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Fig. S1 The crystalline structures of perovskite KMF; and crystalline parameters for
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Fig. S2 Performance of single electrode: CV plots at 2-160 mV s™!' of 1%-9% samples
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Fig. S3 Performance of single electrode: GCD curves at 1-32 A g! of 1%-9% samples



Fig. S4 SEM (a, b) and TEM (c, d) images of the 8" samples



Element At. Ratio
Mn K 0.92

CoK 1.2

Mi K 7.9

o 1 2 3 4 g & 7 & ] i 1 13 13 14 15 16 17 18 19
MRS 785 cts FER 197590 (0 cis) ey

Fig. S5 TEM-mapping (a-f) images and EDS data (g) of the 8” sample.
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Fig. S18 The detail drawing for H-type SC structure
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IV: AC (A+10 mM [Cu(NH3)4]*") // 811-8* ( C+10 mM [Fe(CN)s]*)
V:AC (B+10 mM [Cu(NH3)4]*") // 811-8* ( C+10 mM [Fe(CN)s]*)

VI: AC (A) // 811-8" (A)
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Fig. S22 The CV window (a, d, g, j, m), CV plots of 10-160 mV s (b, €, h, k, n) and
GCD curves at 1-32 A g! (c, f, i, 1, o) of VII-XI H-type capacitors under high
temperature.

VII: AC (A+10 mM [Cu(NH3)4]*") // 811-8* ( A+10 mM [Fe(CN)s]*+0.5% Na,MoOs)
VII: AC (A+10 mM [Cu(NH3)4]*") // 811-8"* ( A+10 mM [Fe(CN)s]*+1.0% Na,MoOs)
IX: AC (A+10 mM [Cu(NH3)4]*") //811-8* ( A+10 mM [Fe(CN)s]*+1.5% Na:MoOs)
X: AC (A+10 mM [Cu(NH3)4]%") // 811-8* ( A'+10 mM [Fe(CN)s]*+1.0% NaxMoOs)
XI: AC (A+10 mM [Cu(NH3)4]*") // 811-8% (A"+10 mM [Fe(CN)s]*+1.0% Na,MoO4)
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Fig. S23 The EDS data of the 8# cathode in the VIl H-type capacitor [AC (A+10 mM
[Cu(NH3)4]?") // 811-8* (A+10 mM [Fe(CN)s]*+1.0% Na;MoOQs)] after the cycling
tests under high temperature.
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Table S1 The orthogonal analysis of KNCMF-811(1%-9%) electrodes in A electrolytes

Experimental factors Experimental data
Specific Cycle
Samples A B C D capacity ?‘:)tj retention
(cg") (%)
1# Al Bl Cl DI 360 64 73
2 Al B2 2 D2 404 72.9 64
3# Al B3 C3 D3 416 70.8 63
4# A2 Bl 2 D3 377 66.9 48
5* A2 B2 C3 DI 440 67 47
6" A2 B3 Cl D2 327 60.9 59
7* A3 Bl C3 D2 423 70.7 67
8" A3 B2 Cl D3 501 71 62
o# A3 B3 C2 D1 447 65.1 44
n K1 1180 1160 1188 1247
E K2 1144 1345 1228 1154
% K3 1371 1190 1279 1294
§ k1 393.3 386.7 396 415.7
5. k2 381.3 448.3 409.3 384.7
g k3 457 396.7 426.3 431.3
@ Range 75.7 61.6 30.3 46.6
K1 207.7 201.6 195.9 196.1
K2 194.8 210.9 204.9 204.5
9_,7? K3 206.8 196.8 208.5 208.7
i k1 69.2 67.2 65.3 65.37
i\o/ k2 64.9 70.3 68.3 68.17
k3 68.9 65.6 69.5 69.57
Range 4.3 4.7 4.2 4.2
A K1 200.0 188.0 194.0 164.0
é K2 154.0 173.0 156.0 190.0
§ K3 173.0 166.0 177.0 173.0
(E: k1 66.7 62.7 64.7 54.7
3 k2 51.3 57.7 52.0 63.3
;\; k3 57.7 55.3 59.0 57.7
~ Range 15.4 7.4 12.7 8.6
Optimal experimental condition A3B2CI1D3 (8%

