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Figure S1 SEM images of Bi2Se3.
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Figure S2 TEM images of Bi2Se3@C.



4

Figure S3 Thermogravimetric analysis of Bi2Se3@C.

In the TGA curve, the weight loss of Bi2Se3@C is 34.4%. The Bi2Se3@C first experiences a weight 

increase because of the oxidation reaction of Bi2Se3 to Bi2O3 and SeO2. Second, the carbon is oxidated 

to CO2 and the SeO2 product is volatilized at high temperature. The final product is only Bi2O3. The 

weight loss from pure Bi2Se3 to Bi2O3 is 28.9% according to the equation (1):

Bi2Se3 + C + 11/2O2 → CO2 + 3SeO2 + Bi2O3

Therefore, the weight loss can be illustrated as the equation (2):

28.9% (1-W) + W = 34.4%

Where W represents the loading content of carbon, (1-W) represents the loading content of Bi2Se3. Thus, 

the content of carbon I the samples can be calculated as ~8%.[1,2]
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Figure S4 Nitrogen adsorption isotherm and pore size distribution (insert) of Bi2Se3@C.
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Figure S5 Initial four CV curves of Bi2Se3 electrode at a scan rate of 0.1 mV s-1 in a potential 
range from 0.01 to 3V.
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Figure S6 Discharge and charge profiles of Bi2Se3 within the potential of 0.01–3V at a current 
density of 100 mA g-1.
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Table S1 Comparison of some representative anodes in potassium-ion batteries. 
Rate capability

Samples
Initial 

coulombic 
efficiency

Cyclic stability at 
a low current 

density
Capacity

Current 
densities

Cyclic 
stability at a 
high current 

density.

Ref.

Bi2Se3@C 74%
397 mAh g-1 at 
0.1 A g−1 after 

100 cycles.

568, 446, 374, 
311, 268, 210 

and 526 mAh g-1

0.05, 0.1, 0.2, 
0.5, 1.0, 2.0 

and 0.05 A g-1

214 mAh g-1 
at 1 A g−1 

after 1000 
cycles.

This 
work

Co3O4@N-C 48.2%
448.7 mAh g-1 at 

0.05 A g−1 after 40 
cycles.

after the stage 
0.1-2 C rate test, 
returns to 408.2 

mAh g−1

0.1, 0.2, 0.5, 
1.0, 2.0 and 

0.1 C

213 mAh g-1 
at 0.5 A g−1 
after 740 

cycles.

3

1D/2D 
C3N4/rGO

Null Null

after the stage 
0.1-2 A g−1 rate 
test, returns to 
534.1 mAh g−1

0.1, 0.2, 0.5, 
1.0, 2.0 and 

0.1 A g-1

228.6 mAh g-1 
at 10 A g−1 
after 1000 

cycles.

4

MoSe2@NCT Null
247 mAh g-1 at 0.1 

A g-1 after 100 
cycles.

after the stage 
0.1-2 A g−1 rate 
test, returns to 

240 mAh g−1

0.1, 0.2, 0.5, 
1.0, 2.0 and 

0.1 A g-1

74 mAh g-1 at 
1 A g−1 after 
600 cycles.

5

NPCP@MoSe2 Null
325 mAh g-1 at 0.1 

A g-1 after 80 
cycles.

322, 296, 283, 
221, 172, 134 

and 310 mAh g-1

0.1, 0.2, 0.5, 
1.0, 2.0, 5.0 
and 0.1 A g-1

128 mAh g-1 

at 0.5 A g−1 
after 1000 

cycles.

6

Sn-MoS2/C 88%
239 mAh g-1 at 0.1 

A g-1 after 50 
cycles.

375, 233, 214, 
162, 123 and
 310 mAh g-1

0.05, 0.1, 0.2, 
0.5, 0.8 and 

0.05 A g-1

Null 7

SnSSe/MGS 73.5%
271 mAh g-1 at 0.1 

A g-1 after 500 
cycles.

460, 435, 399, 
330, 270, 219 

and 405 mAh g-1

0.1, 0.2, 0.5, 
1, 2, 5

 and 0.1 A g-1

Null 8

V5Se8@C 58.6%
378 mAh g-1 at 0.2 

A g-1 after 300 
cycles.

328, 316, 293, 
257, 201, 162 

and 319 mAh g-1

0.1, 0.2, 0.5, 
1, 2, 4 

and 0.1 A g-1

145 mAh g-1 

at 4 A g−1 
after 800 

cycles.

