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Note S1. Raman-based determination of lateral crystallite size (La):

The lateral crystallite size (La) was determined from the ID1/IG ratio using the Tuinstra-
Koenig relation:

           (S1)

𝐿𝑎=
4.4
𝐼𝐷1
𝐼𝐺

× (2.41𝐸𝐿 )4

where EL represent the laser energy, which is equal to 2.3308 eV for 532 nm.

Note S2. Theoretical Capacity:

The theoretical capacity ( ) of Na3.5V1.5Mn0.25Fe0.25(PO4)3 is calculated by the following 𝐶𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙

formula:

𝐶𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙= (𝑛 × 𝐹)/(𝑀 × 3.6)

Where F is the Faraday constant (96485 C/mol), M is the molecular weight of 

Na3.5V1.5Mn0.25F0.25(PO4)3  (469.5 g/mol) and n is the number of electrons (assumed to be 2).

𝐶𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙= (2 × 96485)/(469.5 × 3.6)
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 mAh g-1𝐶𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙~114.2

Note S3. Energy density:

Energy density = Average discharge voltage× discharge capacity of the cathode material

Fig. S1. (a) XRD patterns and (b) TG curves of NVMFP and of NVMFP/C powders.

Fig. S2. Second charge–discharge profile of NVMFP and NVMFP/C cathodes at 0.1 C.



Fig. S3. Cycling performance of NVMFP/C at 0.5 C.

Fig. S4. Voltage profiles of NVMFP/C at 10 C for different cycle numbers.



Fig. S5. Repeatability tests of NVMFP/C at 10 C.

Fig. S6. Ex-situ XRD patterns of NVMFP/C (a) at different voltage stages during the first 

cycle at C/10 and (b) after 1400 cycles at 10 C.

Table S1. Elemental composition of Na, Mn, and Fe in the NVMFP/C sample determined by 

ICP-OES.

Na Mn FeICP 
results 3.42 0.26 0.26



Table S2. Geometric parameters (Å, º) for NVMFP/C.

Distances (Å)
P1—O1i 1.539 (4) V1—O2 2.005 (5)
P1—O1ii 1.539 (5) V1—O2v 2.005 (4)
P1—O2iii 1.505 (5) V1—O2iii 2.005 (6)
P1—O2iv 1.505 (5) Na1—O1 2.517 (4)
Fe1—O1 2.031 (4) Na1—O1v 2.517 (5)
Fe1—O1v 2.031 (5) Na1—O1iii 2.517 (5)
Fe1—O1iii 2.031 (5) Na1—O1vi 2.517 (4)
Fe1—O2 2.005 (5) Na1—O1vii 2.517 (5)
Fe1—O2v 2.005 (4) Na1—O1viii 2.517 (5)
Fe1—O2iii 2.005 (6) Na2—O1i 2.488 (7)
Mn1—O1 2.031 (4) Na2—O1ix 2.395 (4)
Mn1—O1v 2.031 (5) Na2—O1ii 2.488 (6)
Mn1—O1iii 2.031 (5) Na2—O1x 2.395 (5)
Mn1—O2 2.005 (5) Na2—O2xi 3.217 (6)
Mn1—O2v 2.005 (4) Na2—O2xii 2.857 (7)
Mn1—O2iii 2.005 (6) Na2—O2xiii 3.217 (7)
V1—O1 2.031 (4) Na2—O2xiv 2.857 (6)
V1—O1v 2.031 (5) Na2—O2i 2.604 (4)
Angles (º)
O1i—P1—O1ii 110.1 (4) O1v—Mn1—O1iii 85.6 (4)
O1i—P1—O2iii 110.4 (4) O1v—Mn1—O2 87.8 (3)
O1i—P1—O2iv 106.5 (4) O1v—Mn1—O2v 87.7 (3)
O1ii—P1—O2iii 106.5 (5) O1v—Mn1—O2iii 171.0 (5)
O1ii—P1—O2iv 110.4 (6) O1iii—Mn1—O2 171.0 (4)
O2iii—P1—O2iv 113.1 (4) O1iii—Mn1—O2v 87.8 (3)
O1—Fe1—O1v 85.6 (3) O1iii—Mn1—O2iii 87.7 (3)
O1—Fe1—O1iii 85.6 (3) O2—Mn1—O2v 98.1 (3)
O1—Fe1—O2 87.7 (3) O2—Mn1—O2iii 98.1 (5)
O1—Fe1—O2v 171.0 (4) O2v—Mn1—O2iii 98.1 (4)
O1—Fe1—O2iii 87.8 (3) O1—V1—O1v 85.6 (3)
O1v—Fe1—O1iii 85.6 (4) O1—V1—O1iii 85.6 (3)
O1v—Fe1—O2 87.8 (3) O1—V1—O2 87.7 (3)
O1v—Fe1—O2v 87.7 (3) O1—V1—O2v 171.0 (4)
O1v—Fe1—O2iii 171.0 (5) O1—V1—O2iii 87.8 (3)
O1iii—Fe1—O2 171.0 (4) O1v—V1—O1iii 85.6 (4)



