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Introduction

The orthophosphate compounds have received a great attention owing to its structural richness. All structures of those compounds are based on the connection of PO4 tetrahedral groups with MOn polyhedra (M generally represents transition and /or alkaline earth metals).

According to its structural type and the nature of the metal cations, many physical and chemical properties can be observed for these class of materials such as: electrochemical [START_REF] Trad | Phosphates de fer de structures originales comme matériaux d'électrode positive pour batterie au lithium ou au sodium[END_REF][START_REF] Kim | LiFePO4 with an alluaudite crystal structure for lithium ion batteries[END_REF][START_REF] Kim | Alluaudite LiMnPO4 : a new Mn-based positive electrode for Li rechargeable batteries[END_REF][START_REF] Essehli | Alluaudite Na2Co2Fe(PO4)3 as an electroactive material for sodium ion batteries[END_REF][START_REF] Masquelier | Polyanionic (Phosphates , Silicates , Sulfates) Frameworks as Electrode Materials for Rechargeable Li (or Na) Batteries[END_REF], magnetic [START_REF] Riou-Cavellec | Magnetic iron phosphates with an open framework[END_REF][START_REF] Hadouchi | Synthesis, Crystal Structure and Properties of a New Phosphate, Na2Co2Cr(PO4)3[END_REF][START_REF] Harbaoui | Synthesis and Structural, Electrical, and Magnetic Properties of New Iron-Aluminum Alluaudite Phases β-Na2Ni2M(PO4)3 (M = Fe and Al)[END_REF] and catalytic properties [START_REF] Miller | Oxidative dehydrogenation of ethane over iron phosphate catalysts[END_REF][START_REF] Moffat | Phosphates as catalysts[END_REF][START_REF] Kacimi | Structural features of AgCaCdMg2(PO4)3 and AgCd2Mg2(PO4)3, two new compounds with the alluaudite-type structure, and their catalytic activity in butan-2-ol conversion[END_REF]. Moreover, It is well known that the orthophosphate compounds doped by the rare-earth elements exhibit a very interesting luminescence properties [START_REF] Yang | phosphate phosphor Ba3Y(PO4)3 : Sm 3+[END_REF][START_REF] Pelova | Luminescence of alkali-earth phosphates activated with manganese and cerium[END_REF][START_REF] Bedyal | Effects of cationic substitution on the luminescence behavior of Dy 3+ doped orthophosphate phosphor[END_REF][START_REF] Donker | On the Luminescence of Some Tin-Activated Alkaline-Earth Orthophosphates[END_REF].