9

MoS2@C Null
241 mAh g-1 at 0.1 

A g-1 after 20 
cycles.

876, 306, 203, 
135, 98 mAh g-1

0.05, 0.1, 0.2, 
0.5, 0.8 A g-1

214 mAh g-1 

at 1 A g−1 
after 400 

cycles.

10

MoSe2@CNTs 69.3%
320.9 mAh g-1 at 

0.1 A g-1 after 100 
cycles.

354.8, 339.4, 
293.0, 264.4, 
245.3, 209.7, 

186.1 and 
401.2 mAh g-1

0.1, 0.2, 0.5, 
1.0, 2.0, 5.0, 

10.0 and 
0.1 A g-1

159 mAh g-1 

at 2 A g−1 
after 200 

cycles.

11

MoSe2/N-C 79.9%
258.2 mAh g-1 at 

0.1 A g-1 after 300 
cycles.

300, 244, 211, 
195, 178 

and 300 mAh g-1

0.1, 0.2, 0.5, 
1.0, 2.0, 5.0 
and 0.1 A g-1

Null 12

CuS@GO 43.2%
290.5 mAh g-1 at 

0.1 A g-1 after 100 
cycles.

407.7, 322.75, 
291.4, 256.2, 

196.5 and 
400 mAh g-1

0.1, 0.2, 0.3, 
0.5, 1.0 and 

0.1 A g-1

Null 13

MoS2/C@NDG 59.3% Null
343.2, 229.6, 

176.6 and 
300.8 mAh g-1

0.5, 1.0, 2.0 
and 0.3 A g-1

220.7 mAh g-

1 at 1 A g−1 
after 150 

cycles.

14
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FeMoSe4@NC 65%
298 mAh g-1 at 

0.2 A g−1 after 100 
cycles.

313, 309, 282 
227 and 

298 mAh g-1

0.1, 0.2, 0.5, 
1.0 and 
0.1 A g-1

178 mAh g-1 

at 1 A g−1 
after 150 

cycles.

15

Sb2Se3@
RGO

49%
286.6 mAh g-1 at 
0.1 A g-1 after 80 

cycles.

557.5, 376.4, 
325.4, 248.0, 

173.3, 118.6 and 
558 mAh g-1

0.05, 0.1, 0.2, 
0.5, 1.0, 2.0 

and 0.05 A g-1

203.4 mAh g-

1 at 0.5 A g−1 
after 460 

cycles.

16

FeSe2 50%
330 mAh g-1 at 0.1 

A g-1 after 100 
cycles.

326, 278, 234, 
206, 178, 135 

and 356 mAh g-1

0.1, 0.2, 0.5, 
1.0, 2.0, 5.0 
and 0.1 A g-1

128 mAh g-1 
at 2 A g−1 

after 500 
cycles.

17

CoSe@NrGO Null
218 mAh g-1 at 0.2 

A g-1 after 100 
cycles.

364, 357, 342, 
302, and 

166 mAh g-1

0.2, 0.5, 1.0, 
2.0 and 
5.0 A g-1

143 mAh g-1 
at 2 A g−1 
after 100 

cycles.

18
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Figure S7 SEM images of (a) Bi2Se3 and (b) Bi2Se3@C after 20 cycles. The corresponding TEM images 

of (c) Bi2Se3 and (d) Bi2Se3@C.



11

1.6

1.8

2.0

2.2
Vo

lta
ge

 (V
 v

s.
 K

/K
+ )

Time (s)


Relaxation period

E  

 

EsIR drop

Figure S8 Schematic illustration of selected steps from the GITT profile during charging

The transfer of K+ obeys the Fick’s second law, the diffusion coefficient can be calculated 

by the following equation: 

DK= ( )2( )2 (τ )
4
𝜋𝜏

𝑚𝐵𝑉𝑀
𝐴𝑀𝐵

∆𝐸𝑠
∆𝐸𝑡

≪
𝐿2
𝐷

where τ is the duration time of the current pulse, VM is the molar volume (cm3 mol-1), mB is the 

mass of the active material, MB is the molecular weight (g mol-1), A is the total contact area of 

electrode with electrolyte, ΔEτ is the variation of the cell voltage, and ΔEs is related to the 

change of steady-state voltage for the corresponding step.
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