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Figure S1. SEM images and EDX analyses of the Li,Mg[PO4]F single crystal used for the data

collection.
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Figure S2. SEM and CCD images, and EDX analyses of the LiyMg;[PO,]4F; single crystal used for

the data collection.
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Figure S3. Views of the tunnels running along the [010] (a), and [011] directions (b).
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Figure S4. Comparison of the atomic positions in Li;Ni[PO4JF and Mg, Fe,Al;[BO;][Si04]O,

structures.
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Figure S5. Group-subgroup scheme in the B
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3.3.3. Effect of the Li/Na ratio on the compounds with the Li,Ni[PO,]F-type structure

When the lithium is replaced by sodium in Li,Ni[PO,4]F, one would expect an increase of the cell parameters due to the
large difference between the ionic radii of Li* and Na'. However, we observed that only the @ and ¢ cell parameters
increased, whereas b decreased. This phenomenon has been also observed in the cobalt and iron Li, Na,M[PO4]F-

5 systems (see the table in Fig. S6%). In order to explain the origin of this common behavior, projection views of the
Ni20;F infinite chains in Li,Ni[PO4]F and Li; 3Nay;Ni[PO4]F are depicted on Fig. S6b, cf, respectively. One can see
clearly a significant tilt of the octahedra forming the Ni2O;F infinite chains, when the lithium is partially replaced by
sodium. The directions of the tilts are represented by green arrows on Fig. S6b'. As a consequence of these tilts, we
observe an increase of the ap4ri04 angle from 148.84 to 160.37 °, a decrease of the dps.osmax distance from 3.795 to
10 3.693 A, and an increase of the dog.oemin distance from 2.494 to 2.526A. This flattening of the ao4.r1.04 angle should
induce an increase of the dy;y; distance and the cell parameter b, since b = 2 X dy;n;. This is in contradiction with
experimental results which shows a decrease of cell parameter b. A more careful examination of the interatomic distances
shows a decrease of the dosrimax from 3.264 to 3.156 A and an increase of doa.pimin from 2.509 to 2.654 A. It is therefore
concluded that when lithium is replace by sodium atoms, the Ni2O;F infinite chains are first compressed along the b-axis

15 (dos-rimas dnini, and b decrease) inducing some strains, which could be reduced by a relaxation along [100] (dos-Fimin and
a increase) and a tilt of the Ni20,F, octahedra along [010] (a04-r1-04 and dos.osmin inCrease, whereas dos.osmax decreases).

It is worth to mention that the 0o4r1.04 angle is flexible and may reach 180 ° when the sodium content is increased.
However, since 06-06 corresponds to the edge of the PO, tetrahedra, the increase of dog.oemin distance is limited. This
restrains the increase of the ao4.r1.04 angle and induces a structural transition to a layered LiNaNi[PO4]F structure when a
20 critical dog.osmin distance is reached.!! Similar to Ni2OsF, the NilOsF infinite chains are compressed along [010] (dos.
Famaxs dnini, and b decrease) however, the Bos.r.os angle is less flattened than aosri.os (see table in Fig. S77). The
flattening of the ao4.r1.04 angle affects strongly the coordination sphere of the Li3 atom (Fig. S6af), whereas the flattening

of the fos.rr.0s5 angle affects little the coordination sphere of the Li2 atom (Fig. S7a'"). In the cobalt, iron and magnesium

Li,  Na,M[PO,4]F-systems, the same behaviors as in the nickel-system are observed, when Na replaces Li (see the table in

25 Fig. 86, 7).
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Cell parameters Structural details around M2
Compounds a (A) b(A) (A d()sl-]'lmig(A) dourimn(A) d(}e-()omg(A) dososmadA)  Foirios (°)
Li,Ni[PO,]F 10.4730 6.2887 10.8460 |2.509 3.264 2.494 3.795 148.84
Li, ;Na,;Ni[PO,]F 10.7874  6.2196 11.1780 | 2.654 3.156 2.526 3.693 160.37
Li,Co[PO,]F 10.4520 6.3911 10.8740 |2.341 3.335 2.493 3.899 144.53
LiNaCo[PO,]JF 10.9334  6.2933 11.3556 | 2.762 3.185 2.539 3.754 162.22
Lij ¢sNag;sFe[POLJF | 10.5108 6.4996 11.0504 |2.625 3.408 2.509 3.991 144.98
LiNaFe[PO,]F 109851 6.3686 11.4343 |2.832 3.236 2.570 3.798 159.40

