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Introduction

This work is based on the study of the extension of the phase Ti5Sn3 phase in the ternary Ti-Ni-Sn, and its crystal structure. The D88-Ti5Sn3 structure is hexagonal, hP16, P63/mcm, (space group No. 193), prototype Mn5Si3 [START_REF] Villars | Pearson's handbook of crystallographic data for intermetallic phases[END_REF]. This structure is stable in numerous binaries of early transition metals or rare-earths elements with Si, Ge, Sn, Pb, Sb, and Bi. [START_REF] Villars | Pearson's handbook of crystallographic data for intermetallic phases[END_REF] If the D88 structure is not the ground state in such systems, it often happens that it is stabilized by impurities at high temperature [START_REF] Villars | Pearson's handbook of crystallographic data for intermetallic phases[END_REF]. These impurities occupy the 2b sites at (0,0,0) of the P63/mcm structure. Recently Williams et al. [START_REF] Williams | Theoretical calculations and experimental measurements of the structure of Ti5Si3 with interstitial additions[END_REF] have shown that interstitial additions of B, C, N or O in the 2b sites increase the stability of the D88 structure in the case of the Ti5Si3 compound. Previously Corbett et al. [START_REF] Stadnyk | Isothermal section of the Ti-Ni-Sn system at 770 K[END_REF][START_REF] Guloy | Nine Hexagonal Ca 5 Pb 3 Z Phases in Stuffed Mn 5 Si 3 -Type Structures with Transition Metal Interstitial Atoms Z . Problems with Classical Valence States in Possible Zintl Phases[END_REF][START_REF] Corbett | Widespread Interstitial Chemistry of Mn 5 Si 3 -Type and Related Phases. Hidden Impurities and Opportunities[END_REF][START_REF] Kwon | Chemistry in polar intermetallic compounds. The interstitial chemistry of zirconium-tin (Zr5Sn3)[END_REF] have shown filling of the 2b positions by different elements in the Mn5Si3-type compounds.

The filling of the 2b sites of the D88 structure with a latest transition elements or noble metals can lead to stable ternary ordered phases or ternary compounds. The prototype of such phases is Hf5Sn3Cu. The Ti5Sn3-based ternary ordered phases Ti5Sn3X with X=Ni, Co, Fe, Mn, Cu, Ag, and Au have been evidenced [START_REF] Villars | Pearson's handbook of crystallographic data for intermetallic phases[END_REF]. In the cases, when the D88 binary structure is not stable, while the ternary one is stable, the ternary compounds form. Thus binary compound Ti5Sb3 crystallizes in the Yb5Sb3 prototype structure (space group, Strukturbericht designation), and the ordered Ti5Sb3Zn or Ti5Sb3Cu exist as ternary compounds in the Hf5Sn3Cu prototype structure [START_REF] Villars | Pearson's handbook of crystallographic data for intermetallic phases[END_REF]. Comparison of the crystallographic characteristics of the Mn5Si3 and Hf5Sn3Cu type structures is given in Table 1. [START_REF] Romaka | Phase equilibria, formation, crystal and electronic structure of ternary compounds in Ti-Ni-Sn and Ti-Ni-Sb ternary systems[END_REF][START_REF] Gürth | On the constitution and thermodynamic modelling of the system Ti-Ni-Sn[END_REF] have reported the existence of ternary ordered phase Ti5Sn3Ni, existing from 800°C to solidus temperature with the Hf5Sn3Cu structure. The authors call it "ternary compound", while according to their figure of the isothermal section, this composition corresponds to Ti5Sn3-based solid solution. One phase was experimentally shown at 235 to 700°C by Wang et al. [START_REF] Wang | Measurement of phase equilibria in Ti-Ni-Sn system[END_REF]. Oppositely, according to our CALPHAD analysis of the Ti-Ni-Sn system [START_REF] Berche | Calphad assessment of the Ni-Sn-Ti system[END_REF], for Ti5Sn3 and Ti5NiSn3 compositions only one of the primary crystallization of the liquidus projection exists. This means that at the solidus temperatures these compositions correspond to one phase, namely Ti5Sn3-based solid solution. Meanwhile, two separate phases were shown in the Ti-Ni-Sn system below 1100°C [START_REF] Berche | Calphad assessment of the Ni-Sn-Ti system[END_REF]. The calculated section at 227°C is shown in Figure 1. After this Calphad analysis on can observe that the binary solid phase is also present in the ternary by adding Ni going to a ternary phase. The analysis of this fact can be explained as a ternary based on the Hf5Sn3Cu structure different with the binary of Mn5Si3 type. At high temperatures (below liquidus) they give a disordered solid solution which give an ordering when temperature is decreasing. The transition temperature cannot be obtained by the way of our experimentation. The pending question, thus, is: does the composition Ti5NiSn3 correspond to an individual ternary compound or is it an ordered solid solution based on Ti5Sn3? So, the aim of the present paper is to present our results concerning the Ti-Ni-Sn system at different compositions to correlate these results to those of ab initio calculations in order to determine the stability of the ordered phase and to get some parameters necessary for the CALPHAD modeling of the D88 and fD88 phases in the ternary Ti-Ni-Sn system.

