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The test of diffusion coefficient of sodium ions
In the low-frequency region of the Nyquist plot, we can calculate the diffusion
coefficient of sodium ions within the battery. The value can be determined using the

following equation®2:

R?T?
DN} =
2A’n?F4C?0?
Where C can be calculated through the density and molar mass of the composite
material (i.e., C = material density / molar mass), F is the Faraday constant (96500 C
mol™), A is the electrode surface area, T is the absolute temperature (298.15 K), R is
the gas constant (8.314 J K'! mol™!), n is the number of electrons per molecule in the
redox process, and ¢ is the Warburg factor related to Z' (the real part of the battery

impedance, in ohms) and w (frequency, in Hz). The calculation formula for the Warburg

factor o is:

1
Z' =Re+R; +ow 2

In the above equation, R, represents the electrolyte resistance, Re; is the charge transfer
resistance, and w is the angular frequency in the low-frequency region. That is, ¢ can
be obtained through linear fitting in the low-frequency region. The specific method is
as follows: Draw a line with a slope of 45° on the graph and make it tangent to the
Warburg impedance. Select five points in the tangential section to create a w™"? - Z' plot,
where w = 21tf. Perform a linear fit on the w™'’? - Z' plot, and the slope obtained from

this linear fit is o.
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Fig. S1 XPS survey spectrum of the NFPP@CNT-1% material
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Fig. S2 CV plots of (a) NFPP@CNT-0.5% and (b) 2% electrodes
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Fig. S3 Pseudo-capacitance calculation results (a) CV profiles of NFPP@CNT-1% electrode at
different scanning rates (0.1, 0.3, 0.5, 0.8 and 1.0 mV s™'); (b) Linear fitting results of log / versus log v

plots; (c) The contribution ratio of capacitive capacities in NFPP@CNT-1%.




Table S1. The EIS fitting data and calculated Dn.+ for different samples

Sample R/Q R./Q o/ (2s") D/ (x1013)

NFPP@CNT-0% 6.69 1277.00 601.58 0.44

NFPP@CNT-1% 14.17 616.10 271.35 5.59




Table S2. Summary and Comparison of NFPP Material Performance Reported in the

Literature
Material Rate Number of Capac.l ty Reference
Cycles Retention

NFPP/HC 10C 4000 63.5% 3

HE-NFPP 0.5A ¢! 1000 91.6% 4
NFPPCHG 10C 500 65.9% 5
NFPP@rGO 2C 500 82.1% 6

NFPP-HE 10C 1500 82.3% 7

NFM, .PP 5C 1000 79.1% 8

Our work 5C 1000 99.9% This work
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