Figure S6. Projection view along [100] of the structure of Li,Ni[PO4]F (a), and views of the infinite
chains Ni205F, in Li;Ni[PO4]F (b) and Li; 3NaysNi[PO4]F (c). Crystallographic details about the

compounds with Li,Ni[PO,4]F-type structure are reported in the table.
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Compounds a (A) b (A) c(A) d{]s-l-’lm_in(A) d()i-l"lm_at(‘&) d()l-()]m_in(A) dm.mrﬂx(A) Bos.i2.05(°)
Li,Ni[PO,|F 104730 6.2887 10.8460 | 2.590 3.244 2.523 3.766 151.56
Li; ;Nay,Ni[PO,JF |10.7874 6.2196 11.1780 | 2.648 3.190 2.533 3.687 154.33
Li,Co[PO,]F 10.4520 6.3911 10.8740 | 2.645 3.325 2.493 3.899 147.87
LiNaCo[PO,]F 109334 6.2933 11.3556 | 2.730 3.241 2.530 3.763 152.36
Li; 6sNay35Fe[PO,IF | 10.5108  6.4996 11.0504 [2.701 3.388 2.381 4.118 147.21
LiNaFe[PO,F 10,9851 6.3686 11.4343 |2.744 3.298 2.513 3.856 149.88

Figure S7. Projection view along [001] of the structure of Li,Ni[PO4]F (a), and views of the infinite
chains NilOsF, in Li;Ni[PO4]F (b) and Li;3Nag7Ni[PO4]F(c). Crystallographic details about the

compounds with Li,Ni[PO,4]F-type structure are reported in the table.
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Figure S8. Arrhenius plot of the ionic conductivity o of LigMg3;[PO4]4F301;, in air. Closed squarea

and open circles show samples of conbentinal and SPS sintering, respectively.
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Figure S9. Arrhenius plots of the reluxation time 7! of LigMg3;[PO4]4F30;. Red closed and open
squares show montions of lithium ion and anion, e.g. oxide and/or fluoride ion, respectively. Blue

closed diamond is conserened with a mode of defective origin.3°
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Figure S10. Observed, calculated and difference plots for the XRPD (Cu-Ka) radiation) profile
refinement of the composite LigMg4[PO4]5[SO4]F; material. The three phases Li;SO,4, LiMg[POy4]

and Li;,Mg[PO,]F clearly coexist.
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Table S1. Anisotropic ADPs (A2) for Li;Mg[PO4]F and LiyMg;[PO4]4F3. The anisotropic ADP

factor exponent takes the form: —272[(ha*)*U, +... - 2hka*b*U,,].

Atom Un Uy, Uss Un Uss Uy
Li,Mg[PO,]F

Lil 0.0382(15)  0.0345(18)  0.0253(14)  0.0087(10)  0.00479)  0.0079(10)
Li2 0.0143(13) 0.0137(14) 0.0141(13) 0 0.0017(9) 0

Li3/Mg3 0.0266(13)  0.0043(9)  0.0145(9) 0 0.0023(8) 0

Mgl 0.0093(3)  0.01003)  0.0085(3)  -0.00051(19) -0.00085(15) 0.00112(15)
Mg22/Li22 0.0088(3)  0.0081(3)  0.0043(3)  0.00049(19)  0.00032(15) -0.00042(15)
P 0.01102)  0.0091(2)  0.0055(2) 0 0.00110(11) 0

P2 0.0067(2)  0.0087(2)  0.0080(2) 0 0.00035(11) 0

o1 0.0096(4)  0.0102(3)  0.0166(4)  -0.00133)  -0.00202)  -0.0014(3)
02 0.0168(6) 0.0180(5) 0.0090(5) 0 0.0023(4) 0

03 0.0113(6)  0.0262(6)  0.0131(5) 0 0.0022(4) 0

04 0.0081(35)  0.0106(4)  0.0171(5) 0 0.00284) 0

05 0.0134(5)  0.0105(5)  0.0066(4) 0 0.0001(3) 0

06 0.0224(4)  0.0097(4)  0.0082(3)  0.0019(3) 0.0007(3)  0.0011(3)
Fl 0.0104(5)  0.0138(4)  0.0182(4) 0 20.00253) 0

F2 0.0173(5)  0.0146(4)  0.0107(4) 0 0.00013) 0
LigMg3[PO4]4F3

Lil 0.0133)  0.0213)  0.0213)  00043(17)  0.002(2) 0.007(2)
Li2 0.0353)  0.0212)  0017(3)  0.008(3) 0.003(3) 20.0047(19)
Li3 0.0028(17) 0.003(2) 0.0064(17) -0.0010(13) 0.0020(18) 0.002(2)
Mgl 0.0090(3)  0.0082(4)  0.0102(4)  0.0044(3)  -0.0001(5)  0.0000(4)
P 0.0085(3)  0.0067(3)  0.0086(3)  0.00422(19)  0.0001(3)  0.0003(4)
P2 0.00733)  0.0073(3)  0.0085(6)  0.00366(15) 0 0

ol 0.0110(10)  0.010409)  0.0120(8)  0.0069(6) 0.0006(8)  0.0015(8)
02 0.0093(8)  0.0130(9)  0.0165(9)  0.0055(9) 0.0009(7)  -0.0008(12)
03 0.0161(10)  0.0106(9)  0.0116(9)  0.0082(8)  -0.0010(7)  -0.0014(7)
04 0.0172(10) 0.0098(9) 0.0111(11) 0.0068(8) -0.0035(8) -0.0032(7)
05 0.0138(8)  0.0109(8)  0.0103(8)  0.0063(7) 0.0020(7)  0.0009(9)
06 0.01419)  0.0141(9)  00117(14)  0.0070(5) 0 0