Materials and methods

Material synthesis

The samples of ∼3 g weight were arc-melted from high purity metals (Ti-99.98%, Ni-99.995%, Sn-99.9995%). The arc-furnace was equipped with an unconsumable tungsten electrode and a water-cooled copper hearth. The Ar atmosphere during melting was purified by a Ti-melt. The alloy buttons were turned over and remelted 3-5 times to ensure their chemical homogeneity. The samples being wrapped in Mo foil were annealed at 1300°C for 30 or 60 hours in a vacuum furnace in an argon atmosphere, additionally purified by zirconium chips. Composition of a number of samples was checked by microprobe analysis and has shown good correspondence with their nominal composition.

Synchrotron X-ray powder diffraction

Synchrotron X-ray powder diffraction has been successfully used to investigate (i) Ti5NiSn3

prepared in stoichiometric proportions with Ni, Ti and Sn, Ti5Sn3 with 2 wt% of Ni and (iii) Ti5Sn3 with 5wt% of Ni at room temperature. The patterns were recorded on the Swiss Norvegian Beam Line (SNBL-BM01A) at the European Synchrotron Radiation Facility (ESRF, Grenoble, France). A monochromatic beam with a wavelength of 0.70814 Å was used to record all the images at room temperature using a PILATUS 2M detector with a distance sample to detector d=343.71 mm. Wavelength and sample to detector distance were determined using NIST LaB6 standard as reference. The recoded images were integrated by using Fit2D software [START_REF] Hammersley | Twodimensional detector software: From real detector to idealised image or two-theta scan[END_REF] to obtained the diffraction patterns. All compounds first have been grounded into fine powder before the experiment, then loaded into glass capillaries of 0.5 mm diameter and sealed before acquisition (See ESI). The unit cell parameters were extracted using DICVOL06, [START_REF] Boultif | Indexing of powder diffraction patterns for low-symmetry lattices by the successive dichotomy method[END_REF] and then refined following Le Bail method using Jana 2006 software [START_REF] Petříček | Crystallographic Computing System JANA2006: General features[END_REF].

In addition, the mechanical behavior of Ti5Sn3 with 2 wt% of Ni solid (which will demonstrated further to be a pure phase) under pressure was studied using in situ high pressure synchrotron X-ray powder diffraction on the PSICHE beamline at the French Synchrotron Soleil (Saint-Aubin, France). All the patterns were obtained by integrating 2Dimages recorded at room temperature using a Dectris Pilatus 2M CdTe detector by the help of Dioptas 0.3.1 software [START_REF] Prescher | DIOPTAS : a program for reduction of two-dimensional X-ray diffraction data and data exploration[END_REF]. Wavelength (λ=0.4859 Å) and sample to detector distance (d=425.5259 mm) were determined using CeO2 as reference. The beam size used was 50×50 μm 2 and was selected by a pair of slits located at 800 mm upstream the sample. The pressure was applied using a membrane Diamond Anvil Cell (mDAC) up to 20 GPa with a steel gasket and neon was used as pressure transmitting media. The powder, mixed with gold, was loaded into the MDAC. The pressure inside the cell was determined using the Equation of State (EoS) of gold [START_REF] Dubrovinsky | The most incompressible metal osmium at static pressures above 750 gigapascals[END_REF]. The Le Bail refinement of all the patterns using Jana 2006 software [START_REF] Petříček | Crystallographic Computing System JANA2006: General features[END_REF] have been used to extract the unit cell parameters of the phase. The equations of state parameters where determined using EosFit7c software [START_REF] Angel | EosFit7c and a Fortran module (library) for equation of state calculations[END_REF] using Birch-Murnaghan model [START_REF] Birch | Finite Elastic Strain of Cubic Crystals[END_REF][START_REF] Stacey | Finite strain theories and comparisons with seismological data[END_REF].

