behavior with Li addition, which is consistent with the data obtained for other systems derived from Ba2NdFeNb4O15. However, the Li content inducing a modification in the dielectric behavior is very different between NL solid solution and the two others. Although R-FE crossover is observed for x < 0.24 in NL, both BNL and LFN switch to R behavior for the lowest Li content explored (x=0.03). This drastic modification of the dielectric behaviour is accompanied by more subtle changes. BNL and LFN, TM occurs at a relatively stable but higher temperature (~210-215 K) for 0.03 < x < 0.12, i.e. almost 40 K above the transition observed in the unsubstituted Nd TTB (x = 0, TM  160 K). On the other hand, for NL, TM rises up smoothly with increasing x, up to ~180 K for x = 0.12. The case of NL is quite specific since two major steps appear: i) while x < 0.15, TM evolves linearly between 160 and 180 K, ii) for x > 0.18, evolution is still linear but above 200 K, associated with a pure R behaviour. In between these two steps, a jump in TM occurs, which is accompanied by a disappearance of F transition (0.15 < x < 0.21) (see Figure S1 for details).

The question then arises about the behaviour of these two solid solutions at smaller Li content, as compared with NL evolution. In the BNL solid solution introduction of Ba 2+ ions at the A1 site obviously put severe strain on the TTB framework, as illustrated by the cell volume evolution, while if in LFN solid solution the cell volume is stable, the compensation involves the ferroelectrically active Nb sublattice. To further understand these behaviours, exploring smaller Li substitution rates would be necessary, unfortunately, our experimental conditions prevented us from doing so with accuracy. For these reasons, it appears interesting to focus on the NL solid solution to try to identify the relationship between ferroelectric to relaxor crossover, crystal structure and Li insertion at the C site. Moreover, the NL solid solution induces minor lattice size evolution (see Figure 2b), which should be an advantage to detect the subtle crystalline modification at the origin of the dielectric behavior evolution.

b)

Extended study of NL solid solution Figure 5 shows SEM images of samples from NL solid solution with x from 0 to 0.12. As shown here, grains have a rod like shape for the various contents of Li and show no explicit morphology evolution that could be connected to the evolution of their dielectric properties. Moreover, it seems that Li, as a very mobile ion, does not influence grain growth as it could be expected. All samples show a dense microstructure consistent with the geometrically measured densities, all above 95% of theoretical density. 

B-O distances in B1-O and B2-O and d) normalized O-B-O bond angles in B2 site distorted octahedron (error bars are presented but remain below symbols for some data, but these errors arise from the quality of fit, which do not correspond to the actual resolution of data). e) Representation of B1 and B2 sites with their neighboring oxygen environment

