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Figure S1 Rietveld refinement of (a–d) MS1–MS4.



Figure S2 Crystal schematic of (a) MS1 and (b) MS5 material after Rietveld refinement.



Figure S3 EDS of (a) MS1, (b) MS2, (c) MS3 and (d) MS4.
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Figure S4 The first three CV curves of (a) MS1, (b) MS2, (c) MS3 and (d) MS4 materials at 0.1 
mV s-1.
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Figure S5 Charge-discharge curves of (a) MS1, (b) MS2, (c) MS3 and (d) MS4 materials at 0.5 A 
g-1.
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Figure S6 The XRD patterns of the MS5 electrode sheet during the cycling process.



0 20 40 60 80 100
0

400

800

1200

 MS1  MS2  MS3
 MS4  MS5Sp

ec
ifi

c 
C

ap
ac

ity
 (m

A
h 

g-1
)

Cycle Number

0.5 A g-1

0

20

40

60

80

100

C
ou

lo
m

b 
Ef

fic
ie

nc
y 

(%
)

Figure S7 Performance of MS1–MS5 for the first 100 cycles at 0.5 A g-1.



         Map

Figure S8 SEM-EDS images of MS1 before cycling.

Elements Fe In S Cu

Normalized mass [%] 12.79 52.41 30.87 3.93

Atom [%] 13.39 26.69 56.30 3.62

Abs. error[mass%] (3σ)
0.86 1.97 1.22 0.36



         Map

Figure S9 SEM-EDS images of MS1 after cycling.

Elements Fe In S Cu

Normalized mass [%] 13.11 58.35 14.14 14.45

Atom [%] 16.64 35.99 31.26 16.12

Abs. error[mass%] (3σ)
0.41 1.44 0.45 0.57
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Figure S10 Cycling performance of MS1 at 0.2 A g-1 with Al foil as the collector.



Map

Figure S11 SEM-EDS images of MS2 after cycling.

Elements Fe Co In S Cu

Normalized mass [%] 4.36 7.01 47.91 18.66 22.06

Atom [%] 5.06 7.71 27.04 37.70 22.49

Abs. error[mass%] (3σ)
0.21 0.31 1.33 0.32 0.91



Map

Figure S12 SEM-EDS images of MS3 after cycling.

Elements Fe Co Ni Cu In S

Normalized mass [%] 2.49 2.21 2.63 38.78 36.99 16.90

Atom [%] 2.81 2.37 2.82 38.47 20.31 33.22

Abs. error[mass%] (3σ)
0.16 0.18 0.22 1.40 0.87

.
0.47



Map

Figure S13 SEM-EDS images of MS4 after cycling.

Elements Fe Co Ni In S Cu

Normalized mass [%] 2.81 2.42 6.07 45.28 18.70 24.72

Atom [%] 3.22 2.63 6.63 25.26 37.36 24.91

Abs. error[mass%] (3σ)
0.16 0.18 0.29 1.06

.
0.53 0.89



Map

Figure S14 SEM-EDS images of MS5 before cycling.

Elements Fe Co Ni Cu Zn In S

Normalized mass [%] 2.27 2.55 2.25 11.94 2.91 47.46 30.62

Atom [%] 2.36 2.51 2.23 10.91 2.58 23.99 55.43

Abs. error[mass%] (3σ)
0.27 0.33 0.34 0.99 0.53 2.27

.
1.63



Map

Figure S15 SEM-EDS images of MS5 after cycling.

Elements Fe Co Ni Cu Zn In S

Normalized mass [%] 1.65 3.10 3.18 12.16 2.64 56.77 20.50

Atom [%] 1.97 3.51 3.61 12.74 2.68 32.92 42.56

Abs. error[mass%] (3σ)
0.23 0.34 0.37 0.98 0.52 2.63

.
1.11
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Figure S16 (a) CV curves of MS1 materials at 0.2, 0.5, 1 and 2 mV s-1. (b) linear relationship of 
MS1 materials between sweep speed and peak current.
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Figure S17 The pseudocapacitance contribution of (a) MS1 and (b) MS5 material at 0.5 mv s-1.



91.96% 93.23% 94.83% 97.66%

8.04% 6.77% 5.17% 2.34%

0.2 0.5 1 2
0

20

40

60

80

100

120

C
on

tri
bu

tio
n 

R
at

io
 (%

)

Scan Rate (mV s-1)

 Diffusion         Capacitance

Figure S18 Percentage of pseudocapacitance contribution of MS1 material at different scan rates.
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Figure S19 EIS spectra, DRT distributions and localized enlargements of (a, b) MS1, (c, d) MS2, 
(e, f) MS3, (g, h) MS4 and (i, j) MS5.
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Figure S20 GITT curve of (a) MS1 and (b) MS5 material during the first charge/discharge at 50 
mA g-1.