In this context, our focus of interest is axed on the tetra-orthophosphate based materials. On the basis of our bibliographic analysis, those phosphates can be represented with the general formula, M3M'3(PO4)4, A2(M/M')5(PO4)4 or A3M"3(PO4)4 (A, M/M' and M" represent mono-, bi-and trivalent cations respectively). Accordingly, it has been found that the members of the M3M'3(PO4)4 phosphates group, M3Cu3(PO4)4 (M = Ca, Sr and Pb) and Ca3Mg3(PO4)4, crystallize in the monoclinic system with different space groups [START_REF] Effenberger | Sr3Cu3(PO4)4, Pb3Cu3(PO4)4, BaCu2(PO4)2• H2O, and Ba2Cu(PO4)2• H2O : Crystal Structures and Topological Relationships[END_REF][START_REF] Drillon | 1D ferrimagnetism in copper(II) trimeric chains: Specific heat and magnetic behavior of A3Cu3(PO4)4 with A = Ca, Sr[END_REF][START_REF] Anderson | The Crystal Structure of Ca3Cu3(PO4)4[END_REF][START_REF] Wu | Synthesis and color-tunable luminescence properties of Eu 2+ and Mn 2+ -activated Ca3Mg3(PO4)4 phosphor for solid state lighting[END_REF]. However, the tetraorthophosphate A2(M/M')5(PO4)4, namely Na2Cd5(PO4)4 [START_REF] Ben Hamed | Synthesis , crystal structure and spectroscopic characterization of a new cadmium phosphate , Na2Cd5(PO4)4[END_REF], Na2Ca5(PO4)4 [START_REF] Celotti | A misunderstood member of the nagelschmidtite family unveiled : structure of Ca5Na2(PO4)4 from X-ray powder diffraction data[END_REF], Na2Mg5(PO4)4 [START_REF] Yamakawa | Un monophosphate de magnésium et de sodium[END_REF], Na2Zn5(PO4)4 [START_REF] Ji | A new structure type of phosphate : Crystal structure of Na2Zn5(PO4)4[END_REF], Li2Cu5(PO4)4 [START_REF] Cui | Synthesis , crystal structure and optical properties of Li2Cu5(PO4)4[END_REF] and Cs2Zn5(PO4)4 [START_REF] Guo | Cs2Zn5(PO4)4 and Cs3La(PO4)2: Two Cs-Containing Phosphates with Three-Dimensional Frameworks[END_REF], known till now, represent a structurally rich group since those phosphates adopt different crystal structure in triclinic, monoclinic, quadratic or hexagonal systems. Moreover, a great deal of interest has been accorded to the third tetra-orthophosphate group, K3Cr3(PO4)4 [START_REF] Kouass | Tripotassium Trichrome (III) Tetraphosphate K3Cr3(PO4)4: Synthèse, Étude Structurale, Caractérisation et Conductivité Ionique, Phosphorus. Sulfur[END_REF], Na3Fe3(PO4)4 [START_REF] Trad | A Layered Iron(III) Phosphate Phase, Na3Fe3(PO4)4 : Synthesis, Structure, and Electrochemical Properties as Positive Electrode in Sodium Batteries[END_REF] and Na3V3(PO4)4 [START_REF] Liu | Novel 3.9 V Layered Na3V3(PO4)4 Cathode Material for Sodium Ion Batteries[END_REF], which crystallize in the orthorhombic and monoclinic system respectively, owing to its interesting properties in the electrochemistry applications as positive electrodes for sodium batteries [START_REF] Trad | A Layered Iron(III) Phosphate Phase, Na3Fe3(PO4)4 : Synthesis, Structure, and Electrochemical Properties as Positive Electrode in Sodium Batteries[END_REF][START_REF] Liu | Novel 3.9 V Layered Na3V3(PO4)4 Cathode Material for Sodium Ion Batteries[END_REF]. Besides, it is worth to mention the rarely encountered tetra-phosphates: (i) the bi-and trivalent cations based tetraphosphates Pb3Fe2(PO4)4 [START_REF] Sqalli | Synthesis, crystal structure and magnetic properties of Fe2Pb3-xBax(PO4)4 (0≤x<3)[END_REF] and Ba3Bi2(PO4)4 [START_REF] Masse | Structure of tribarium dibismuth tetrakis(phosphate)[END_REF] both adopt a monoclinic symmetry and (ii) the only tetra-orthophosphate NaCaFe3(PO4)4, grouping mono-, di-and trivalent cations which crystallizes in the orthorhombic system [START_REF] Hidouri | Crystal structure, magnetic properties and Mossbauer spectroscopy of[END_REF].

In the present work, we aim to develop the synthesis, the crystal structure determination from single crystal x-ray diffraction data and magnetic properties of a new calcium, magnesium and iron phosphate, namely Ca2MgFe2(PO4)4.

Experimental

Synthesis

Both single crystal and powder of the title phosphate Ca2MgFe2(PO4)4 were synthesized from stoichiometric mixtures of CaCO3 (Fisher Chemical 98%), MgO (Fisher Chemical 95%), Fe2O3 (Fisher Chemical 99.99%) and NH4H2PO4 by the solid-state reaction. Two stoichiometric mixtures were progressively heated up in a platinum crucible at 300°C, 400°C, 500°C and 600°C. The first product was melted at 980°C and maintained at this temperature during 10 min before being slowly cooled to 300°C at a rate of 5°C/h. The final product consisted of transparent single crystals of the title compound. While, the second mixture has undergone heat treatments up to 700 °C where it is kept for 6 days to obtain the Ca2MgFe2(PO4)4 pure powder.