Based on dielectric measurements (Figure 3 and Figure S1), it was possible to draw a dielectric phase diagram for NL solid solution (see Figure 6a) showing 3 dielectric domains (ferroelectric, paraelectric and relaxor). Two different kinds of responses appear in these measurements. For small Li contents, 0 ≤ x ≤ 0.18, two distinct dielectric anomalies are observed. The low temperature one (around 200 K) has a maximum that is frequency dependent, whereas the second one around 330 K is frequency independent. They respectively correspond to relaxor (R) → ferroelectric (FE) and ferroelectric (FE) → paraelectric (PE) phase transitions and thus a relaxor to ferroelectric crossover is found in this region of the dielectric phase diagram. For larger Li contents, only a R → PE transition is observed, and this global behavior is similar to that of others solid solutions derived from Ba2NdFeNb4O15 [START_REF] Castel | Synthèse de nouveaux matériaux multiferroïques au sein de la famille des bronzes quadratiques de formule Ba2LnFeNb4O15[END_REF][START_REF] Heijboer | Etude des propriétés diélectriques et structurales de monocristaux et céramiques de structure TTB[END_REF][START_REF] Josse | Original Crystal-Chemical Behaviors in (Ba,Sr)2Ln(Fe,Nb,Ta)5O15 Tetragonal Tungsten Bronze: Anion-Driven Properties Evidenced by Cationic Substitutions[END_REF][START_REF] Castel | Flexible relaxor materials: Ba(2)Pr(x)Nd(1x)FeNb(4)O(15) tetragonal tungsten bronze solid solution[END_REF][START_REF] Albino | Synthèse et caractérisation structurale et diélectrique de céramiques et de monocristaux relaxeurs de structure TTB[END_REF]. In addition, for x>0,03, the amplitude of the FE transition decreases with increasing Li content, while that of the R transition seems to reach a plateau. To investigate the relationship between this observation and the crystalline phase, Rietveld refinements were performed on 4 samples of the solid solution, namely x = 0, 0.06, 0.12 and 0.24. Refinements results are displayed on Figure S2, along with agreement factors. Refined atomic parameters are summarized in Table S1. These refinements confirm the quality of samples and the absence of secondary phases. Nb 5+ being the d 0 ion in the central position of octahedrons can be considered as the ferroelectrically active ion in the structure. While in the present case, it may not be the actual driving force for ferroelectricity [START_REF] Josse | Original Crystal-Chemical Behaviors in (Ba,Sr)2Ln(Fe,Nb,Ta)5O15 Tetragonal Tungsten Bronze: Anion-Driven Properties Evidenced by Cationic Substitutions[END_REF][START_REF] Albino | Growth and Characterization of Ba 2 LnFeNb 4 O 15 (Ln = Pr, Nd, Sm, Eu) Relaxor Single Crystals[END_REF][START_REF] Graetsch | Incommensurate modulation of calcium barium niobate (CBN28 and Ce:CBN28)[END_REF][START_REF] Graetsch | Thermally induced structural changes in incommensurate calcium barium niobate Ca0.28Ba0.72Nb2O6 (CBN28)[END_REF]], it appears interesting to have a look at its environment. These are summarized for the different samples in Figure 6b to d. TTB structure contains 2 different octahedral sites, named B1 and B2, corresponding to regular (B1) and distorted (B2) sites.

The distribution of Fe and Nb on the B1 and B2 sites (Figure 6b) seems to be random, with Fe occupying ~20% of both B1 and B2, while Nb occupies ~80%. Nonetheless, it appears that Fe is slightly more stable in B1 site than B2, since about 5% higher content is found in the four samples measured. The statistical distribution tends to be stable for samples with x < 0.2, but slightly changes in the case of x = 0.24. The refinement result gives a site occupancy > 80% for Nb in B1 and > 90% in B2. This is not consistent with the stoichiometry of the starting powders (Nb content is 80% maximum), but must be related to a modification in the octahedral environment that cannot be resolved from our experimental data.

Figure 6c shows the evolution of B-O bond distance in both octahedrons normalized to the B-O distances in x = 0. This plot shows that although there is a slight increase of B2-O4 distance for the sample x = 0.24, the same phenomenon is observed for the two intermediate compositions 0.06 and 0.12. Therefore it is not sufficient to explain the observations made in dielectric measurements.

Regarding the other distances, it is quite surprising to notice that no significant difference is observed between x = 0 (RF) and 0.24 (R) that could be related to the occurrence of ferroelectric transition.

Moreover, if one excludes B2-O4 distance, B-O distances are closer between x = 0 and x = 0.24 than between x = 0 and x = 0.06 or 0.12. These observations indicate that insertion of Li at the C site does not induce modification of bond lengths at the B1 and B2 sites that could be detected through conventional 3D crystallography. As the title material is prone to aperiodic modulations, Li insertion may only affects these modulation,which are related to dielectric behaviour [START_REF] Zhu | A Crystal-chemical framework for relaxor versus normal ferroelectric behavior in tetragonal tungsten bronzes[END_REF],and induce the observed ferroelectric to relaxor crossover.