Figure S21 Before cycling (a, b) MS1, (c, d) MS2, (e, f) MS3, (g, h) MS4 and (i, g) MS5 SEM 
images.



Figure S22 After 100 cycles (a–e) MS1–MS5 SEM images.
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Figure S23 XPS spectra of S 2p for MS1 materials.
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Figure S24 Energy band diagrams of (a) MS1, (b) MS2, (c) MS3 and (d) MS4.
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Figure S25 Density of states, fractional density of states diagrams of (a) MS1, (b) MS2, (c) MS3 
and (d) MS4.



Figure S26 Electron differential charge density plots of (a) MS1, (b) MS2, (c) MS3 and (d) MS4.
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Figure S27 Comparison of the first discharge curve at 0.2 A g-1 with theoretical voltage profile 
from DFT calculation of MS5.



Figure S28 SEM images of the cross-section of the electrode sheets for (a, c) MS1 and (b, d) MS5 
before and after cycling.



Table S1 ICP-OES results of element ratios for MS2–MS5

Fe Co Ni Co Zn
MS2 0.434 0.566
MS3 0.300 0.349 0.351
MS4 0.197 0.264 0.261 0.278
MS5 0.146 0.205 0.192 0.206 0.252



Table S2 Sodium storage properties of metal sulfides reported in the literature

Metal sulfide anode Electrolyte
Cycling 

performance (mAh 
g-1/A g-1/cycles)

Rate capability 
(mAh g-1/A g-1)

Ref.

CuS@CoS2
1M NaCF3SO3 

(DEGDME)
430/0.5/500th 304/5 1

FeS/NiS@NCS
1 M NaClO4 

(EC:PC=1:1+5% FEC)
414.6/1/500th 251/5 2

FeSb2S4@Graphite
1M NaPF6 

(EC:DMC=1:1+5%FEC)
300/1/100th 186/8 3

V2C/Fe7S8@C
1 M NaClO4 

(EC:PC=1:1+5% FEC)
206.2/2/1000th 389.7/5 4

VS4/SnS2@MXene
1 M NaClO4 

(EC:DEC=1:1+5% FEC)
187/5/500th 301.5/2 5

L-S-PI@FeS2
1M NaPF6 

(DME:CE=1:1)
391/0.2/500th 250/5 6

Cu39S28-CoS2-
ZnS@NC@C

1M NaCF3SO3 

(DEGDME)
341.1/5/400th 324.3/ 7

NiCoS4@ReS2
1M NaPF6 

(EC:DEC=1:1+2.5%FEC)
396/1/500th 297/3 8

Co9S8/CoS@NC
1 M NaClO4 

(EC:DEC=1:1+5% FEC)
272.8/1/300th 63.6/6 9

ZnS@MoS2/
NC@rGO

1 M NaClO4 
(EC:DEC=1:1+5% FEC)

367/1/200th 308/4 10

(FeCoNiCuZn)In2S4
1 M NaPF6

(DEGDME)
401.8/5/800th 323.4/10

This 
work



Table S3 Rd, Rct and Rs of MS1–MS5 after DRT analysis
MS1 MS2 MS3 MS4 MS5

Rd/Ω 75.280 61.183 69.61 70.563 57.454
Rct/Ω 2.223 0.815 1.072 0.599 0.539
Rs/Ω 2.200 1.107 0.811 0.592 0.597



Table S4 Elemental valence changes before and after cycles of MS5

Elements Valence Before cycles (%) After cycles (%)
2+ 88.5 63.43

Fe
3+ 11.5 36.57
0 22.3 49.52

2+ 60.3 31.36Co
3+ 17.4 19.12
0 17.1 0

2+ 0 50.14Ni
3+ 82.9 49.86
1+ 88.7 100

Cu
2+ 11.3 0



Table S5 Formation energies and reaction potentials of MS5 materials upon Na adsorption

Compounds Formation energy (eV) Reaction potential (V vs. Na/Na+)

Na0.5MS5 -2.256 2.256

Na1MS5 -2.430 1.215

Na1.5MS5 -2.368 0.789

Na2MS5 -1.972 0.493

Na2.5MS5 -2.388 0.478
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