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Table S1. Comparison of state-of-the-art cathode materials for NIBs

NIB cathode materials Ave. Potential (V) Sp. Capacity Sp. Energy
vs. Na/Na* (mAh g) (Wh kg1)

0O3-NaMn, »sFe( 5sNig 250, 3.0 140 420
P2- Na,Mgg ;1 Mng 9O, 3.0 148 444
P3/P2/03-Nag 76Mny sNij3Feq 1Mgp 10, 33 155 511
Na,Fe(PO,)F 3.0 100-124 300-372
Na;V,(PO,); 3.4 117 397
Na;V,(PO,),F; 3.9 120 468
Na,Fe)(SOy); 3.8 100-120 380-456
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Figure S1. Rietveld analysis of powder XRD patterns recorded for Na, ,V3;P,03
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Figure S2 a) discharge and charge curves of as synthesized Na,V;P,0;; for the first two cycles, b)
cycling bahviour of the same cell. The discharge-charge curves were obtained at 25 °C, at a current rate of
C/20 and in the voltage window of 1.0-4.5 V vs. Na/Na*. Capacities were calculated based on the weight
of the active material.
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Figure S3 first discharge curves of Na,V;P,0;3 and Na;V3;P,0,;. The discharge curves were obtained at

25 °C, at a current rate of C/20 and the cells were discharged to 1.5 V vs. Na/Na*. Capacities were
calculated based on the weight of the active material.
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Figure S4 SEM images of a) Na,V;P,0,5 and b) Na;V;P,03

Table S2. Structural data of Na,V;P,0,; determined from Rietveld analysis of X-ray powder diffraction
data. Oxidation states of the different vanadium ions are assigned according to determination of bond
distances in agreement with DFT based calculations reported in section O.

V}I\::e olf:;::le atom type X y z occ. B [A?]
8e / Nal Na* 0.2155(4) 0.0464(3) 0.1075(4) 1 0.50(3)
8e/V1 Vs 0.4796(2) 0.3676(2) 0.7555(3) 1 0.50(3)
4ad /Vv2 v+ 1, 3/, 0.5624(4) 1 0.50(3)
8e /P1 ps+ 0.4849(3) 0.1249(5) 0.8715(3) 1 0.50(3)
8e /01 o~ 0.4288(6) 0.5037(5) 0.3046(8) 1 0.50(3)
8e/02 o~ 0.4216(5) 0.1450(4) 0.0469(7) 1 0.50(3)
8e/03 o~ 0.3513(5) 0.0862(5) 0.3544(7) 1 0.50(3)
8e/04 o~ 0.8682(5) 0.1160(5) 0.3921(6) 1 0.50(3)
8e /05 o* 0.5903(5) 0.1489(5) 0.3940(7) 1 0.50(3)
8e /06 o* 0.0635(5) 0.2093(5) 0.2437(7) 1 0.50(3)
4d /07 o* iy, 3/, 0.8672(10) 1 0.50(3)
a[Al 10.1096(1) b [A] 11.9790(1) c[A] 8.3842(1)
Rup 8.3% Rerage 33% GOF 1.12




Table S3. Structural data of chemically sodiated Na;V;P,01; determined from Rietveld analysis of X-ray
powder diffraction data. Oxidation states of the different vanadium ions are assigned according to

determination of bond distances in agreement with DFT based calculations reported in section 0.

v}";ftl; olf:;;tle atom type x y z occ. B [A?]
8e / Na1 Na* 0.2245(4) 0.0050(4) 0.0723(7) 1 1.00(5)
4c/Na2 Na* i, 1, 0.5243(8) 1 1.00(5)
8e/V1 v 0.4786(2) 0.3705(2) 0.7507(4) 1 1.00(5)
4d/v2 v i, 3/, 0.6491(5) 1 1.00(5)
8e /P1 ps+ 0.4806(3) 0.1205(3) 0.8514(4) 1 1.00(5)
8e /01 o* 0.4404(5) 0.4956(6) 0.2662(11) 1 1.00(5)
8e /02 o* 0.4182(5) 0.1302(5) 0.0403(9) 1 1.00(5)
8e /03 o* 0.3557(6) 0.1049(6) 0.3580(10) 1 1.00(5)
8e /04 o* 0.8759(6) 0.1210(6) 0.3659(9) 1 1.00(5)
8e /05 o* 0.6199(6) 0.1653(5) 0.3705(10) 1 1.00(5)
8e /06 o* 0.0621(6) 0.2029(5) 0.2320(10) 1 1.00(5)
4d /07 o* i, 3/, 0.8436(16) 1 1.00(5)

a[A] 10.3095(4) b [A] 12.5169(4) c[A] 8.0943(3)
Rup 3.2% Rerage 0.9 % GOF 1.33

Table S4. Structural data of chemically prepared Na,,V;P,01; determined from Rietveld analysis of X-
ray powder diffraction data. Refinement of the Na site occupation did not prove to be stable and was

therefore fixed to a value determined independently.