Experimental Techniques

The Ca2MgFe2(PO4)4 structure was determined at room temperature by single crystal X-ray diffraction using a four-circles diffratometer Bruker X8 equipped with an Apex II CCD detector and graphite monochromator for Mo Kα radiation, λ = 0.71073 Å. The software APEX2 was used for data collection and SAINT for cell refinement and data reduction.

Absorption corrections were made using the SADABS program [START_REF] Sheldrick | SADABS version 2004/1, A Program for Empirical Absorption Correction[END_REF] from equivalent reflections on the basis of multiscans. The crystal structure was solved using direct method and refined by SHELXT 2013 [START_REF] Sheldrick | SHELXT -Integrated space-group and crystal-structure determination[END_REF] and SHELXL 2013 [START_REF] Sheldrick | Crystal structure refinement with SHELXL[END_REF] programs incorporated in the WinGX [START_REF] Farrugia | WinGX and ORTEP for Windows: an update[END_REF] program. For structural drawing, DIAMOND [START_REF] Putz | DIAMOND-Crystal and molecular structure visualization. Crystal Impact-GbR[END_REF] was used. The X-ray diffraction diagram (XRD) of Ca2MgFe2(PO4)4 powder was collected using Panalytical X'pert Pro diffractometer, with Bragg-Brentano geometry (-2) and a X-ray tube with a copper anticathode (K1 = 1.54056 Å ; K2 = 1.54441 Å). The diffraction pattern was recorded in 2 = 10 ° -100 ° angular range with a measurement step of 0.02 ° and a counting time of 30 s pro step. The Ca2MgFe2(PO4)4 powder XRD diagram was refined using pattern matching method with Jana 2006 program [START_REF] Petrícek | Crystallographic computing system JANA2006: General features[END_REF]. The Infrared spectrum of Ca2MgFe2(PO4)4 was recorded between 400 and 4000 cm -1 region using the JASCO FT/IR-4600 spectrometer. The spectrum measurement is made on pellet prepared from a mixture of 1% of Ca2MgFe2(PO4)4 in KBr. The susceptibility versus temperature (H = 0.05 and 0.1 T) and magnetization versus field (at various temperatures) data have been collected on a polycrystalline sample between 1.8 K and 400 K until H = 9T, using a PPMS Dynacool (Quantum Design) system. Zero field cooled and Field Cooled routines have been employed for (T).

Results and discussion

Crystal structure determination

The crystal structure of Ca2MgFe2(PO4)4 was determined from single crystal XRD data in the orthorhombic system with the Pbca space group and the unit cell parameters: a = 9.3357(7) Å ; b = 8.7340(6) Å and c = 29.422(2) Å. The Fe1, Fe2, Ca1, Ca2, Mg1 , P1, P2, P3 and P4 atoms are localized using the direct method by means of SHLEXS97 program [START_REF] Sheldrick | Crystal structure refinement with SHELXL[END_REF]. After the refinement of those cationic positions, sixteen O 2-anions have been localized in a Fourier difference map and refined by the least square method. All these ions are in fully occupied general positions (8c) of the Pbca space group. However, the structure presents a disorder in two cationic sites. Indeed, the Fe2 site is shared by 75% of iron and 25% of magnesium atoms, so called Fe2/Mg1 site. The Mg1 site is occupied by 75% of Mg and 25 % of Fe, so named Mg2/Fe3 site. The validity of this model is corroborated by the final reliability factors obtained: R = 1.9 % and wR = 4.8 % with S = 1.08, in accordance with the crystallographic sites occupation and the charge neutrality. Crystal data and structure refinement parameters for Ca2MgFe2(PO4)4 are summarized in Table 1. Atomic coordinates, occupancies and equivalent isotropic atomic displacement parameters, anisotropic displacement parameters for the studied phosphate are detailed in Table 2 andTable 3.

