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Figure S1. EDS results for (a) SPAN, (b) Seg.01-SPAN, (c) Sep¢3-SPAN, and (d) Se ¢s-
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Figure S2. SEM image and corresponding EDS mapping images of S and Se elements
for (a) SPAN, (b) SC()‘()l-SPAN, (C) S€0403-SPAN, and (d) Se0.05-SPAN.
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Figure S3. Rate capability and corresponding voltage profiles for (a, b) SPAN, (c, d)
SCO.()]-SPAN, (e, f) SCQOTSPAN, and (g, h) S€0.05-SPAN.
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Figure S4. Rate capability of the samples within the currents of 0.1-0.3 A g!. The data

are also shown in Figure 2a.
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Figure S5. Voltage profiles of the four samples in the initial five cycles at 0.1 A g': (a)

the 1%t cycle, (b) 2™ cycle, (¢) 3" cycle, (d) 4™ cycle, and (e) 5™ cycle.
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Figure S6. (a) Cycling performance and (b) corresponding voltage profiles for SePAN.

The selenide polyacrylonitrile SePAN was synthesized as that for SPAN but with Se
and polyacrylonitrile as the raw materials. As shown in Figure S6, the as-obtained
SePAN can only deliver the capacity of around 120 mAh gscpany !, which is far behind
that of SPAN (~526.5 mAh gspan)!), demonstrating the poorly active Se species in

SePAN. This can be seen as the negative effect of Se in SPAN-based materials.
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Figure S7. The voltage profiles of SPAN and Seg3-SPAN at 2.0 A g-!.
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Figure S8. Quasi-equilibrium open-circuit-voltage (OCV) and transient voltage profiles

for K-ion (de)intercalation in (a) SPAN and (b) Se(33-SPAN obtained from GITT.
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Figure S9. Nyquist plots of the SPAN and Sey ¢;-SPAN electrodes before cycling (a)
and at the states of 0.1 V (vs. K+/K) (b) and 2.5 V (vs. K+/K) (¢).

As shown in Figure R9a, the pristine Se(3-SPAN delivers lower charge transfer
resistance than SPAN. Similarly, compared to SPAN, Se( ¢3-SPAN also shows lower
charge transfer resistance at both the full discharge and full charge states (Figure S9b,

c). The above EIS results demonstrate a better conductivity for Seg¢;-SPAN than
SPAN.
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Figure S10. CV curves at different scan rates of (a) SPAN and (b) Se¢;-SPAN. (c, d)
The corresponding peak currents versus square root of scan rates (v) for SPAN and
Seo03-SPAN: (¢) Peak 1, (d) Peak 2. (e) The comparison of CV curves of
K;MnFe(CN)g/|SPAN and Ko;MnFe(CN)g||Seg03-SPAN full cells at a scan rate of 0.1

mV sl

The kinetic mechanism for K* ion storage in SPAN and Se 03-SPAN was compared
by the CV tests. As shown in Figure S10, in half cells, both SPAN and Se o;-SPAN
maintain similar CV curves under increasing scan rates, suggesting a significant
response capability to the scan rates. Figure S10c and S10d show the liner relationship
between the peak currents and the square root of scan rates (v). The higher slope values
for Sep¢3-SPAN for both Peak 1 and Peak 2 prove the augmented K* ion diffusion
kinetics in Seg (3-SPAN during the potassiation and depotassiation process, consistent
with the GITT results. Therefore, the CV results in the half cells demonstrate an
enhanced K-ion transfer kinetics after Se doping in SPAN material. As comparison in
Figure S10e, the full cell with Se;-SPAN anode also exhibits a smaller voltage
hysteresis than the full cell with SPAN anode, signifying a faster K-ion transfer kinetics
in Seg 03-SPAN when compared to SPAN. Therefore, the CV results in the half and full
cells demonstrate an enhanced K-ion transfer kinetics after Se doping in SPAN

material.
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Figure S11. The voltage profiles of Segg3-SPAN at 0.1 A g-'.
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Figure S12. The voltage profiles of Segg3-SPAN at 0.5 A g-!.
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Figure S13. The voltage profiles of Segg3-SPAN at 1.0 A g-!.



Figure S14. The thickness of the Se( o3-SPAN electrode with the mass loading of (a)

~1 mg cm? and (b) ~4.2 mg cm™2.
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Figure S15. (a) Galvanostatic charge-discharge voltage profiles and (b) average

discharge voltage of K,MnFe(CN)¢|[Seg.03-SPAN full cell at 0.1 C.
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Figure S16. Energy density of the K,;MnFe(CN)g|[Seg.03-SPAN full cell. The energy
density is calculated based on the total mass of anode and cathode active materials in

the full cell.



[
)
B
=)
=}
=
=3
o
IS
0

b gk Electrolyte decomposition—m-z-"=s=- .
o e o
< 300 o e br o
‘g_ ) 10 20 30 40 5 60 70 470 g !_4'0
Cycle Number 7]
> [ J (4]
£ KMF | . L
S 200- 150 £ S35
a 0.1C w ey —1st
[+ NNhnyussesrssssiss et PEIES 40 T} E 2
o ] = —2rd
- -l 1308 =, 0 —and
& 20 § £°%1 —1om
8 o Charge - ] 10 S o ——50th
'%- 1.0C ='150 m.A g’ . : I« Distfharge 0 8 251 —TOth' . :
0 10 20 30 40 50 60 70 0 50 100 150 200
Cycle Number Specific Capacity (mAh g™)

Figure S17. (a) The cycling stability and (b) corresponding voltage profiles of
K,;MnFe(CN)g at 0.1C (1C = 150 mAh g!) in K;MnFe(CN)g|[K half cell within the
cathode potential range of 2.7-4.4 V (vs. K/K).