A: n(total metal salt ):n(KF), Al =1:2, A2=1:2.5, A3 =1:3.
B: Solvent, Bl = EG+EA (1:1), B2 = EG+NPA (1:1), B3 = EG+NBA (1:1), Total volume=36 mL.
C: Temperature, C1 =160 ‘C, C2=170 C,C3 =180 C.

D: Time, D1 =6 h, D2 =12 h, D3 =24 h.
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Table S2 Specific capacity (C g™!) and cycling retention (%) of the KNCMF-811 (1%-9%) and AC

electrodes in A electrolytes

Current density/ (A g1)

Cycling Retention % /

Samples 8 A g1/10000 cycles
1 2 4 8 16 32
1* 360 340 320 2864 2592 2304 73
2% 404 386 372 343.2 3204 2944 64
3# 416 396 380 344 3219 2947 63
4* 377 358 344 3152 2819 2522 48
5% 440 416 396 365.6 3248 294.7 47
6" 327 306 284 2544  230.6 199 59
7 423 402 380 349.6  326.7 299.2 67
8" 501 468 444 4112 381.8 3558 62
9* 447 418 392 363.3 3213  291.2 44
AC 260 211.6 1956 1832 172.8 160 95
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Table S3. EIS fitting parameters of the 8" electrode before and after cycling test in A electrolytes.

Model L (H Resr(@Q C®E  Ra(Q) W(Ssec™S) C(F) P
Before 9.8x107  0.62  L7x10°  0.53 0.32 0.64  5.8x107
CT

LR(C(RW))C
After 82x107 073 8.1x10*  1.03 0.055 023  4.6x107
CT
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Table S4 The preparation of specific electrolytes

Electrolytes

Supporting electrolytes

Additive

A

A+1 mM [Fe(CN)g]*

A+5 mM [Fe(CN)s]*-

A+10 mM [Fe(CN)]*

A+20 mM [Fe(CN)e]*

A+50 mM [Fe(CN)e]*

A+100 mM [Fe(CN)e]*

A+200 mM [Fe(CN)sJ*

A+1 mM [Cu(NH3)?*

A+5 mM [Cu(NHs)s]?*

A+10 mM [Cu(NH3)4]>*

A+20 mM [Cu(NHs)4]?*

C+10 mM [Fe(CN)J*

B+10 mM [Cu(NH3):]>*

A+10 mM [Fe(CN)s]*+0.5 wt% Na:MoOs
A+10 mM [Fe(CN)s]*+1.0 wt% Na:MoOs
A+10 mM [Fe(CN)s]*+1.5 wt% Na:MoOs
A'+10 mM [Fe(CN)g]*+1.0 wt% Na:MoOs

A"+10 mM [Fe(CN)s]*+1.0 wt% Na;MoOs4

9.9018 g KOH+1.1042 g LiOHeH,0
9.9018 g KOH+1.1042 g LiOH*H,0
9.9018 g KOH+1.1042 g LiOHeH,0
9.9018 g KOH+1.1042 g LiOH*H,0
9.9018 g KOH+1.1042 g LiOHeH,0
9.9018 g KOH+1.1042 g LiOH*H,0
9.9018 g KOH+1.1042 g LiOHeH,0
9.9018 g KOH+1.1042 g LiOH*H,0
9.9018 g KOH+1.1042 g LiOHeH,0
9.9018 g KOH+1.1042 g LiOH*H,0
9.9018 g KOH+1.1042 g LiOHeH,0
9.9018 g KOH+1.1042 g LiOH*H,0
15.3182 g KNOs