Laboratory X-ray powder diffraction

The structural features of Ti5Sn3 with 2 wt% of Ni solid were investigated by laboratory X-ray powder diffraction (XRPD) using an PANalytical X'Pert equipped with an X'Celerator detector and a Si (111) monochromator (Cu-Kα1 wavelength, λ=1.54059 Å with an operating voltage of 40 kV and a beam current of 40 mA). To this purpose, the sample was loaded into a 0.5 mm glass capillary and sealed before collecting.

Ab initio calculations

The density functional theory (DFT) calculations have been carried out by using the Vienna ab initio simulation package (VASP) [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 | Efficient iterative schemes for ab initio total-energy calculations using a plane-wave basis set[END_REF]. The calculations make use of potentials constructed by the projector-augmented waves (PAW) technique [START_REF] Kresse | From ultrasoft pseudopotentials to the projector augmentedwave method[END_REF][START_REF] Blöchl | Projector augmented-wave method[END_REF][START_REF] Monkhorst | Special points for Brillouin-zone integrations[END_REF]. For the GGA exchange-correlation function, the Perdew-Burke-Ernzerhof parameterization (PBE) was applied [START_REF] Methfessel | High-precision sampling for Brillouin-zone integration in metals[END_REF]. In the PAW potentials used in the present work, the 3d-and 4s-orbitals as well as the semicore 3p-orbitals of Ti are treated as valence orbitals (3p 6 3d 3 4s 1 electronic configuration), the 3d-and 4s-orbitals are used as valence orbitals for Ni (3d 8 4s 2 electronic configuration) while the 4d, 5s and 5p orbitals are used as valence orbitals for Sn (4d 10 5s 2 5p 2 electronic configuration). A plane-wave cutoff energy of 350 eV for the three elements is taken. In all cases, the structures are fully relaxed with respect to volume as well as cellinternal and cell-external coordinates. For the Brillouin-zone integration, the Methfessel-Paxton [START_REF] Methfessel | High-precision sampling for Brillouin-zone integration in metals[END_REF] technique with a modest smearing of the one-electron levels (0.2 eV) is used.

Care is taken that for each structure a sufficient number of k points for the Brillouin-zone integration is chosen. For all the hexagonal structures, a gamma centered k-point grid is used.

For the other structures, a Monkhorst-Pack [START_REF] Monkhorst | Special points for Brillouin-zone integrations[END_REF] grid is chosen. In each case, the number of k points has been determined such a way that the number of irreducible k points multiplied by the number of atoms in the cell is of the order of magnitude of 500 or greater. In this way, there is convergence of the values of the lattice parameters and of the total energy. All calculations are performed using the "accurate" setting within VASP to avoid wrap-around errors. With the chosen plane-wave cutoff and k-point sampling the reported enthalpies of formation are estimated to converge with a precision better than ±0.5 kJ.mol -1 of atoms.

Results and discussion

Structural determination

The samples are with formulae: Ti5NiSn3, Ti5Sn3 with 2 wt.% of and Ti5Sn3 with 5 wt.% of Ni were studied. P63/mcm) and Ti6Sn5 (S.G. P63/mmc) (Figure S3). The obtained unit cell parameters are presented in table 2. The parameters obtained are in good agreement with the one reported by Peitzka et al. [START_REF] Pietzka | Phase equilibria of the quaternary system Ti-Al-Sn-N at 900 °C[END_REF]. At the difference Ti5NiSn3 present weak and broad peaks evidence of a disorder into the crystal structure. The unit cell parameters avec been extracted a=8.1339 [START_REF] Romaka | Phase equilibria, formation, crystal and electronic structure of ternary compounds in Ti-Ni-Sn and Ti-Ni-Sb ternary systems[END_REF] Å, c=5.5601(5) Å in the hexagonal system using the space group P63/mcm. As is seen on figure S1 the powder contains some unidentified impurities. At the difference the pattern of the composition Ti5Ni0.2Sn3 present a single phase successfully index again in the space group P63/mcm a=8.1513(1) Å, c=5.5478(1) Å (see Supporting Information figure S2). The diffraction patterns were successfully indexed in the hexagonal system with the space group P63/mcm (No. 193) (Figures S1-S3). The crystal structure of this phase present in the red diffraction pattern on Fig. 2 has been solved and refined by the Rietveld method using Jana 2006 [START_REF] Petříček | Crystallographic Computing System JANA2006: General features[END_REF] from X-ray powder diffraction data recorded using an PANalytical X'Pert laboratory diffractometer (for more details see ESI). The result of this refinement is presented on figure 3 and the table 3 summarizes the unit cell parameters, atomic positions of this phase obtained with the corresponding composition Ti5Ni0.868Sn3. 