O1iii—Fe1—O2v 87.8 (3) O1v—V1—O2 87.8 (3)
O1iii—Fe1—O2iii 87.7 (3) O1v—V1—O2v 87.7 (3)
O2—Fe1—O2v 98.1 (3) O1v—V1—O2iii 171.0 (5)
O2—Fe1—O2iii 98.1 (5) O1iii—V1—O2 171.0 (4)
O2v—Fe1—O2iii 98.1 (4) O1iii—V1—O2v 87.8 (3)
O1—Mn1—O1v 85.6 (3) O1iii—V1—O2iii 87.7 (3)
O1—Mn1—O1iii 85.6 (3) O2—V1—O2v 98.1 (3)
O1—Mn1—O2 87.7 (3) O2—V1—O2iii 98.1 (5)
O1—Mn1—O2v 171.0 (4) O2v—V1—O2iii 98.1 (4)
O1—Mn1—O2iii 87.8 (3)

Symmetry codes:  (i) -x+2/3, -y+1/3, -z+1/3;  (ii) -x+y+1/3, y-1/3, z+1/6;  (iii) -x+y, -x, z;  

(iv) y, x, -z+1/2;  (v) -y, x-y, z;  (vi) -x, -y, -z;  (vii) y, -x+y, -z;  (viii) x-y, x, -z;  (ix) y+2/3, -

x+y+1/3, -z+1/3;  (x) x+1/3, x-y-1/3, z+1/6;  (xi) x+1, y, z;  (xii) -y+1, x-y, z;  (xiii) x-y+1, -y, 

-z+1/2;  (xiv) -x+1, -x+y, -z+1/2.

Table S3. Raman spectra deconvolution results and ID/IG intensity ratios for NVMFP and 
NVMFP/C samples presented in Fig. 1d.

Sample Peak Center Max Max Height FWHM Peak ratio ID/IG
D4 1223.4020 994.8166 75.8727 D4/G 0.4299
D1 1354.5700 5043.9100 90.6398 D1/G 2.1801
D3 1544.3270 3772.5240 82.4604 D3/G 1.6357

NVMFP

G 1609.4750 2313.6230 36.5847 - -
D4 1244.2860 1244.2860 74.1806 D4/G 0.3262
D1 1357.1150 4692.2040 77.6917 D1/G 1.2303
D3 1537.0830 4000.7500 98.4868 D3/G 1.0489

NVMFP/C

G 1594.7400 3813.9180 36.1320 - -

Table S4. Performance comparison of some V/Mn/Fe‐based polyanionic cathodes.

Cathode Electrolyte system

Active 
mass 
basis 
(%)

Mass 
loading 

(mg 
cm−2)

Voltage 
window

Voltag
e (V)

Rate
Performance

Capacity 
retention Ref.

