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Text 1

Considering that Fe is an abundant resource in nature, Fe was selected as the reductant to react with Sb,S;.
It should be noted that Fe is a Na-inert element and the introduction of Fe into the electrode system reduces
the theoretical capacity. The theoretical capacity of Sb,S; is 946 mAh/g. The reaction equation for the
preparation of FeSb/FeS from 5:1 Fe/Sb,S; powder is:
SFe+ Sb,S; = 2FeSb+3FeS ()

The theoretical capacity of FeSb/FeS can be calculated according to the following equation:

. 12 X 96485.6 519.628 mAh/
— = . m.
FeSb/FeS ™ 3 6 x (55.845 X 5 + 339.715) 7 2

In equation (2), the Faraday constant is 96485.6 C/mol, each mole of Sb,S; can accommodate up to 12
moles of sodium ions, 1 mAh = 3.6 C, the molar mass of Fe is 55.845 g/mol, and the molar mass of Sb,S; is

339.715 g/mol. Therefore, the theoretical capacity of FeSb/FeS is: 519.628 mAh/g.

Text 2

The specific equation for calculating the charge density differential is as follows: !

Ap=pap=Pa=Pp (3)
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Here, P4B represents the charge density difference of the system AB, Pa represents the charge density

difference of the fragments A in the system, and Pr represents the charge density difference of the fragments

B that in the system.

Text 3
According to the Conway theory by B.E., the surface pseudocapacitance was determined through CV scans

performed at scan rates ranging from 0.2 to 1.0 mV/s: >3

i=av 4)
logi=1loga + blogv (5)

Here, i represents the measured current (mA), v is the voltage sweep rate (mV-s'), and a and b are
parameters that vary with scan rate. When b = 0.5, the electrode material exhibits diffusion-dominated sodium
storage behavior; when the value of b is in the range of 0.5 to 1, the electrode material demonstrates a
coexistence of diffusion and pseudocapacitive sodium storage behavior; when b > 1 the electrode material

exhibits pseudocapacitive sodium storage behavior.

i=kv+ kzvl/2 (6)
L 1/2
2
v (7)
. k.v k 171/ z .. . .
Here, k; and k, are adjustable constants. “1” and ™2 represent pseudocapacitive control and diffusion

D
control, respectively. The Na* diffusion coefficient ( Na +) is calculated using the following equation: 43
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Here, 7 represents the duration of the current pulse (s), ¥m is the molar volume (cm? mol'), mg is the mass
of the active substance (g), M is the molar mass of the electrode material (g mol!), S is the contact surface

area between the electrode and electrolyte (cm?), and AE; and AE; represent the potential changes during the

pulse and relaxation processes, respectively.

Text 4

In the MD simulations, the crystal structure is constructed based on the standard crystal structure and the k-



point mesh uses only gamma points. The Na* diffusion coefficient is calculated according to the following

equation: &7

<) >
D, =lim———
Na t-o  6dt )
Here, < Tz(t) >/t is the mean square displacement (MSD) slope of Na diffusion. The work function is

calculated by the following equation:

E,=E,-Ep (10)

Here, E, is the surface vacuum energy level of the electrons in the particular structure and Ep is the Fermi

energy level of the electrons in the said structure.
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Fig. S1. (a) XRD pattern of the product with a molar ratio of Fe to Sb,S; of 1:1, (b) XRD pattern of the



product with a molar ratio of Fe to Sb,S; of 2:1, (¢) XRD pattern of the product with a molar ratio of Fe to
Sb,S; of 3:1, FeS/Sb product and the ball-milled FeS/Sb-G product, (d) XRD pattern of the product with a

molar ratio of Fe to Sb,S; of 4:1, FeSb,/FeS product and the ball-milled FeSb,/FeS-G product.
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Fig. S2. (a, b, ¢) show the cycling performance of the products before and after ball milling of Fe and Sb,S; at

molar ratios of 3:1, 4:1, and 5:1, respectively, under a current density of 2 A/g.

Fig. S3. (a,b) SEM images of FeSb/FeS and FeSb/FeS-G at a magnification of 5000X, (c,d) SEM images of



FeSb/FeS and FeSb/FeS-G at a magnification of 20000X.
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Fig. S4. (a,c) Elemental mapping images of FeSb/FeS-G, (b,d) EDS spectra corresponding to (a) and (c).

Figure S5 presents the ex-situ XRD patterns of the FeSb/FeS electrode after five cycles at a current density
of 0.2 A/g. The measurements were conducted at various states, including discharge to 0.25 V, discharge to 0
V, discharge to 0 V followed by charge to 1 V, discharge to 0 V followed by charge to 3 V, discharge to 0 V
followed by charge to 3 V then discharge to 0.75 V, discharge to 0 V followed by charge to 3 V then
discharge to 0 V, discharge to 0 V— charge to 3 V — discharge to 0 V — charge to 1 V, and discharge to 0 V
—charge to 3 V — discharge to 0 V — charge to 3 V. The results show that the characteristic peaks of Cu and
FeSb are consistently observed throughout the charge/discharge process, indicating the partial reversibility of

FeSb.
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Fig. S5. Ex-situ XRD patterns of FeSb/FeS during the discharge/charge processes.