Mechanical stability

The compressibility of this phase has been investigated under high pressure. As it can be seen on figure 5, the solid is remains stable in the investigated range of pressure (2.3-20 GPa) since no phase transition was detected (See also figures S4 & S5). Previously to the refinement of the unit cell parameters of the Ti5Ni0.868Sn3 phase, the unit cell parameters of gold used a pressure marker was carried out. From the unit cell volume accessible with this set of parameters and using the parameters the equation of state parameters determined by Dubrovinsky et al. [START_REF] Dubrovinsky | The most incompressible metal osmium at static pressures above 750 gigapascals[END_REF] we have obtained the pressures inside the mDAC (see ESI Table 2). The crystallographic data obtained for the pristine material previously determined are in good agreement with the first recorded point at 2.4 GPa (Fig. S6). For all the pressure points is has been possible to refined the unit cell parameters (Fig. S6-S10). The whole set of unit cell parameters obtained using LeBail fits of the obtained diffraction patterns was further used to determine the equation of state (EoS) using the Birch-Murnaghan theory [START_REF] Birch | Finite Elastic Strain of Cubic Crystals[END_REF][START_REF] Stacey | Finite strain theories and comparisons with seismological data[END_REF] and the EoSFit7 software [START_REF] Angel | EosFit7c and a Fortran module (library) for equation of state calculations[END_REF]. The evolution of the unit cell parameters as a function of the pressure is reported on figure. 6. As is can be seen a-and c-lattice parameters exhibit an isotropic evolution when the external applied pressure increases as emphasized by a significant difference in contraction along the three crystallographic axes: 4.02% and 4.42% over the whole range of pressure along a-and c-lattice parameters respectively. In addition the c/a ratio present only a relative variation close to 0.4%. Figure 6b reports the evolution of the unit cell volume of the Ti5Ni0.863Sn3 phase as well as the fit obtained with a third order Birch-Murnaghan equation of state. With a K0 value of ∼10.85(1) GPa and Kp of ∼4.23(1) the solid shows a very high compressibility confirming the low resilience of this material (see also ESI). The relative variation of volume was found to be closed to 12%. This trend is confirmed by the parameters of the equations of state relative to these two directions (Table 4). The compressibility of this phase is slightly higher that the one obtained for another the cubic NiTiSn compound: K0=119(4) GPa & KP=4.5261 determined by Hermet et al. [START_REF] Hermet | Thermal dependence of the mechanical properties of NiTiSn using first-principles calculations and high-pressure Xray diffraction[END_REF]. 

Site preference of Ni in D88-Ti5Sn3

Previously [START_REF] Colinet | Structural stability of intermetallic phases in the Sn-Ti system[END_REF][START_REF] Colinet | Point defects and chemical potentials in D88-Sn3Ti5[END_REF]we performed ab initio calculations of the stability of the phases in the Ti-Sn system. Particularly, in [START_REF] Colinet | Point defects and chemical potentials in D88-Sn3Ti5[END_REF] the defect enthalpies of formation in the D88 phase were calculated. In these calculations, the total energy of a supercell containing one defect (vacancy, antisite, or interstitial), is obtained. In the case of D88-Sn3Ti5, we performed calculations on a 1×1×2 hexagonal supercell containing 32 atoms (called in the following hexa2). The lattice parameters of this cell are ahcp, and 2chcp where ahcp and chcp are the lattice parameters of the D88 unit cell. The reliability of the results was checked by calculations for an orthorhombic supercell built from the hexagonal supercell, this orthorhombic supercell contains 64 atoms. We observed [START_REF] Stacey | Finite strain theories and comparisons with seismological data[END_REF] that the defect energies of formation display a linear behaviour, therefore the energy of formation of the supercell containing one defect, D, expressed per atom is: ∆ = ∆ + where ∆ is the energy of formation of , the defect concentration and the defect formation energy. According to the existence of these preliminary results, the aim of this section is to perform ab initio calculations to find the site preference of Ni in D88-Sn3Ti5. The calculations were performed with the hexa2 supercell described above. The results are presented in figure 7. One has to note that the representation is only schematic; indeed the Ni molar fraction is not zero. These results show that the site preference of Ni is the 2b sites. The values of the Ni defect enthalpies of formation calculated with equation ∆ = ∆ + .