Na3.25V1.75Mn0.25(PO4)3@C 1 M NaClO4 in PC:EC (1:1 
v/v) 75 2.5  2.7 – 4.2 V 3.38

107.0 mA h g-1 at 0.1 
C

105.1 mA h g-1 at 0.2 
C

101.6 mA h g-1 at 0.5 
C

98.5 mA h g-1 at 1 C
95.3 mA h g-1 at 2 C
90.8 mA h g-1 at 5 C
86.4 mA h g-1 at 10 C

82.54% after 500 
cycles at 1C [1]

Na4V0.8Al0.2Mn(PO4)3
1 M NaClO4 in PC + 2% 

FEC 70 5.5 2.5 − 3.8 V 3.47

91.7 mA h g-1 at 0.2 
C

89.9 mA h g-1 at 0.5 
C

86.8 mA h g-1 at 1 C
86.4 mA h g-1 at 2 C
85.5 mA h g-1 at 5 C
84.4 mA h g-1 at 10 C
83.3 mA h g-1 at 20 C
83.1 mA h g-1 at 30 C
82.1 mA h g-1 at 40 C

92% after 1000 
cycles at 5C [2]

Na3.5Mn0.5V1.5(PO4)3/C (carbon 
content of 7.9 wt%)

1 M NaClO4 in PC + 5% 
FEC 75 1.8  2.5 – 4.1 V 3.43

108.6 mA h g-1 at 1 C
108.3 mA h g-1 at 2 C
108.3 mA h g-1 at 5 C
107.0 mA h g-1 at 10 

90.7% after 500 
cycles at 5C

87.2% after 4000 

[3]



C
104.5 mA h g-1 at 20 

C
100.1 mA h g-1 at 40 

C
92.7 mA h g-1 at 60 C

cycles at 20 C

Na3.5Mn0.5V1.5(PO4)3@C@CNT
s

1 M NaClO4 in PC + 10 
wt% FEC 70 2.5±0.5  2.5 – 4.2V 3.45

120 mA h g-1 at 0.2 C
114.1.4 mA h g-1 at 

0.5 C
110.8 mA h g-1 at 1 C
106.6 mA h g-1 at 2 C
101.8 mA h g-1 at 5 C
96.2 mA h g-1 at 10 C

~80 % after 8000 
cycles at 10 C

80.2 % after 2000 
cycles at 5C

[4]

Na3.04V1.96Mn0.04(PO4)3@CNTs 1 M NaClO4 in PC + 2 
vol% FEC 70 1.5  2.3 – 4.1 V 3.35

120.8 mA h g-1 0.1 C
112.7 mA h g-1 1 C
105.8 mA h g-1 3 C
102.5 mA h g-1 5 C
98.7 mA h g-1 9 C

68.21% after 4000 
cycles at 50 C [5]

Na3.4VFe(PO4)3
1 M NaClO4 in EC: DMC + 

5 wt.% FEC 70 ~0.8-1.2  1.7 – 4.3 V ~2.9

121.21 mA h g-1 0.1 
C

100 mA h g-1 0.2 C
77 mA h g-1 0.5 C
70 mA h g-1 1 C
56 mA h g-1 2 C

42.7 mA h g-1 5 C
32.7 mA h g-1 10 C
26.3 mA h g-1 20 C
27.9 mA h g-1 50 C

46% after 500 
cycles at 1 C [6]

Na3V1.5Mn0.5(PO4)3
1 M NaClO4 in EC/PC (1:1 

v/v) + 2 wt% FEC 70 ~1  1.4 – 4.0 V 3.34

155.5 mA h g-1 at 1 C
145.4 mA h g-1 at 2 C
132.4 mA h g-1 at 3 C
114.4 mA h g-1 at 5 C
96.0 mA h g-1 at 7 C
85.5 mA h g-1 at 9 C
79.4 mA h g-1 at 10 C

~60% after 300 
cycles at 5 C [7]

Na3.3V1.5Mn0.3Al0.2(PO4)3
1 M NaClO4 in PC + 2% 

FEC 70 5  2.5 – 4.2 V 3.44

126.6 mA h g-1 at 0.1 
C

122.2 mA h g-1 at 0.2 
C

119.8 mA h g-1 at 0.5 
C

116.8 mA h g-1 at 1 C
115.mA h g-1 at 2 C
111 mA h g-1 at 5 C
107 mA h g-1 at 10 C
94 mA h g-1 at 20 C

88.8% after 3000 
cycles at 10 C

[8]

Na3.25VMn0.25Fe0.75(PO4)3/NC@
CNTs 1 M NaClO4 80 1.0−1.5  2.0 − 3.8 V 3.14

107.9 mA h g-1 at 0.1 
C

101.7 mA h g-1 at 0.5 
C

98.1 mA h g-1 at 1 C
86.9 mA h g-1 at 5 C
78.9 mA h g-1 at 10 C
57.2 mA h g-1 at 20 C