The Fe1 atom is surrounded by six oxygen atoms to form an octahedral environment, Fe1O6, with the Fe1-O distances ranging from 1.973(1) Å to 2.079(1) Å as shown in Table 4. The Fe2/Mg1 site presents a rectangular-based pyramidal geometry (Fe2/Mg1)O5. Significant Fe2/Mg1-O distances are summarized in Table 4. Five oxygen atoms surround the magnesium and iron atoms localized on the Mg2/Fe3 site giving arise to triangular based bipyramidal geometry (Mg2/Fe3)O5. The Mg2/Fe3-O distances are extending from 1.991(1) Å to 2.050 (1) Å (Table 4) and the O1 -Mg2/Fe3-O13 angle is equal to 169.39(6) °.

Two of each polyhedron P2O4, P3O4, (Fe1)O6 and (Mg2/Fe3)O5 consecutively share vertices so as to construct the first kind of ring (Fig. 1a). Each ring is surrounded by eight other identical rings to form the first type of sheet in the (a, b) plane (Fig. 1b). A second kind of ring is made from the alternated connection of four P4O4 and four rectangular-based pyramid (Fe2/Mg1)O5 by means of corners (Fig. 1c). This latter ring is interconnected to eight other like rings to build a second type of sheet parallel to the plane (a, b) (Fig. 1d).

Two consecutive first kind layers are connected to each other with the P1O4 tetrahedra so as to build double layers (Fig. 2a). Those double layers are connected by the second type of sheet (Fig. 2b) leading to a three-dimensional network delimiting cavities occupied by Ca 2+ cations (Fig. 3).

Based on our bibliographic analysis and to our knowledge, the present compound, Ca2MgFe2(PO4)4, shows an original structure which is similar to that of the only orthophosphate cited in the literature NaCaFe3(PO4)4 [START_REF] Hidouri | Crystal structure, magnetic properties and Mossbauer spectroscopy of[END_REF]. However, the most important difference between the two structures lies in the disorder of the two cationic sites in the structure of the studied phosphate.

Powder X-ray diffraction analysis

The powder of the title phosphate was obtained after heat treatment at 700 °C during 6 days.

Its corresponding XRD patterns profile was refined using "Le bail Method" [START_REF] Bail | Whole powder pattern decomposition methods and applications: A retrospection[END_REF] of Jana 2006 program [START_REF] Petrícek | Crystallographic computing system JANA2006: General features[END_REF]. The success of the refinement is attested by the good accordance between the observed (Yobs) and the calculated (Ycalc) patterns as shown in Fig. 4. The final reliability factors obtained for this powder model are Rp = 1.59, Rwp = 2.69 and S =1.81.

Infrared spectroscopy (IR)

Fig. 5 shows the infrared spectrum of Ca2MgFe2(PO4)4. The observed absorption bands at 1148 cm -1 , 1084 cm -1 and 1043 cm -1 can be assigned to ν3 of P-O antisymmetric stretching mode. Besides, the band situated at 1222 cm -1 can be likely assigned to the ν3 mode of the shorter P-O. The band at 980 cm -1 is associated to ν1 of P-O symmetric stretching mode. The absorption bands at 646 cm -1 , 603 cm -1 , 555 cm -1 and 552 cm -1 can be assigned to the ν4 symmetric modes. The peak around 473 is attributed to ν2 mode. The presence of only isolated tetrahedra (PO4 3-) is confirmed by the absence of absorption bands between 700 cm -1 and 900 cm -1 which are the characteristic of the P-O-P angular deformation absorptions [START_REF] Cui | Synthesis , crystal structure and optical properties of Li2Cu5(PO4)4[END_REF].