are given in table 5. The Ni atoms display a strong preference of occupying the 2b sites.

Consequently the solubility of Ni in D88-Sn3Ti5 is due to this site preference. Therefore the ternary compound identified as Hf5Sn3Cu type appears stable at low temperature. 

Stability of the fD88-Ti5NiSn3 phase

The calculated values of formation enthalpies and lattice parameters of D88-Ti5Sn3 and fD88 -Ti5NiSn3 phases and the environment of each atom in the fD88-Ti5NiSn3 are displayed in table 6 and 7, respectively.

Table 6. Enthalpies of formation, lattice parameters and internal parameters of the D88

Ti5Sn3 and fD88-Ti5Sn3Ni phases. 1) Values from [START_REF] Villars | Pearson's handbook of crystallographic data for intermetallic phases[END_REF]; 2) Values from [START_REF] Schuster | Crystal structure of CuSn3Ti5 and related phases[END_REF]; 3) Values from0 [START_REF] Romaka | Phase equilibria, formation, crystal and electronic structure of ternary compounds in Ti-Ni-Sn and Ti-Ni-Sb ternary systems[END_REF] In the case of D88-Ti5Sn3 compound, the Fermi level is slightly on the right of dip of the electronic density of states. Below the Fermi level, one observes the hybridization between Sn p states and Ti d states. In the case of fD88-Ti5Sn3Ni, the shape of the electronic density of states is strongly modified [START_REF] Garcia | Chemistry of polar intermetallic compounds. Study of two zirconium-antimony (Zr5Sb3) phases, hosts for a diverse interstitial chemistry[END_REF]. The hybridization between the p states of Sn and d states of Ti is less pronounced and a strong hybridization between Ni d states and Ti d states takes place around -2.5 eV. In order to check this fact, we calculated the charges on each atom in D88-Ti5Sn3 and fD88-Ti5NiSn3 phases. These charges have been computed using the Bader method and are reported in table 8. When the Ti atoms are considered the charge remains very similar in the two phases. In the case of D88-Ti5Sn3, there is a charge transfer from Ti atoms to Sn atoms. In the case of fD88-Ti5NiSn3, there is also a charge transfer from Ti atoms to Ni atoms in such a way that the Ni d band is near filled. This allow us to explain the stability of the ternary phase (compound).

Conclusion

We presented a structural study of alloys close to the composition Ti5NiSn3. By using X-ray powder diffraction experiments at normal conditions and at different pressures, the crystal structure have been determined and the EoS was calculated. These results have been connected with ab-initio calculations and a previously published Calphad description, they were discussed together with the phase diagrams, (Ti-Sn, Ni-Ti-Sn) and an understanding of the problem has been done. Among all the binary phases of the Sn-Ti system (Ti3Sn, Ti2Sn, Ti5Sn3) which are extended by a ternary addition, the results concerning the phase equilibrium

Fig. 1 .

 1 Fig. 1. Isothermal section in orthogonal representation in the ternary Ti-Ni-Sn at the temperature T=500 K [10]. The only zone presented here corresponds to the Ti5Sn3 rich. One can see that the composition number 4 corresponds to a binary solid phase which is also present in the ternary by adding Ni solid.

Figure. 2

 2 shows the sequential plot of the diffraction patterns obtained for the different compositions of Ni-Ti-Sn based compounds with different heat treatments at room temperature (Ti5NiSn3: in black, Ti5Sn3 with 2 wt.%, in red and with 5 wt.% in blue). As is seen all the studied sample present a good crystallinity. As is seen on the figure 2 the Ti5S3-5wt.% Ni presents two phases. This two phases were identified to be Ti5Ni0.868Sn3 (S.G.

Fig. 2 .