80.1% after 2000 
cycles at 10 C [9]

Na4VMn0.5Fe0.5(PO4)3
1 M NaClO4 in PC + 2% 

FEC 70 3.5  

2.0 − 3.8 V 
(Cycling

Performan
e)

2.0 − 4.0V
(Rate

Performan
e)

~3

120.0 mA h g-1 at 0.5 
C

113.6 mA h g-1 at 1 C
109.2 mA h g-1 at 2 C
106.0 mA h g-1 at 5 C
103.1 mA h g-1 at 10 

C
95.5 mA h g-1 at 20 C

99.3% after 500 
cycles at 5 C

94% after 3000 
cycles at 20 C

[10]

Na4VFe(PO4)3
1 M NaClO4 in PC + 5 % 

FEC 80 - 1.5 − 4.2 V 2.95

154.7 mA h g-1 at 0.1 
C

126.2 mA h g-1 at 0.2 
C

117.2 mA h g-1 at 1 C
110.0 mA h g-1 at 2 C
103.9 mA h g-1 at 5 C
98.6 mA h g-1 at 10 C
94.3 mA h g-1 at 15 C
90.8 mA h g-1 at 20 C

80 % after 800 
cycles at 20 C [11]

Na3.5V1.5Mn0.25Fe0.25(PO4)3
1 M NaClO4 in PC:EC (1:1 

v/v) + vol% FEC 70 ~2 1.5 − 4.3 V 3.07

146 mA h g-1 at 0.5 C
134 mA h g-1 at 1 C

119 mA h g-1 at 2.5 C
101 mA h g-1 at 4 C
97 mA h g-1 at 5 C

74.34 % after 
1400 cycles at 10 

C

This 
work

Table S5. Fitting quality parameters for b-value determination.

Peak b-values Fitting quality metrics Voltage region 

(V) 

R1 0.50014 ± 0.02682 R-Square (COD) 0.99428

Adj. R-Square 0.99142

2.99-2.86



R2 0.72078 ± 0.04146 R-Square (COD) 0.99343

Adj. R-Square 0.99014

3.27-3.16

R3 0.73449 ± 0.01064 R-Square (COD) 0.99958

Adj. R-Square 0.99937

3.89-3.84

O1 1.0212 ± 0.0321 R-Square (COD) 0.99803

Adj. R-Square 0.99704

3.46-3.33

O2 0.47896 ± 0.02657 R-Square (COD) 0.99388

Adj. R-Square 0.99704

3.86-3.71

O3 0.9354 ± 0.06959 R-Square (COD) 0.98905

Adj. R-Square 0.98358

4.19-4.60

Table S6. Evolution of sodium concentrations for the NVMFP/C cathode during the charging 
process, including the D×t×L-2 kinetic condition and associated error bars.

xNa+ in NaxV1.5Fe0.25Mn0.25(PO4)3 D D×t×L-2 Error bar
3.42495 3.95762× 10-12 6.54152× 10-4 15,84%
3.37491 3.20433× 10-11 0.0053 5,51%
3.32488 4.89188× 10-11 0.00809 5,97%
3.27484 4.23901× 10-11 0.00701 6,32%
3.2248 2.51344× 10-11 0.00415 5,16%
3.17476 5.82855× 10-11 0.00963 17,11%
3.12471 1.18132× 10-10 0.01953 18,24%
3.07467 9.36868× 10-11 0.01549 37,25%
3.02463 1.71616× 10-10 0.02837 45,76%
2.97459 1.00391× 10-10 0.01659 25,11%
2.92455 1.07628× 10-10 0.01779 28,73%
2.87452 7.64607× 10-11 0.01264 10,39%
2.82448 4.64958× 10-11 0.00769 8,62%
2.77445 9.46162× 10-11 0.01564 8,76%
2.72441 1.84933× 10-10 0.03057 7,98%
2.67437 1.69126× 10-10 0.02795 9,21%
2.62433 1.27717× 10-10 0.02111 10,30%
2.57429 6.69881× 10-11 0.01107 7,13%
2.52426 5.8116× 10-11 0.00961 6,04%
2.47422 9.61848× 10-11 0.0159 7,36%
2.42419 7.98018× 10-11 0.01319 5,84%
2.37415 7.40489× 10-11 0.01224 10,98%
2.32411 7.89045× 10-11 0.01304 8,89%
2.27407 7.54975× 10-11 0.01248 9,90%
2.22403 9.41466× 10-11 0.01556 8,32%
2.17398 8.88982× 10-11 0.01469 10,05%