11.2387 g KCl

9.9018 g KOH+1.1042 g LiOHeH,0
9.9018 g KOH+1.1042 g LiOH*H,0
9.9018 g KOH+1.1042 g LiOHeH,0
6.6012 g KOH+1.1042 g LiOH*H,0

13.2024 g KOH+1.1042 g LiOH*H,O

0.0165 g K3[Fe(CN)q]

0.0827 g K3[Fe(CN)e]

0.1655 g K3[Fe(CN)q]

0.3309 g K3[Fe(CN)e]

0.8273 g K3[Fe(CN)q]

1.6545 g K3[Fe(CN)e]

3.3090 g K3[Fe(CN)q]

0.0126 g CuSO4+5H,0 +0.1 mL NH;eH,0

0.0631 g CuSO4+5H;0 +0.5 mL NH;#H,O

0.1261 g CuSO4+5H,0 +1 mL NH;eH,0

0.2522 g CuSO4+5H;0 +2 mL NH;¢H,0

0.1655 g K3[Fe(CN)e]

0.1261 g CuSO4+5H;0 +1 mL NH;eH,0

0.1655 g K3[Fe(CN)e]+0.3058 g Na;MoO4e2H,0
0.1655 g K3[Fe(CN)e]+ 0.6116 g NasMoO4e2H,0
0.1655 g Ks[Fe(CN)s]+ 0.9175 g Na;MoO4s2H,0
0.1655 g K3[Fe(CN)s]+ 0.5787 g Na;MoO4s2H,0

0.1655 g Ka[Fe(CN)s]+ 0.6447 g Na;MoO4e2H,0

Note: Volume = 50 mL.
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Table S5. Specific capacity (C g') and cycling retention (%) of the 8 electrode in A

electrolytes with different concentrations of [Fe(CN)e]*- additives.

Current density / (A g!) Cycling Retention%/
Conc.
1 2 4 8 16 32 64 30 A g1/10000 cycles
0 501 468 444 411.2 381.8 355.8 256 58
1 572 528 488 440.8 396.6 3424 2227 70
5 622 560 512 469.6 4234 3789 307.2 61
10 724 618 560 5224 4683 42277 3334 43
20 1017 760 664 6104 540.8 479 365.4 37
50 4179 1158 820 638.4 492.6 3274  94.7 33
100 5097 1254 828 739.2 572.8 448.6 260.5 4.2
1067.
200 7926 5130 960 744 642.6  299.5 1.6
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Table S6 Specific capacity (C g') and cycling retention (%) of the AC electrode in A

electrolytes with different concentrations of [Cu(NH3)4]*" additives.

Current density/ (A g')

Cycling Retention % /

Conc.
1 2 4 8 16 32 64 30 A g1/10000 cycles
0 260 211.6 195.6 1832 172.8 160 134.5 83
1 265.1 222.6 205.6 1899 172.6 160.3 140.8 83
5 359 306 280  241.1 2254 2042 1472 81
10 442 338 308 283 256 2356 197.1 100
20 564 320 268 2105 194.1 1674 1338 72
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Table S7 The active mass ratios of AC anode/811-8" cathode for SCs

On(Cgl)/ (1Agh)

SCs AC 811-8* d
A A+1I0mM  B+l0mM A A+10 mM A20mM  C+lomm m-imt [C
[Cu(NH3))**  [Cu(NH3)4]* [Fe(CN)s]*(+NazMoOs)  [Fe(CN)s]*  [Fe(CN)s]*
I 442 724 1.6/1 25
II 442 1017 2.3/1 25
I 434 724 1711 25
I\ 442 168 126 25
\Y 434 168 1/2.6 25
VI 260 501 191 25
[ 442 724 1L.6/1 20
I 442 724 161 50
Vil 442 724 1.6/1 50
442 724 .61 50
IX 442 724 1.6/1 50
X 442 724 161 50