‘71?:?2;:'6 atom type X y z occ. B [A%)
8e /Nai Na* 0.2145(3) 0.0466(2) 0.1040(3) 0.908(4) 1.19(3)
8e/ V1 Vs 0.4801(1) 0.3669(1) 0.7556(2) 1 1.19(3)
4ad/v2 v 1/, 3/, 0.5616(2) 1 1.19(3)
8e /P1 ps+ 0.4878(2) 0.1203(2) 0.8720(2) 1 1.19(3)
8e /01 o* 0.4363(3) 0.5009(3) 0.2980(5) 1 1.19(3)
8e /02 o* 0.4215(3) 0.1417(3) 0.0453(5) 1 1.19(3)
8e /03 o* 0.3513(4) 0.0870(3) 0.3481(5) 1 1.19(3)
8e /04 o* 0.8671(3) 0.1216(3) 0.3886(4) 1 1.19(3)
8e /05 o* 0.5919(3) 0.1499(3) 0.3802(4) 1 1.19(3)
8e /06 o* 0.0593(3) 0.2049(3) 0.2456(5) 1 1.19(3)
4d /07 o* 1/, 3/, 0.8807(6) 1 0.50(3)
a[Al 10.1882(2) b [A] 11.9785(3) c[A] 8.3832(2)
Rup 3.5% Rerage 1.7% GOF 1.50




Table S5. Refined bond distances of Na,V;P,0,; together with most likely assignment of vanadium
oxidation states in agreement with DFT based calculations and bond distances which would be expected
from Shannon’s ionic radii.

d(Nal-Ox) [A] d(‘z;;?i)il)[A] d(‘g;:i’z)[‘&] d(P1-Ox) [A]
03 | 2274(7) | 05 | 1.625(6) | 07 1.637(9) 04 | 1.499(6)
o1 | 2288(7) | 03 | 1.636(6) | 04 2.037(6) 07 | 1.5527)
02 | 24487) | 02 | 1.8516) | 04 2.037(6) 02 | 1.622(7)
04 | 2484(7) | O1 | 1.8686) | 05 2.051(5) ol | 1.735(7)
03 | 2533(7) | 06 | 1.9487) | 05 2.051(5)

05 | 2.660(7) 07 2.555(9)
06 | 2.736(7)
Ol | 3.382(8)
1.96 (CN=5
dunean 2.60 dunean 1.79 oo | oy ECN:6§ dimean 1.60

Table S6. Refined bond distances of chemically sodiated Na;V3;P,0O,; together with most likely
assignment of vanadium oxidation states in agreement with DFT based calculations and bond distances
which would be expected from Shannon’s ionic radii '3.

d(Nal-Ox) [A] | d(Na2-Ox) [A] d(‘g;(:i’z)m d(‘(’i}(zi’z)[‘&] d(P1-Ox) [A]
04 | 2.2748) | 02 | 2.296(6) | 03 | 1.567(7) | 07 1.574(14) 06 | 1.481(8)
03 | 2.293(9) | 02 | 2.296(6) | 05 | 1.806(7) | OS5 1.717(6) 04 | 1.484(7)
Ol | 2.3149) | 03 | 2.5108) | 02 | 1.813(8) | O5 1.717(6) Ol | 1.661(8)
05 | 2433(7) | 03 | 2.5108) | O1 | 1.8788) | 04 2.075(7) 02 | 1.663(8)
02 | 2.551(7) | 06 | 2.6319) | 06 | 2.145(7) | 04 2.075(7)
03 | 2.957(9) | 06 | 2.631(9) 07 2.473(14)
06 | 3.257(8) | 06 | 3.114(9)
Ol | 3.3319) | 06 | 3.114(9)

03 | 3.433(9)

03 | 3.433(9)
doean | 268 | dpewn | 264 | doen | 184 | diean }:gi Egg;g; doean | 1.57




Table S7. Lattice parameters obtained from DFT calculations on Na,V3;P,0; (y = 1-3).

Na;V3P,013 Pc2in 10.250 12.103 8.439
Na,V3P,013 Pcen 10.345 12.155 8.420
Na3V3P;013 Pccn 10.4584 12.6304 8.111

Table S8. Calculated bond distances for DFT calculated structure optimizations of Na,V3;P,0,5 (y = 1-3).*
:= For Na, V3;P,0,3 bond distances as obtained for the ordering of sodium ions belonging to a lowering of
symmetry are given exemplarily (Pccn 2 Pc2,n), resulting in a splitting of the 8e site to two sites with 4-
fold multiplicity.

Na;V3P,045* Na,V3P,0;3 Na;V3P,0:3* Na,V3P,0;3

(V5+) (V5+) (V5+) (VM.)
1.635 | 1.602 1.628 1.626 1.622
1.837 1.868
1.748 1.810 1.764
1.864 1.868
1.910 1.884 1.940
1.902 1.999
1.942 | 1.931 1.960 o o
1.944 1.990 1.985 . .

2.595 2.588

1.84 (CN=5)
1.97 (CN=6)

1.87 (CN=5)

1.84 1.84 1.855 1.99 (CN=6)

Table S9. Calculated voltages for sodium insertion and extraction steps of Na,V;P,0;3. * := different
distributions of sodium ions on the 8e site were investigated, resulting in slightly different energies.

NasV3P,0;3 2 Na,V5P,0,5 + Nat + e 1.97

Na,V3P,0;5 = Na;V5P,0,5 + Nat + e 3.23 - 3.29*