Magnetic properties

The magnetic properties of the title compounds are complicated by both the non-trivial iron connectivity in this dense phase, mostly mediated by PO4 bridges and by the mixed Fe/Mg occupancy within the Fe 3+ (S = 5/2, L = 0) magnetic sublattice. For simplification, we assume here that the main bulk properties are driven by the fully occupied Fe1 and 75% occupied Fe2 sites. Fe3 being 25% occupied, we considered its influence as a local decoration of the main magnetic framework, subject to its influence, but enable to rule out the exchanges in a cooperative manner due to its high degree of dilution in the crystal. The ZFC and FC (T) plots collected at 0.H = 0.05T are given Fig. 6a. The 7K-400K region obeys a Curie weiss (CW) law:  = c/(T -CW) and was fitted by eff = (8C) = 5.83 B/Fe 3+ and CW = -38.5 K.

The effective moment is in perfect agreement with the spin only value for Fe 3+ (5.91 B/Fe 3+ ) which refutes any significant orbital contribution as expected for L = 0 single ions. The negative CW temperature validate predominant validate antiferromagnetic exchanges, as expected by Goodenough-kanamori rules from any kind of Fe 3+ -O-Fe 3+ super-echanges (SE) significantely different from 90° and gor Fe 3+ -O-O-Fe 3+ super-super exchanges (SSE). As a matter of facts SSE paths predominate in Ca2MgFe2(PO4)4 while only the Fe1(100%)-O-Fe3(25%) SE is achieved. One counts 8 and 7 SSE-neighbors around Fe1 and Fe2 respectively, leading to the average J/Kb Fe-Fe coupling of -1.75K using the mean field approximation θCW = Ʃi zi S(S+1) Ji, Fe-Fe/3Kb with z the average number of neighbors (=7.5) and S = 5/2. This weak mean value does not take into consideration the distribution of exchange values in the structure and one should empirically hierachize them as discussed later, for a comprehensive interpretation. Their interaction is responsible for the complex low-T behavior resumed in Fig. 6b which shows: i) a magnetic ordering responsible for the the sharp (T) anomaly at TN = 13.3 K. ii) a second smeared transition at Tt = 5.7 K with appearing at lower temperature of a net magnetic moment, as evidenced by the ZFC/FC divergence. This effect is marked in M(H) plots in the first 0→9T and second 9T→0T branches below TN.

-Here, during the field induced spin alignement (1 st branch), a weak metamagnetic/spin flop transition is observed around Hmeta ≈ 2.7T at 2K as shown from the peak on dM/dH, see Fig. 6b, reminiscent of the closing of a low-field blocked spin configuration. This transition is prohiminent below Tt.

-Decreasing the field (2 nd branch), this contribution is retained above a critical field HC. We found HC ≈ 0.1T at TN-10K, HC ≈ 0.056T at 5K, and HC ≈ 0.012T at 2K assorted with a remanent moment at zero field at the later temperature. This behavior is reminiscent of spin frustration that plausibly occurs as described below.

With the aim to give a plausible scenario, we should examine carefully the SSE's in competition. We checked that the strongest expected ones (i.e. according to the empirical criteria that they display the smallest dihedral/torsion Fe-O-O-Fe angles [START_REF] Whangbo | Spin exchange interactions and magnetic structures of extended magnetic solids with localized spins : theoretical descriptions on formal , quantitative and qualitative levels[END_REF] to enhance the magnetic delocalization across p orbitals) are effective in the (a,c) layers dealing : strong J1(Fe1O-O-Fe1), J2(Fe1-O-O-Fe2) and weakest J3(Fe2-O-OFe2) and J4(Fe2-O-O-Fe2), see Table 5. All together they define non-frustrated pseudo-hexagonal AFM layers, shown Fig. 7 where white and black Fe-sites denote up and down colinear spins with an arbitrary direction. We recall that that the neglectable orbital contribution for Fe 3+ (L = 0) suggests anisotropic magnetic single ions, oriented by spin-lattice coupling (i.e. along specific crystallographic axes) rather than by local d-overlapping [START_REF] Melot | Magnetic Structure and Properties of the Li-Ion Battery Materials FeSO4F and LiFeSO4F[END_REF], such that a collinear spin-structure is presumed. Along the b-axis, the couplings between the layers also occur by SSE exchanges (Fe1-O-O-Fe1 and/or Fe2-O-O-Fe2), that we found in smaller extent in the crystal structure, according to the dense distribution of Fe ions within the (a,c) leaves. Fe3 (25% occ.) weakly perturbate the layers contribution below TN but their contribution turns to significant on further cooling down to Tt or increasing the field until Hmeta. In fact, the 25% of Fe3 are "locally" coupled to Fe1 by strong AFM super-exchanges J5 with Fe3-O-Fe1 = 104.3°, but also coupled to Fe2 by significant SSE J6 exchanges with Fe3-O-O-Fe2 = 6.2°. In Fine, it forms a statistic distribution (25%) of frustrated J2-J5-J6 triangles, shown in red Fig. 6. It is probable that the Fe3 spin orientation is dominated by the SE J5 below TN but should rapidly flop to a frustrated equilibrium position when all JS come in competition below Tt. Such a situation validates an easy field-induced re-alignement, at the metamagnetic transition.