2.12394 1.94658× 10-10 0.03217 10,38%
2.07391 3.73349× 10-10 0.06171 12,46%
1.92379 2.7546× 10-11 0.00455 16,05%
1.87375 6.15819× 10-11 0.01018 27,57%
1.82371 6.05516× 10-11 0.01001 10,49%
1.77366 4.52955× 10-11 0.00749 7,09%
1.72362 4.25037× 10-11 0.00703 5,23%
1.67357 3.92418× 10-11 0.00649 5,14%
1.62353 3.77306× 10-11 0.00624 6,22%
1.57349 3.52474× 10-11 0.00583 7,89%
1.52345 2.57287× 10-11 0.00425 9,46%
1.47341 9.86601× 10-12 0.00163 11,36%
1.43586 9.48367× 10-13 1.56755× 10-4 8,47%
1.41594 8.7008× 10-13 1.43815× 10-4 8,21%
1.40272 1.00591× 10-10 0.01663 7,79%
1.39185 2.06146× 10-10 0.03407 5,20%
1.38236 4.41721× 10-11 0.0073 5,00%
1.37371 3.24834× 10-13 5.36916× 10-5 5,00%
1.3653 1.2667× 10-11 0.00209 5,00%
1.35676 9.60549× 10-15 1.58768× 10-6 5,00%
1.34817 6.50422× 10-12 0.00108 5,00%
1.33979 1.59065× 10-10 0.02629 5,01%
1.33194 2.89657× 10-10 0.04788 5,00%
1.32481 2.13678× 10-10 0.03532 5,00%
1.31832 1.02477× 10-10 0.01694 5,00%
1.31233 1.3036× 10-10 0.02155 5,00%
1.3067 2.38472× 10-12 3.94169× 10-4 5,00%
1.3014 4.06079× 10-12 6.71205× 10-4 5,00%
1.29634 1.66593× 10-12 2.7536× 10-4 5,00%
1.29151 6.42193× 10-13 1.06148× 10-4 5,00%
1.2868 3.57863× 10-12 5.91509× 10-4 5,00%
1.28182 5.77764× 10-11 0.00955 5,00%
1.27588 3.90487× 10-12 6.45433× 10-4 5,00%
1.26908 1.07892× 10-10 0.01783 5,00%
1.25638 1.44518× 10-10 0.02389 5,00%
1.25098 8.65048× 10-12 0.00143 5,00%
1.246 1.05718× 10-11 0.00175 5,00%

1.24138 3.80166× 10-12 6.28373× 10-4 5,00%
1.23703 5.12212× 10-13 8.46631× 10-4 5,00%
1.23278 3.5404× 10-12 5.8519× 10-4 5,00%
1.22833 3.82275× 10-11 0.00632 5,00%

Table S7. Evolution of sodium concentrations for the NVMFP/C cathode during the 
discharging process, including the D×t×L-2 kinetic condition and associated error bars.