 2 Fig. 2. Synchrotron X-ray powder diffraction patterns (λ=0.70814 Å) of: a) Ti5NiSn3 composition, b) Ti5Sn3-2 wt.% Ni and c) b) Ti5Sn3-5 wt.% Ni solids at room temperature. Stars (*) on figure 2.a indicate the (hkl) related to Ti6Sn5.

Fig. 3 .

 3 Fig. 3. Observed (in black) and calculated (in red)X-ray powderdiffraction profile for the Rietveld refinement of Ti5Ni0.868Sn3. The bottom curve (in blue) is the difference plot on the same scale intensity and the tic marks (in green) are the calculated angles for the Bragg peaks in 2θ.

Figure 4

 4 Figure 4 represents the so obtained structural model demonstrated to be isotructural to the one of CuHf5Zn3 established by Rieger et al. [26]. The atomic positions of the elements into the unit cell are in very good agreement with those predicted. The refinement of the structure has demonstrated the occupation of the 6g sites by Sn and Ti and the 4d sites by Ti. In addition, we can see that Ni are into the 2d positions. For this element the partial occupation of the crystallographic site is in very good agreement with the nominal composition of the sample 2 wt.% of Ni.

Fig. 4 .

 4 Fig. 4. Crystal structure of Ti5Ni0.868Sn3 along the (a) [111], (b) [100], (c) [001] and (d) [110] directions. The blue, violet, and gray ball representations correspond to Titanium, Nickel and Tin respectively.

Fig. 5 .

 5 Fig. 5. Synchrotron X-ray powder diffraction patterns of Ti5Ni0.863Sn3 (S.G. P63/mcm) as a function of the applied pressure (in GPa) at room temperature up to 20 GPa (λ=0.4859 Å). Diffraction lines indicated by * correspond to gold (S.G.3 ) used to determined the pressure inside the mDAC.

Fig. 6 .

 6 Fig. 6. Evolution of the a-and c-unit cell parameter (a) and unit cell volume (b) as a function of the applied pressure. The line on the graphs correspond to the equation of state obtained using the third order Birch-Murnaghan model.

Fig. 7 .

 7 Fig. 7. Enthalpies of formation of D88-Ti5Sn3 hexa2 supercell containing one Ni atom as defect.

Fig. 8 .

 8 Fig. 8. Total and partial electronic densities of states a) in D88-Ti5Sn3 and b) fD88-Ti5NiSn3

  

Table 1 .

 1 Characteristics of the binary D88 and ternary fD88 structures.

	Pearson Symbol Prototype	Strukturbericht Designation	Space Group	Wyckoff positions
	hP16	Mn5Si3	D88	P63/mcm	Mn	(4d)	1/3, 2/3, 0
				(No. 193)	Mn	(6g)	x, 0, 1/4
					Si	(6g)	x, 0, 1/4
	hP18	Hf5Sn3Cu	fD88	P63/mcm	Hf	(4d)	1/3, 2/3, 0
				(No. 193)	Hf	(6g)	x, 0, 1/4
					Sn	(6g)	x, 0, 1/4
					Cu	(2b)	0, 0, 0

Recently Romaka et al. and Gürth et al.

Table 2 .

 2 Unit cell parameters c/a ratio and volume obtained using a LeBail fitting procedure of the diffraction patterns presented on figure 2. Ti6Sn5 was treated as an impurity. (* This phase (Ti5Ni0.868Sn3) will be indentified later see next section).

	Sample	Phase	Space Group	a (Å)	b (Å)	c/a	Volume (Å 3 )
	Ti5Sn3-2wt.% Ni Ti5Sn3-5wt.% Ni	Ti5Ni0.868Sn3* Ti5Ni0.868Sn3* Ti6Sn5	P63/mcm P63/mcm P63/mmc	8.1513(1) 5.5478(1) 0.6806 319.2(1) 8.1888(3) 5.5816(3) 0.6816 324.1(1) 9.2263(3) 5.6701(3) 0.6146 418.0(1)
	Ti5NiSn3		P63/mcm	8.1339(7) 5.5601(5) 0.6836 318.6(1)

Table 3 .