Concerning O-B2-O angles of the distorted octahedron, (Figure 6d) one can see that a global increase is observed from x = 0 to 0.24. The maximum evolution for x = 0.06 and x = 0.12 is limited to 1.5-2%

while it increases to almost 2.5-3% for x = 0.24, for O3 and O5 sites. These two sites were already highlighted as showing a strongly anisotropic displacement for Ba2LnFeNb4O15 (Ln = Pr, Nd, Sm, Eu) single crystals, which crystal structures were refined in P4/mbm space group [START_REF] Albino | Growth and Characterization of Centimeter-Sized Ba2LaFeNb4O15 Crystals from High-Temperature Solution under a Controlled Atmosphere[END_REF]. We also highlighted in previous works clues of in-plane antiferroelectric dipolar moments in similar compounds, both in solid ceramics and single crystals [START_REF] Albino | Metastable ferroelectric phase and crossover in the Ba2NdFeNb4-xTaxO15 TTB solid solution[END_REF][START_REF] Albino | Growth and Characterization of Centimeter-Sized Ba2LaFeNb4O15 Crystals from High-Temperature Solution under a Controlled Atmosphere[END_REF][START_REF] Heijboer | Etude des propriétés diélectriques et structurales de monocristaux et céramiques de structure TTB[END_REF][START_REF] Albino | Synthèse et caractérisation structurale et diélectrique de céramiques et de monocristaux relaxeurs de structure TTB[END_REF]. This highlights the global off-centering of the ion in B2, which is confirmed by the increase of O5-B2-O5 angle with x(Li). Thus it seems that introduction of lithium enhances the ferroelectric distortion in Ba2NdFeNb4O15, but simultaneously results in the disappearance of the ferroelectric state. This might originate from a competition between in-plane antiferroelectric and out-of-plane ferroelectric dipoles [START_REF] Albino | Metastable ferroelectric phase and crossover in the Ba2NdFeNb4-xTaxO15 TTB solid solution[END_REF]. These contradictory observations, however, are mitigated by the fact that the aforementioned off-centering is an in-plane displacement. Since a 4fold axis lies along the c axis, a displacement in the ab plane of B2 cation must result in an antiparallel arrangement of dipoles, which should be associated with an antiferroelectric behaviour obviously [START_REF] Albino | Metastable ferroelectric phase and crossover in the Ba2NdFeNb4-xTaxO15 TTB solid solution[END_REF][START_REF] Amorín | Evidence of short-range antiferroelectric local states in lanthanum-and titaniummodified Sr0.3Ba0.7Nb2O6 ferroelectric ceramics[END_REF]. Since a ferroelectric behaviour is observed for x up to 0.18 while the off-centering is maximized for x=0,24, the dielectric signature in this system may be the result of competing ferroelectric and antiferroelectric states related to a subtle distortion mechanism.

Indeed, previous work highlighted the presence of a structural aperiodic modulation in Ba2NdFeNb4O15, and previous work on the exploration of solid solutions showed that it most likely affects the oxygen framework [START_REF] Josse | Original Crystal-Chemical Behaviors in (Ba,Sr)2Ln(Fe,Nb,Ta)5O15 Tetragonal Tungsten Bronze: Anion-Driven Properties Evidenced by Cationic Substitutions[END_REF]. Structure refinement on Ca0.28Ba0.72Nb2O6 has been performed on single crystals, and can also be refined in a P4/mbm space group. However, its refinement was done considering an aperiodic modulation using the space group X4bm(AA0, -AA0) [START_REF] Graetsch | Incommensurate modulation of calcium barium niobate (CBN28 and Ce:CBN28)[END_REF]. This showed that oxygen positions are strongly affected by the modulation, with a maximum position shift up to 0.2 Å, resulting in a cooperative octahedral tilting mainly affecting B2 sites. Thus, B2 cations are also strongly affected by the octahedral displacement, which is suspected to give rise to polarization. Our present observations, along with the observations of incommensurate modulations in Ba2NdFeNb4O15 [START_REF] Josse | Original Crystal-Chemical Behaviors in (Ba,Sr)2Ln(Fe,Nb,Ta)5O15 Tetragonal Tungsten Bronze: Anion-Driven Properties Evidenced by Cationic Substitutions[END_REF] thus tend to confirm that the anionic framework constitutes the main driving force of the dielectric behaviour of these TTB, and that the observation of large atomic displacement parameters for oxygen ions (Table S1) must be regarded as a signature of a structural modulation. Indeed, a relaxor to ferroelectric crossover has now been observed from cationic substitutions in any of the cationic sites of the TTB framework, with strikingly similar dielectric phase diagrams [START_REF] Josse | Original Crystal-Chemical Behaviors in (Ba,Sr)2Ln(Fe,Nb,Ta)5O15 Tetragonal Tungsten Bronze: Anion-Driven Properties Evidenced by Cationic Substitutions[END_REF]. Further work has to be conducted on the structural modulation of these materials for a deeper understanding of the crystallographic origin of ferroelectric properties observed.