xNa+ in NaxV1.5Fe0.25Mn0.25(PO4)3 D D×t×L-2 Error bar



1.30105 7.90421× 10-11 0.01306 9,25%
1.35112 5.85686× 10-11 0.00968 5,48%
1.40118 6.95428× 10-11 0.01149 6,80%
1.45125 6.282× 10-11 0.01038 5,42%
1.50131 6.5541× 10-11 0.01083 5,23%
1.55136 7.07789× 10-11 0.0117 6,09%
1.60142 7.51885× 10-11 0.01243 6,74%
1.65148 8.23715× 10-11 0.01362 7,27%
1.70154 8.39555× 10-11 0.01388 7,34%
1.7516 8.86613× 10-11 0.01465 7,75%
1.80167 8.03509× 10-11 0.01328 7,18%
1.85173 7.25362× 10-11 0.01199 7,28%
1.90179 6.73229× 10-11 0.01113 6,89%
1.95185 6.20056× 10-11 0.01025 6,64%
2.00191 7.02612× 10-11 0.01161 7,54%
2.05197 6.20117× 10-11 0.01025 7,47%
2.10202 7.72839× 10-11 0.01277 9,08%
2.15208 7.85334× 10-11 0.01298 8,83%
2.20214 8.21264× 10-11 0.01357 10,48%
2.25221 7.57358× 10-11 0.01252 10,01%
2.30227 7.76654× 10-11 0.01284 9,65%
2.35233 7.28236× 10-11 0.01204 8,86%
2.4024 6.84081× 10-11 0.01131 9,23%
2.45246 6.90576× 10-11 0.01141 8,84%
2.50251 8.51438× 10-11 0.01407 9,21%
2.55257 9.67219× 10-11 0.01599 8,78%
2.60263 1.77516× 10-10 0.02934 7,55%
2.65269 1.80685× 10-10 0.02987 10,37%
2.70275 2.36704× 10-10 0.03912 11,89%
2.75281 2.58124× 10-10 0.04267 12,84%
2.80287 3.06445× 10-10 0.05065 14,74%
2.85293 4.71732× 10-10 0.07797 16,08%
2.95304 6.61303× 10-11 0.01093 30,01%
3.0031 1.35722× 10-11 0.00224 20,91%
3.05315 4.03351× 10-11 0.00667 6,77%
3.10321 1.55299× 10-11 0.00257 12,49%
3.15326 1.03235× 10-11 0.00171 6,02%
3.20331 3.67936× 10-11 0.00608 8,77%
3.25336 5.44934× 10-10 0.09007 24,38%
3.30341 7.73143× 10-11 0.01278 38,74%
3.35345 5.3449× 10-10 0.08835 37,08%
3.4035 2.51614× 10-10 0.04159 23,81%
3.45355 2.24705× 10-10 0.03714 7,61%
3.55364 5.61909× 10-11 0.00929 6,53%
3.60369 1.799× 10-11 0.00297 8,14%
3.65374 1.09699× 10-11 0.00181 9,30%



3.70378 9.15005× 10-12 0.00151 10,26%
3.75383 8.77843× 10-12 0.00145 8,41%
3.80388 8.58924× 10-12 0.00142 12,37%
3.85392 9.02145× 10-12 0.00149 10,99%
3.90397 9.60984× 10-12 0.00159 12,57%
3.95402 1.20296× 10-11 0.00199 13,75%
3.99351 5.79829× 10-12 9.58396× 10-4 17,31%
4.01844 3.49561× 10-13 5.77787× 10-5 18,87%
4.03885 1.96916× 10-15 3.2548× 10-7 15,15%
4.06047 1.38216× 10-14 2.28456× 10-6 14,96%
4.08493 3.81422× 10-14 6.3045× 10-6 19,10%
4.11009 2.01923× 10-13 3.33757× 10-5 20,46%
4.13331 3.17644× 10-13 5.25032× 10-5 20,37%
4.1536 1.77719× 10-13 2.9375× 10-5 18,35%
4.17149 9.36706× 10-14 1.54827× 10-5 14,45%
4.18767 9.03568× 10-14 1.4935× 10-5 17,33%
4.20217 2.81282× 10-14 4.64929× 10-6 14,90%
4.21514 9.74167× 10-15 1.61019× 10-6 8,05%
4.22711 1.41933× 10-14 2.34599× 10-6 5,19%
4.23808 1.12787× 10-14 1.86425× 10-6 5,08%
4.24859 5.00872× 10-16 8.27888× 10-8 5,85%
4.25928 7.00856× 10-15 1.15844× 10-6 5,10%

Table S8. Fitted EIS parameters of NVMFP/C.
Condition Ro CPECEI-T CPECEI-P RCEI CPEct-T CPEct-P Rct W1-R W1-T W1-P
After 1st 
charge 5,704 4,1538× 10-5 0,75113 143,4 0,0012908 0,90695 2090 63485 6,482 0,81475

After 1st 
discharge 5.203 8,7435× 10-6 0,79586 550,2 0,00037396 0,70106 1462 156 10,33 0,70014
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