 3 Space

	Formulae				Ti5Ni0.868Sn3		
	Mw (g.mol -1 )				645.48			
	S.G.			P63/mcm (No. 163)		
	a (Å)				8.15151(7)		
	c (Å)				5.54786(7)		
	c/a				0.6806			
	V (Å 3 )				319.251(5)		
	T (K) Atom	Site	occupancy	x	298	y	z	Uiso (Å 2 )
	Sn1	6g	1	1	0.61041(13)	1/4 0.61041(13)
	Ti1	4d	1	2/3		1/3	0 0.0231(5)
	Ti2	6g	1	1	0.2568(4)	1/4 0.0231(5)
	Ni1	2b	0.868(13)	1		0	0 0.0231(5)
	rcalculated (g.cm -3 )				6.7147			
	GoF				1.41			
	Rp / wRp				8.49 / 10.69		
	R(obs) /wR(obs)				5.70 / 5.92		
	R(all) /wR(all)				6.09 / 5.94		

group (S.G.), unit cell parameters, goodness of fit and R values for all the refined structure Ti5Ni0.868Sn3.

Table 4 .

 4 Equation of state parameters obtained using the Birch-Murnaghan 3 rd order equation[START_REF] Birch | Finite Elastic Strain of Cubic Crystals[END_REF]. Equations of state and their parameters are defined in the Electronic

	Supplementary Information.			
		V0	K0	KP
	Unit cell volume	318.8(1) Å 3	10.85(1) GPa	4.23(1)
		a0	M0	MP
	a-lattice parameter	8.145(1) Å	346.55(1) GPa	12.78(1)
		c0	M0	MP
	c-lattice parameter	5.545(1) Å	284.13(1) GPa	9.81(1)

Table 5 .

 5 Ni defect's enthalpies of formation.

	Ni position	∆fH(Ni) (eV/defect)
	in 2b (interstitial) in Sn site 6g In Ti site 6g Ni in Ti site 4d	-0.0742 744 1164 784

Table 6

 6 contains also experimental lattice parameters of the phases. The main feature concerns the short interatomic distances between Ti (6g) atoms and Ni (2b) atoms. The electronic densities of states have been computed and are presented in figure8

	for 800°C; 4) Values of this work for the alloy 70Ti-5Ni-25Sn, annealed at 1100°C; 5)
	Values of this work for the alloy 65Ti-5Ni-35Sn, annealed at 1100°C; 6) Values of this work
	for the alloy 55Ti-5Ni-40Sn, annealed at 1100°C; 7) Values of this work for the alloy 35Ti-
	35Ni-30Sn, annealed at 1100°C				
	Phase Ti5Sn3	-∆fH (kJ/mo l) 35736	xTi 0.2428	xSn 0.6085	Lattice parameters (Hexgonal system) Calculated Experimental a c c/a a c 8.071 5.482 0.673 8.049 1) 5.454 1)	c/a 0.677
			8	0	6 8.207	3 5.515	7 0.672	8.128 2)	5.552 2)	6 0.683
					6	1	0		1
	Ti5NiS n3	38930	0.2551 1	0.6094 3				8.135(5) 3)	5.551(5) 3)	0.682 4
								8.111(3) 4)	5.534(3) 4)	0.682 3
								8.091(3) 5)	5.526(3) 5)	0.683 0

Table 7 .

 7 Environment of each atom in fD88-Ti5NiSn3.

		Ti (4d)	Ti (6d)	Sn (6g)	Ni (2d)
	Ti (4d)	2.4	2.758 -2.885	
				2.819
	Ti (6g)		5.6	-2.973 -
				2.507
					2.885
	Sn (6g)			6.5	-2.819 -
					2.973
	Ni (2d)				2.2	2.507 -2.758

Table 8 .

 8 Charges of each atom in D88 Ti5Sn3 and fD88-Ti5NiSn3 phases

		D88-Ti5Sn3		fD88-Ti5NiSn3
	Atom	Charges	Atom	Charges
	6 Sn (6g)	15.56	6 Sn (6g)	15.32
	4 Ti (4d)	11.09	4 Ti (4d)	11.10
	6 Ti (6g)	11.04	6 Ti (6g)	10.89
			2 Ni (2b)	11.15
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along the section Ti3Sn-Ni show that the phase Ti5NiSn3 is a ternary one which is of the type fD88, where the Ni atoms are specially identified in the 2b position. In such a case the structure must be described as a surstructure of D88 (Ti3Sn) type.

We have calculated the lattice constants at different pressure and the EoS too. It is interesting to note that this structure look as elastic and it is an interesting point, usually inter metallic compounds are not so elastics. 
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