Conclusion

In this paper, we have reported a new calcium magnesium and iron orthophosphate, 
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Table 1

 1 Crystal data and structure refinement for Ca2MgFe2(PO4)4

	Crystal data

Table 2 :

 2 Atomic coordinates, occupancies and equivalent isotropic displacement parameters (Å 2 ) for

	Ca2MgFe2(PO4)4				
	Atom	Occupation	x	y	z	Uéq
	Fe1	1	0.64595 (3)	0.60846 (3)	0.196251 (8)	0.00527 (6)
	Fe2/Mg1	0.75/0.25	0.69856 (3)	0.54472 (3)	0.043350 (9)	0.00511 (6)
	Mg2/Fe3	0.75/0.25	0.32487 (5)	0.77518 (6)	0.12837 (1)	0.0105 (1)
	P1	1	0.35795 (5)	0.81205 (5)	0.23506 (1)	0.00462 (8)
	P2	1	0.45056 (5)	0.44136 (5)	0.11940 (1)	0.00579 (9)
	P3	1	0.88616 (5)	0.41175 (5)	0.13281 (1)	0.00555 (8)
	P4	1	0.40656 (5)	0.73416 (5)	0.01686 (1)	0.00601 (9)
	Ca1	1	1.03281 (4)	0.66505 (4)	0.19113 (1)	0.00787 (7)
	Ca2	1	0.39729 (4)	1.08148 (5)	0.06107 (1)	0.01321 (8)
	O1	1	0.2661 (2)	0.7733 (2)	0.19375 (4)	0.0094 (2)
	O2	1	0.3659 (1)	0.9861 (1)	0.24327 (4)	0.0082 (2)
	O3	1	0.3019 (1)	0.7360 (1)	0.27836 (4)	0.0078 (2)
	O4	1	0.5108 (1)	0.7488 (2)	0.22902 (4)	0.0095 (2)
	O5	1	0.5201 (2)	0.4530 (2)	0.16660 (4)	0.0101 (3)
	O6	1	0.5531 (2)	0.4634 (2)	0.08035 (5)	0.0163 (3)
	O7	1	0.3915 (2)	0.2750 (1)	0.11648 (4)	0.0096 (2)
	O8	1	0.3227 (2)	0.5504 (2)	0.11595 (4)	0.0131 (3)
	O9	1	1.0475 (1)	0.4555 (2)	0.13681 (4)	0.0114 (3)
	O10	1	0.8150 (1)	0.5065 (2)	0.16978 (4)	0.0106 (3)
	O11	1	0.8736 (2)	0.2393 (2)	0.13965 (4)	0.0176 (3)
	O12	1	0.8425 (2)	0.4595 (2)	0.08498 (4)	0.0154 (3)
	O13	1	0.3592 (2)	0.8103 (2)	0.06101 (4)	0.0120 (3)
	O14	1	0.5663 (2)	0.6958 (2)	0.01539 (5)	0.0127 (3)
	O15	1	0.3826 (2)	0.8546 (2)	-0.02110 (4)	0.0127 (3)
	O16	1	0.3081 (1)	0.5947 (1)	0.00867 (4)	0.0095 (2)