Conclusion

Li-substituted TTB materials derived from the composition Ba2dFeNb4O15 were successfully prepared following three composition patterns, namely NL, BNL and LFN. All substitution scheme allowed for Li accommodation in TTB structure without secondary phase formation. Addition of Lithium in the structure led to the modification of dielectric properties from a relaxor (R) → ferroelectric (FE) → paraelectric (PE) crossover to a single (R) → (PE) phase transition. In the BNL and LFN systems, this modification is observed for the smallest substitution rates investigated. In NL, this modification requires larger amounts of Li (x>0.2) and comes along with an increase of (R) → (FE) transition temperature (Tm) as compared to parent compound Ba2NdFeNb4O15. Rietveld refinements on sintered pellets were performed in order to identify the structural evolution induced by the insertion of Li responsible for the dielectric evolution. Detailed analyses of atomic parameters, bond distances and angles, but also site occupancy or isotropic displacements parameters do not allow do decipher the mechanism related to a modified dielectric behavior. The present study complete the range of cationic substitution inducing relaxor to ferroelectric crossovers in Ba2NdFeNb4O15-derived TTB. With advanced dielectric characterizations previously establishing the existence of a metastable ferroelectric phase [START_REF] Albino | Metastable ferroelectric phase and crossover in the Ba2NdFeNb4-xTaxO15 TTB solid solution[END_REF], these TTB form a highly versatile, highly tunable family of dielectric materials, in which subtle crystallographic evolutions influence relaxor and ferroelectric phase formation. Further investigations are needed to clearly link the observed structural modulation of some TTB compounds to their dielectric behavior evolution, especially Fe containing TTB materials.

Figure 1 :

 1 Figure 1: TTB structure represented along c axis, showing the different cationic sites A1, A2, C, B1 and B2

Figure 2 :

 2 Figure 2: XRD a) Rietveld refinement of Ba2NdFeNb4O15 sintered pellet and b) evolution of lattice volume with sample composition for the three solid solutions (0<x<0.12 for BNL and LFN, and 0<x<0.3 for NL solid solutions). Inset corresponds to c/a lattice parameter ratio of samples for corresponding solid solutions compared to x=0 sample.

Figure 3 :

 3 Figure 3: Dielectric measurements of a) Ba2NdFeNb4O15 then (b-e) NL, (f-i) BNL and (j-m) LFN solid solutions. Greyed areas indicate spurious contributions from residual water (see experimental section).

Figure 4 :

 4 Figure 4: Dielectric transition temperature associated to R→FE and R→PE phase transition at 1 MHz for various solid solutions

Figure 4

 4 Figure 4 displays the transition to relaxor state (TM) for various samples tested. On the one hand, in both
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 5 Figure 5: SEM images of NL solid solution samples a) fracture of x = 0 and surfaces of b) x = 0, c) x = 0.03, d) x = 0.06, e) x = 0.09 and f) x = 0.12

Figure 6 :

 6 Figure 6: Dielectric analyses of NL solid solution: a) dielectric phase diagram showing TC and Tm (at 1 MHz) delimitating three domains: FE(ferroelectric), R (relaxor) and PE (paraelectric), b) octahedral B1 and B2 site occupancy, c) normalized