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Figure S1. Rietveld refinement pattern of XRD results for NMVP@C.
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Figure S2. SEM images of (a and b) NMVP@C@CNTs and (c and d) NMVP@C samples.
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Figure S3. Core-level XPS spectra of a) V 2p, and b) Mn 2p for NMVP@C sample.
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Figure S4. Cyclic voltammetry (CV) curves for the first 5 cycles of NMVP@C electrode at a scan

rate of 0.1 mV s (vs. Na*/ Na).
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Figure S5. Cycling stability of the NMVP@C electrode for 4000 cycles at ultrahigh-rate of 40 C.
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Figure S6. XRD pattern of the NMVP@C@CNTs after 4000 cycles at 40 C.
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Figure S7. Detailed schematic diagram of a single-step GITT experiment at ~3.60V for

NMVP@C@CNTs composite. (Current density: 0.075 C, 8.25 mA g!).

The charging time was set at 1200 s (1), followed by a rest process lasted 3600 s. For

calculating the diffusion coefficient of sodium ions (D), the equation can be as follows!:

] et gl

Where L, mg, My, V,,, S represent the thickness of the loading slurry, mass, molecular

weight, molar volume, surface area of the NMVP@C@CNTs cathode material.
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Figure S8. (a) CV curves of NMVP@C cathode at different scan rate; the inset is the log (i) as a
function of log (v) at different redox states; (b) The calculated capacitance contribution (red region)

for the CV curve of NMVP@C at a scan rate of 0.2 mV s°! (vs. Na*/Na).

The pseudocapacitive contributions to Na storage in NMVP@C@CNTs and
NMVP@C nanocomposites could be further investigated by using the following
equations?:

b

ip=av (S2)
log (ip) =b x log(v) + loga (S3)

Where a, b, k;, and k, are adjustable parameters. v, i represent scan rate and current,

respectively.
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Figure S9. (a and b) SEM images, (c) TEM image, (d) HRTEM image, (¢) Raman spectra and (f)

XPS spectra of the CNTs.
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Figure S10. (a) Cycling performance and (b) corresponding charge/discharge curves in different
cycles of CNTs material as cathode for sodium-ion batteries at 1 C (110 mA g!) in a voltage range

of 2.5-3.8 V vs. Na*/Na.
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. Cycling performance of both samples at 1 C.
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Table S1. Detailed structural information of NMVP@C derived from Rietveld refinement.

Space group = R-3c Ryp = 4.40% R, =3.12%
a (A)=8.95294 c (A)=21.49638 a(®°)=90
B(°)=90 v (°)=120 V (A3) =1492.201
Atom X y z frac
Nal 0.00000 0.00000 0.00000 1.040
Na2 0.64133 0.00000 0.25000 0.971
Mn 0.00000 0.00000 0.15324 0.500
A% 0.00000 0.00000 0.14280 0.500
P 0.29423 0.00000 0.25000 1.000
01 0.02665 0.21927 0.19422 1.000
02 0.18456 0.17371 0.08788 1.000
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Table S2. Detailed structural information of NMVP@C@CNTs derived from Rietveld

refinement.
Space group = R-3c Ruwp =4.21% R, =2.95%
a (A) = 8.96634 c (A)=21.45855 a(®°)=90
B(°)=90 v (°)=120 V (A3) = 1494.037
Atom X y z frac
Nal 0.00000 0.00000 0.00000 1.040
Na2 0.64540 0.00000 0.25000 0.971
Mn 0.00000 0.00000 0.15167 0.500
A" 0.00000 0.00000 0.14796 0.500
P 0.29869 0.00000 0.25000 1.000
Ol 0.02308 0.22138 0.19468 1.000
02 0.18433 0.16951 0.08177 1.000
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Table S3. Surface parameters of the NMVP@C and NMVP@C@CNTSs nanocomposite samples.

Sample BET surface area  BJH pore volume Pore size (nm)
(m* g™ (em® g
NMVP@C 82.6036 0.174051 8.42827
NMVP@C@CNT 122.4544 0.254544 8.31472

S

Table S4. ICP-OES analysis of the NMVP@C sample.

Atomic Ratio / %

Sample Na Mn \% P
NMVP@C 4.04 1.00 0.99 293




Table S5. Comparison of cycling stability of the NMVP@C@CNTs with other Na;MnV(PO,);

materials proposed in literature.

Materials Voltage range Cycling stability Ref.
(V vs. Na*/Na)
NasMnV(PO4);@C@CNTs 2.5-3.8 50 mA h g! after 4000 cycles at 40  This
C, capacity retention: 68.3% work
Na;MnV(PO,);@C 2.5-3.8 ~97 mA h g! after 450 cycles at 1 [3]
C, capacity retention: ~96%
NasMnV(PO4);@C@GA 2.5-3.8 53.7 mA h g! after 4000 cycles at [4]
20 C, capacity retention: 68.8%
NasMnV(PO,)3/1%MWCNTs 1.5-4.5 ~134 mA h g! after 40 cycles at [5]
0.05 C, capacity retention: ~99.1%
Na;MnV(PO,);@C 2.5-4.0 ~60 mA h g! after 10 cycles at 0.2 [6]
C, capacity retention: ~64.5%
NasMnV(PO4);-rGO 2.5-3.8 86 mA h g! after 60 cycles at 0.1

C, capacity retention: 91.5%

[7]
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