Table 3

 3 Anisotropic displacement parameters (Å 2 ) for Ca2MgFe2(PO4)4

	Atom	U 11	U 22	U 33	U 12	U 13	U 23
	Fe1	0.0057 (1) 0.0050 (1) 0.0051 (1) -0.00013 (9)	-0.00009 (8)	-0.00064 (8)
	Fe2/Mg1	0.0050 (1) 0.0058 (1) 0.0046 (1) -0.0001 (1)	-0.0001 (1)	0.00068 (9)
	Mg2/Fe3	0.0135 (2) 0.0113 (2) 0.0067 (2) -0.0051 (2)	0.0016 (2)	-0.0025 (2)
	P1	0.0053 (2) 0.0040 (2) 0.0045 (2) 0.0001 (2)	0.0003 (1)	0.0000 (1)
	P2	0.0059 (2) 0.0059 (2) 0.0055 (2) -0.0014 (2)	0.0001 (2)	0.0006 (1)
	P3	0.0069 (2) 0.0048 (2) 0.0050 (2) 0.0010 (2)	0.0004 (2)	0.0005 (1)
	P4	0.0068 (2) 0.0049 (2) 0.0063 (2) 0.0006 (2)	0.0005 (2)	0.0002 (1)
	Ca1	0.0083 (2) 0.0084 (2) 0.0069 (1) -0.0002 (1)	0.0005 (1)	-0.0003 (1)
	Ca2	0.0144 (2) 0.0131 (2) 0.0121 (2) -0.0029 (2)	0.0006 (14)	-0.0038 (1)
	O1	0.0102 (6) 0.0125 (6) 0.0055 (5) -0.0025 (5)	-0.0016 (4)	-0.0008 (4)
	O2	0.0133 (6) 0.0041 (5) 0.0072 (5) -0.0002 (5)	0.0010 (5)	-0.0001 (4)
	O3	0.0079 (6) 0.0085 (6) 0.0070 (5) -0.0013 (5)	0.0007 (4)	0.0029 (4)
	O4	0.0075 (6) 0.0104 (6) 0.0107 (5) 0.0028 (5)	0.0022 (5)	-0.0003 (5)
	O5	0.0118 (6) 0.0101 (6) 0.0082 (5) -0.0036 (5)	-0.0036 (5)	0.0002 (4)
	O6	0.0153 (7) 0.0215 (8) 0.0121 (6) -0.0055 (6)	0.0075 (5)	-0.0002 (5)
	O7	0.0130 (7) 0.0073 (6) 0.0087 (5) -0.0030 (5)	-0.0001 (5)	-0.0005 (4)
	O8	0.0113 (7) 0.0137 (6) 0.0145 (6) 0.0045 (5)	-0.0019 (5)	-0.0013 (5)
	O9	0.0069 (6) 0.0144 (7) 0.0128 (6) 0.0012 (5)	0.0011 (5)	-0.0045 (5)
	O10	0.0102 (6) 0.0101 (6) 0.0115 (6) 0.0017 (5)	0.0036 (5)	-0.0035 (5)
	O11	0.0379 (9) 0.0058 (6) 0.0091 (6) 0.0003 (6)	0.0045 (6)	0.0007 (5)
	O12	0.0184 (7) 0.0192 (7) 0.0086 (6) 0.0057 (6)	-0.0025 (5)	0.0032 (5)
	O13	0.0162 (7) 0.0110 (6) 0.0087 (6) -0.0001 (5)	0.0029 (5)	-0.0023 (5)
	O14	0.0072 (6) 0.0107 (6) 0.0200 (6) 0.0007 (5)	0.0004 (5)	-0.0008 (5)
	O15	0.0122 (7) 0.0115 (6) 0.0143 (6) 0.0027 (5)	0.0030 (5)	0.0065 (5)
	O16	0.0095 (6) 0.0081 (6) 0.0110 (6) -0.0011 (5)	0.0000 (5)	-0.0007 (5)

Table 4

The bond lengths (Å) for crystal Ca2MgFe2(PO4)4