XI 442 724 1.6/1 50
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Table S8 The specific electrolytes of AC anode and 811-8* cathode for SCs

SCs

AC

811-8*

A+10 mM [Cu(NH;3)4]**
A+10 mM [Cu(NHz)>*
B+10 mM [Cu(NH3)s]?*
A+10 mM [Cu(NHz)>*
B+10 mM [Cu(NH3)sJ*
A
A+10 mM [Cu(NH;3)4]**
A+10 mM [Cu(NHz)>*
A+10 mM [Cu(NH;3)4]**
A+10 mM [Cu(NHz)>*

A+10 mM [Cu(NH3)4]**

A+10 mM [Fe(CN)s]*

A+20 mM [Fe(CN)g]*

A+10 mM [Fe(CN)s]*

C+10 mM [Fe(CN)q]*

C+10 mM [Fe(CN)e]*

A

A+10 mM [Fe(CN)6]*+0.5 wt% Na,MoO4
A+10 mM [Fe(CN)6]*>+1.0 wt% Na,MoO4
A+10 mM [Fe(CN)s]*+1.5 wt% Na:MoOs
A'+10 mM [Fe(CN)e]*>+1.0 wt% Na,MoO4

A"+10 mM [Fe(CN)s]*+1.0 wt% Na;MoOy
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Table S9 Ragone and cycling behavior of SCs at room temperature.

SCs (llzel:lesl;tg;’/ Pov;;e‘l);]dkegn:ity/ Cycling Retention%
Wh kg

o -1

I 62.95-15.64  0.289.07 gg;jfgggggg : ggil*

i 54.3-6.86 0.24-7.53 100%/10000/20 A g

I 54.14-1.42 0.27-8.53 100%/10000/20 A g’
v 22.20-5.31 0.71-11.37 75%/10000/5 A g’
% 11.62-3.54 0.73-11.64 142%/10000/4 A g
VI 20.55-9.23 0.26-8.31 14%/10000/20 A g

Note: * the value is based on the 30" cycle.
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Table S10. A comparison for the performance of the SCs in the study with some
reported SCs.
Working  Energy Power Cycling behavior /
SCs Electrolytes voltage density density retention%, cycles,  Refs.
IV /Whkg! /KW kg! current density
SCs without redox electrolytes
) 3 M KOH+0.5M
K-Ni-Co-F//AC i 1.5 42.7 0.242 98%/10000/4 A g’! 1
LiOH
3 M KOH+0.5 M
K-Co-Mn-F//AC i 1.5 8 0.14 90%/10000/5A g™ 2
LiOH
Co(OH)»//GO 1 M KOH 1.2 11.94 2.54 / 3
MnO,//AC 0.5 M K2504 1.8 28.4 0.15 94%/23000/10 C 4
Ni(OH)2//AC 1 M KOH 1.3 35.7 0.49 81%/10000/50 mV s-! 5
Co304//NPC 6 M KOH 1.6 36 1.6 89%/2000/5 A g! 6
Ni—Zn—Co
) ) 6 M KOH 1.5 16.62 2.9 84%/1000/2A g! 7
oxide/hydroxide//AC
NiCo0204/RGO 6 M KOH 1.3 23.9 0.65 93.5%/10000/5 A g™! 8
NiC0204@MnO,//AC 1 M NaOH 1.5 35 0.163 71%/5000/18 mA cm™ 9
CQDs/NiCo204//AC 2 M KOH 1.5 27.8 0.128 101.9%/5000/3 A g! 10
rGO/NiCo204//AC 2 M KOH 1.3 23.32 0.325 83%/2500/2A gt 11
SCs with redox electrolytes
2 M KOH+0.050 g
AC//AC 1 19.86 17 94.5%/4000/1 A g! 12
PPD
1 M Na,S04+0.1 M
AC//AC Fe(CNg)**/ 2 19.8 11.5 80%/7000/30 mA cm 13
Fe(CNe)*
1 MKBr+0.1 M
AC//AC 1.4 51 0.52 30%/300/0.5 A g! 14
MVCl,
1 M KOH+0.05 M
rGO//rfGO 0.8 44 / 81%/5000/0.83 A g! 15