As shown in Figure S17a, the high-voltage K,MnFe(CN) cathode can only present
the CE lower than 98.5% in K,MnFe(CN)4||K half cell at the current rate of 0.1C.
Besides, the oxidative decomposition of the electrolyte can also be potently validated
by the noticeable voltage tails at the end of charge process (Figure S17b). Consequently,
the oxidative decomposition of the electrolyte limits the Coulombic efficiency in the

full cells.
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Figure S18. (a) Cycling stability and (b) corresponding voltage profiles of the
K;MnFe(CN)gl[Sep.03-SPAN full cell at 0.1 C (calculated based on the mass of
K>MnFe(CN)g cathode). The mass loading of Se ¢3-SPAN anode is ~4.2 mg cm™.
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Figure S19. Voltage profiles of K,MnFe(CN)g||Seg.03-SPAN full cell at varied current

rates.
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Figure S20. (a) Rate capability and (b) voltage profiles of K,MnFe(CN)g||Seg 03-SPAN
full cell under a constant charge current (0.2C) with different discharge currents from

0.2C to 5C.
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Figure S21. Voltage profiles of K,MnFe(CN)g||Seg 03-SPAN full cell at 3C.
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Table S1 Elemental analysis of SPAN and Se-doped SPAN.

Element (wt%)

Material
C H N S Se
SPAN 37.26 1.41 14.68 39.15 -
Sep.01-SPAN 36.94 1.54 14.89 38.46 1.37
Sep.03-SPAN 37.01 1.28 14.43 37.94 3.24

Sep.0s-SPAN 36.69 1.32 14.21 37.41 4.97




Table S2. Electrochemical performance of some reported anode materials for KIBs.

Rat
. Reversible Capacity retention 2 .e.
Potential ] capability
. capacity (mAh (cycle
Materials range (V vs. (mAh g)
g) @current (A number@current
K*/K) ) . @current (A
g ) (A g") )
g’)
446@0.5
Sep.03-SPAN 100% (1200
. 0.1-2.5 556@0.1 405.3@1
(This work) cycles@]1)
375.9@1.5
100% (1500 416.8@0.5
SPAN! 0.1-2.5 569@0.05
cycles@0.3) 326.2@1
) 100% (1000 240@0.558
Graphite® 0.01-2 270@139.5
cycles@0.558) 200@1.116
97% (50 157@1
Hard carbon (HC)? 0.01-3 245@0.05
cycles@0.1) 143@1.5
N-doped carbon
52% (100 238@0.1
nanofibers 0.01-3 ~280@0.025 les@0.2) 172@1
cycles@0.
(NCNFs)* Y
. 74% (200 413@0.1
Bi@C> 0.01-1.5 466@0.02
cycles@0.1) 340@0.4
. 80% (90
BiNS/rGO° 0.1-1.5 338@0.05 320wl
cycles@0.5)
. 86.9% (300
Bi’ 0.1-1.5 394.2@0.2 ~350@0.8
cycles@0.8)
SnS,-N/P-CNFs 92% (1000
0.01-3 468@0.1 230@1
(SnS-CNFs)? cycles@0.2)
73% (400 371.4@0.5
SnO,@CF? 0.01-3 564.2@0.1
cycles@]1) 307.6@1
95% (220 214@0.1
Sb@CSN!? 0.01-2 223@0.05
cycles@0.2) 200@0.2
P-COF@SWCNT 56% (1400 199@0.5
0.01-3 438@0.05
rcs)!! cycles@0.7) 158@1
66% (500
P212 0.1-2.5 268@0.66 240@1.3
cycles@0.66)
92% (100 202@0.5
K,TP!3 0.1-2 260@0.05
cycles@0.2) 185@1




Table S3. Electrochemical performance of some reported K-ion full-cells.

Positive|negative materials Energy density  Cycle life (capacity

Name .
(mass ration) (Wh kg)* retention@C-rate)
KoMnFe[(CN)g]|Seq.03-SPAN 4000 (79.3%@3C
This work 2MnFe((CN)s]lSeoos 291.7 ( o@3C)
(1:0.3) 4300 (77.5%@3C)
KoMnFe[(CN)g]|S-PAN
FC-1 290.9 2000 (81.1%@1C)
(1:0.3)!
K .9sMn[Fe(CN *0.08H
FC-2 1oaMn[Fe( : Jelosss : 331.5 300 (98.5%@0.2C)
O|Graphite (1:0.6)'
FC-3 K>FeFe(CN)g/Graphite (1:0.7)2 156 2500 (83.1%@11C)
K,FeFe(CN)yMCMB
FC-4 118 600 (80%@3.9C)
(1:0.67)!5
K;yFeFe(CN)g|O,N co-doped
FC-5 238 4000 (~62%@10C)
carbon (1:0.5)'°
FC-6 Ko.sMnO,|Graphite (1:0.5)!7 194.6 400 (83%@~4C)
FC-7 Ko.sMnO,|Soft carbon (1:0.5)!8 202.3 500 (82.5%@10C)
K0_77Mn02°0.23H20|Hard-soft
FC-8 : 138.6 500 (80%@~7C)
composite carbon (1.8:1)!°
Ko.45sMgp 1Fey1Mng 3O,|ESC-
FC-9 04sMgo. Feo, M5O 80 200 (100%@0.2C)
650 (1:0.33)2
FC-10 KVPO,F|Graphite (1:1.33)2! 122.4 200 (87.2%@0.67C)
PTCDA|Graphite
FC-11 88 100 (87%(@~0.65C)
(1:0.6)2

*The energy density is calculated based on the total mass of the cathode and anode materials in the
full-cell.
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