F 0.01158)  0.0111(6)  0.0132(6)  0.0036(6)  0.0029(7)  0.0007(5)
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Table S2. Comparison of the crystallographic data of LigMg;[PO,]4F;00; and NagMny[PO,]4F, after

lowering the symmetries from P6; and P2,/c to P2, respectively. The main differences are

highlighted in red.

LioMg;[PO,]F; [, [Space group : P2, (No. 4)] NagMn,[PO4]4F, [Space group : P2; (No. 4)]
a=12.6159(6) A, b=5.0082(4) A, ¢ = 12.6159(6) A, a=13.6830 A,b=53170 A, c=13.7683 A

ﬂ =120°, V= 690.32(7) AS, 7Z=2 ﬁ =120.04 O, V=2867.13 AS, zZ=2

Atom X y z Atom X y z
Lila 0.91596  0.34609 0.08346 Nal 2 0.92016 0.26170 0.08350
Lilb 0.83250  0.84609 0.91596 Na4 2 0.83455 0.73700 0.92191
Lilc 0.91654  0.34609 0.83250 Mn2 2 0.92356 0.22901 0.85041
Li2a 0.82524  0.79962 0.42936 Na4 1 0.83455 0.76300 0.42191
Li2b 0.60412  0.79962 0.17476 Na2 2 0.58023 0.75620 0.16325
Li2c 0.57064  0.79962 0.39588 Mnl 1 0.57610 0.77224 0.42666
Li3a 091379  0.27109 0.57909 Nal 1 0.92016 0.23830 0.58350
Li3b 0.66530  0.27109 0.08621 Na3 2 0.66608 0.25860 0.08680
Li3c 0.42091  0.27109 0.33470 Na2 1 0.41977 0.24380 0.33675
Mgla 0.93254  0.26874 0.35849 Mn2 1 0.92356 0.27099 0.35041
Mglb 0.42594  0.26874 0.06745 Mnl 2 0.42390 0.22776 0.07334
Mglc 0.64152  0.26874 0.57406 Na3 1 0.66608 0.24140 0.58680
Plb 0.84677  0.75424 0.16576 P2 2 0.83782 0.78350 0.17335
O2b 0.90816  0.75313 0.08608 05 2 0.90370 0.70190 0.11520
O5b 0.83408  0.45809 0.19409 04 1 0.85110 0.07170 0.19420
O4b 0.92631  0.90619 0.28440 Ol 1 0.88340 0.64650 0.28620
03b 0.71920  0.88192 0.09711 06 2 0.71190 0.72140 0.09830
P2 0.33333  0.79544 0.66667 P11 0.33795 0.78560 0.66529
Olc 0.59815  0.18600 0.20247 02 2 0.59730 0.21450 0.21010
Olb 0.79753  0.18600 0.39568 08 1 0.78750 0.22010 0.38520
Ola 0.60432  0.18600 0.40185 03 1 0.61400 0.14660 0.39900
06 0.66667  0.60217 0.33333 07 1 0.65150 0.57390 0.34630
Pla 0.83424  0.75424 0.68101 P2 1 0.83782 0.71650 0.67335
O3a 0.90289  0.88192 0.62208 051 0.90370 0.79810 0.61520
O5a 0.80591  0.45809 0.63999 04 2 0.85110 0.42830 0.69420
0O2a 0.91392  0.75313 0.82209 012 0.88340 0.85350 0.78620
O4a 0.71560  0.90619 0.64191 06 1 0.88340 0.85350 0.78620
Plc 0.68101  0.25424 0.84677 P1 2 0.66205 0.21440 0.83471
O3c 0.62208  0.38192 0.71920 02 1 0.59730 0.28550 0.71010
O4c 0.64191  0.40619 0.92631 032 0.61400 0.35340 0.89900
0O2c 0.82209  0.25313 0.90816 08 2 0.78750 0.27990 0.88520
O5c¢ 0.63999  -0.04191 0.83408 07 2 0.65150 -0.07390 0.84630
Fla 0.03892  0.07408 0.52264 F1 1 0.00030 0.00040 0.48680
Flb 0.51628  0.57408 0.03892 F2 2 0.49270 0.50160 0.00860
Flc 0.47736  0.07408 0.51628 F2 1 0.49270 -0.00160 0.50860
Vacant - - - F1 2 0.00030 0.49960 0.98680
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