After 100 stable cycles at a current density of 6 A/g, ex-situ XPS measurements were conducted on the
FeSb/FeS-G electrode at discharged (0 V) and charged (3 V) states. The spectra at the fully charged state (3
V) exhibit two Sb—Sb peaks, identical to those of the pristine electrode. However, after discharge to 0 V, an
additional peak at 535.6 eV corresponding to Na—Sb bonding was observed, which was attributed to the

formation of Na;Sb.?
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Fig. S6. Presents the ex-situ Sb 3d XPS spectra of the FeSb/FeS-G electrode at discharged (0 V) and charged

(3 V) states, compared with that of the pristine electrode.

To further investigate the discharge/charge products, ex-situ TEM, SAED, and EDS analyses were carried
out on the FeSb/FeS-G electrode after five cycles at a current density of 0.2 A/g, discharged to 0 V and
charged to 3 V, respectively. Figures S7a—c and S7d—f show the morphology, TEM, and SAED images of the
FeSb/FeS-G electrode after discharge to 0 V and charge to 3 V, respectively. Small nanoparticles with
diameters ranging from 10 to 200 nm can be clearly observed on the electrode surface. These discharge/charge
products are uniformly anchored onto exfoliated graphite nanosheets (Figures S7a, S7d). Figures S7b and S7¢
are enlarged TEM images from the blue-circled areas of Figures S7a and S7d, respectively, while Figures S7c
and S7f correspond to the yellow-circled regions. After discharge to 0 V, the presence of Na,S, Na;Sb, and Fe
was detected (Figure S7b), whereas FeSb and FeS phases were identified after charging to 3 V (Figure S7e).
Furthermore, the diffraction spots observed in the SAED patterns (Figures S8c and S8f) confirm the presence

of these phases, providing strong evidence for the full reversibility of FeS and the partial reversibility of FeSb.



These TEM observations are in good agreement with the proposed electrochemical reaction mechanism,
further validating the charge/discharge pathway of the composite. Figures S7g and g,—gs, as well as S7h and
h;—hs, present the elemental mapping of the FeSb/FeS-G electrode after discharge to 0 V and charge to 3 V,
respectively, showing highly uniform elemental distributions. This indicates good dispersion of the
components, which facilitates Na* diffusion. Figures S7i and S7j show the EDS spectra of the FeSb/FeS-G

electrode after discharge to 0 V and charge to 3 V, respectively.
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Fig. S7. (a—) and (d—f) show the morphology, TEM, and SAED images of the FeSb/FeS-G electrode after
discharge to 0 V and charge to 3 V, respectively. (g, gl-g5) and (h, h1-h5) present the corresponding
elemental mapping images after discharge to 0 V and charge to 3 V. (i, j) display the EDS spectra of the

FeSb/FeS-G electrode under the same discharge/charge states.
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Fig. S8. (a-d) Rate capability charge-discharge curves of FeSb/FeS. FeSb/FeS-G. Sb/FeS-GHFeSb,/FeS-G.
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Fig. S9. Coulombic efficiency of FeSb/FeS and FeSb/FeS-G at current densities ranging from 0.1 to 10 A/g.




Since the referenced literature does not provide the specific theoretical capacity of the corresponding

materials and it cannot be directly calculated, a comparison based on rate performance curves is adopted

instead.

—#t— This Work

—B— [9] CoTe,/Sh,Te,@NCNFs
= [10] Sh/SnO@C-4
T_:” —4— [11] Sb@CN
= 3004 —3— [12] N,S,Sb-CNFs
= [13] Sbh@MoS,@C
g —v— [14] Sb/C/G
GE b [15] Sb@NCNFs

[16] FeSb-TiC-C:FEC 2vol%
100 : : : . [17] SnSb(40)/NiO(60)
00 05 1.0 15 2.0 (18] CoSb@3DPCs

Current density (A g'")

Fig. S10. Comparison of rate performance with previously reported materials.’-'8
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Fig. S11. Comparison of the electrochemical performance of FeSb/FeS-G electrodes with different mass

loadings at current densities of 0.2 A/g, 1 A/g, and 2 A/g.
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Fig. S12. Comparison of the electrochemical performance of FeSb/FeS-G electrodes with different electrolyte

volumes at current densities of 0.2 A/g, 1 A/g, and 2 A/g.



Fig. S13. (a,c) SEM scans of FeSb/FeS and FeSb/FeS-G pristine poles, respectively, and (b,d) SEM scans of

FeSb/FeS and FeSb/FeS-G poles, after cell removal at 6 A/g for 900 cycles.
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Fig. S14. (a) Re-measured CV curves of FeSb/FeS at different scan rates. (b) Relationship between peak current

and scan rate for FeSb/FeS.



Fig. S15. (a) Crystal structure of FeS, (b) Crystal structure of FeSb.
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Fig. S16. (a) Energy band structure of Sb,S3, (b) Energy band structure of FeSb, (¢) Energy band structure of

FeS, (d) DOS map of Sb,S;, () DOS map of FeSb, (f) DOS map of FeS.
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S17. Work functions for FeSb, FeS and graphite. (a) FeSb (1 0 1) plane, (b) FeS (0 0 4) plane, (c) FeS (1
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Fig. S18. (a-d) SEM images of Na;V,(PO,); at magnifications of 20,000 X, 4,000 X, 1,200 X, and 1,000 X,
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