KI
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AC//AC

PANI//PANI

AC//AC

AC//AC

AC//AC

AC//AC

FAC//FAC

AC/KNCMF-811(8%)

1.2 M KsFe(CN)s

1 M H.S04+0.8 M
Fe3/Fe?*

1.2 M EVBr+0.12
M TBABr+2.88 M
NaBr
1 M H2S04+0.03 M
viologen
1 M H2S04+0.08 M
KBr
1 M H,SO4t0.3 g
VOSO4
2 M KOH+0.04 M
K3Fe(CN)s

3M KOH + 0.5 M
LiOH+10 mM
[Cu(NH3)4]*//3 M
KOH + 0.5 M
LiOH+10 mM
[Fe(CN)6]*

0.8

1.35

0.9

0.8

0.8

0.6

1.5

283

22.1

64

23

11.6

13.7

239

62.95
54.94
45.94
33.04
26.36
15.64

<0.1

0.774

>3

0.325

0.28
0.57
1.13
2.22
4.49
9.07

80%/9000/1 A g!

93%/10000/5 A g'!

90%/5000/2 A g!

130%/1000/2.5 A g!

100%/4000/5 mA cm™

97.6%/4000/5 mA

cm?

90%/2000/1 A g'!

79%/10000/20 A g!
(based on the 1% cycle)

88%7/10000/20 A g!

(based on the 30% cycle)

16

17

18

19

20

21

22

This
work
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Table S11 Ragone and cycling behavior of SCs at low and high temperatures.

Energy Power Cycling
Temperature SCs density/ density/ Retention %/
Wh kg! kW kg'! 20 A g1/5000 cycles
20 C I 36.81-3.18 0.14-1.73 72%
I 70.08-17.38  0.29-9.37 29
VI 52.17-11.35  0.28-9.12 58
VI 67.19-15.8 0.3-9.48 61
50 C
IX 44.12-19.15  0.27-8.61 31
X 38.75-12.21  0.26-8.45 28
XI 53.94-17.04  0.27-8.65 41

Note: * 10000 cycles
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Table S12 Chemicals, reagents and materials used in the study.

Chemials,
Reagents and Type Company Characteristics
Materials
NiCl2*6H,0O AR SinoPharm purity>98.0%
CoCl*6H20 AR SinoPharm purity>99.0%
MnCl+4H,0 AR SinoPharm purity>99.0%
KF+2H,0 AR SinoPharm purity>99.0%
PVP-K30 GR SinoPharm /
Tianjin Fengchuan .
CuSO045H,0 AR ) purity>99.0%
Chemical Reagent
Changsha Fenlukou .
Ks[Fe(CN)g| AR purity>99.5%
Reagent
NH3z*H;O AR Xilong Scientific w: 25%-28%
KOH AR SinoPharm purity>85.0%
LiOHeH:0 AR SinoPharm purity>95.0%
KCl AR SinoPharm purity>99.5%
KNO3 AR Xilong Scientific purity>99.0%
EG AR SinoPharm purity>99.0%
NBA AR SinoPharm purity>99.5%
NPA AR SinoPharm purity>99.0%
. D50: ~10 um; Density: >0.4 g
AC YEC 8a FuZhou YiHuan
cm3; SSA:2000~2500 m? g!
Batt
AB e / /
grade
NMP AR Kermel purity>99.0%
Batt
PVDF e / /
grade
. Battery Tianjin Aiweixin .
Nickel foam ] Thickness: 1.5 mm
grade Chemical Technology
Proton exchange .
NI115 Dupont Thickness: 127 pm

membrane
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