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Fig. S1 Thermogravimetric (TG) curve for as-prepared CuHCF measured in nitrogen

atmosphere at a heating rate of 10 °C min™',
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Fig. S2 N2 adsorption-desorption isotherm and BJH pore size distribution for CuHCF.

Table S1 Textural properties of CuHCF.

Sample Seer (m? g!) Vpore (cm® g'1) dssu (nm)

CuHCF 185.0 0.47 3.7




1.2 v L] M !l M L} M L} M L} M L)
I[H,80,]=~1.7 M
[} _o _____
— e
L ,¢!
(:}:)1.1 - o !
]
e | &
> / n/n:—-D-—D————D ------- o
o 1.0F y
Lu ;/f I 0 1] 1}
: o EJ(Fe"/Fe")
i o E)(Cu'/Cu)
0.9 1 H 1 1 1 1
15 -10 -05 00 05 10 15 20
Nominal pH

Fig. S3 Pourbaix diagram (E° vs. nominal pH) of CuHCF in sulfuric acid solutions of

different concentrations (0.1~8 M).
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Fig. S4 (a) Galvanostatic charge-discharge profiles of the CuHCF electrode at 2 A g!
in sulfuric acid solutions of different concentrations. The inset of (a) is the plot of
capacity versus sulfuric acid concentration. (b) Capacity retention of the CuHCF

electrode at 10 A g! in sulfuric acid solutions of different concentrations.
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Fig. S5 CVs of TPPZ (a), DPPZ (b) and DBPZ (c) electrodes in 1 M H2SO4 solution at
100 mV s during the 2", 25™ 50" and 100" cycles. Capacity retentions of the TPPZ

(d), DPPZ (e) and DBPZ (f) electrodes at 10 A g! in 1 M H2SOs solution.
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Fig. S6 Pourbaix diagram (E° vs. nominal pH) of DPPZ in sulfuric acid solutions of

different concentrations (0.5~5 M).
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Fig. S7 (a) Galvanostatic charge-discharge profiles of the DPPZ electrode at 2 A gl in

sulfuric acid solutions of different concentrations. The inset of (a) is the plot of capacity

versus sulfuric acid concentration. (b) Capacity retention of the DPPZ electrode at 10

A g’ in sulfuric acid solutions of different concentrations.
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Fig. S8 The GCD profiles of the DPPZ//CuHCF APB in a 3 M H2SOs aqueous

electrolyte at several current densities between 0.3 and 1.2 V.
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Fig. S9 The CV profiles with the capacitive contribution of APBs at the scan rate of 1,

2,4, 8 and 12 mV s7!, respectively.
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Fig. S10 (a) 'H NMR spectrum of substances extracted from the anolyte after 10,000

cycles with chloroform (CHCI3). (b) XRD patterns for CuHCF cathodes after the 2™

and 10,000 cycles.

The five well-defined proton peaks attributed to DPPZ was observed in the anolyte

after 10,000 cycles (Fig. S10a), indicating the dissolution of DPPZ or its reduced form

during the charge-discharge process. The XRD diffraction peak position was basically

identical for the CuHCF cathode before and after the long-term cycle, indicating that

the crystalline structure of CuHCF was still maintained.



Table S2 A performance summary of aqueous proton batteries (APBs). OCYV, open circuit voltage. Capacity and energy density are calculated
based on the total weight of both active electrode materials. NA, not applicable. AQDS, anthraquinone-2,7-disulfonate. CRP, conducting redox
polymer. DPPZ, dipyridophenazine. InHCF, indium hexacyanoferrate. AQ, anthraquinone. TCHQ, tetrachlorohydroquinone. CuHCF, copper
hexacyanoferrate. pDTP-AQ, poly(dithieno[3,2-b:2°,3’-d] pyrrole) N-twisted anthraquinone pendants. pDTP-NQ2H, poly(dithieno[3,2-b:2’,3’-d]
pyrrole) N-twisted naphthohydroquinone pendants. PNAQ, poly(aminoanthraquinone). PUQ, AQ-based polyurethane. PTC, a catechol-based
poly(3,4-ethylenedioxythiophene) (PEDOT). PO, poly(2,9-dihydroquinoxalino[2,3-b] phenazine). PR, fully reduced PO. NiHCF, nickel

hexacyanoferrate.

. Energy
OCV | Capacity | Coulomb ) Energy ) )
Battery type V) (mAhg") | efficiency ( ‘()l‘fl?sklgy] ) efficiency Capacity retention
0 ~ _~ >R()° 0 - -1 0
Alizarin//Alizarin 5! 104 811(.)5(§;1t 9?:)(2(;& S{A(agt_l)lﬁ (at81(z)/é) 47% at 10 C (~1.6 A g C)yt;(iz)loo cycles (99.25% per
Alizarin//2,3-CHs- ~82 (at 10 | ~88% (at o o
quinizarin ! 1.16 Q) 10 C) NA NA 55% at 10 C for 500 cycles (99.88% per cycle)
. 54(atl | 99.4% (at | 28.5(at1l 78% 70% at 5 C (~0.27 A g’ for 600 cycles (99.94% per
AQDS//tiron [52] <0.7
0] 50) O) (at5C) cycle)
~ 0 -1 0
pEP(NQ)E[/S/gEP(QHz)E 0.4 45C()at 3 NA 18 (at 3 C) NA 85% at 3C (0.18 A g™) Cf}(])(rﬂz;)o cycles (99.968% per
DPPZ/InHCFS 0.82 37(at1 A | 99.7% (at | ~28 (at 1 A 69.5% 76.1% at 6 A g’ (~52 C) for 3000 cycles (99.991%
gh 6 Ag™h) gh (at 6 Agh) per cycle)
~53 (at o 1 o
AQ/TCHQISS 061 | 045A¢ NA 30.6 (a‘_t145 NA 70.8% at 0.225 A g~ (5 C) for 500 cycles (99.931%
N mAg) per cycle)
* 0 )
CuHCF half-cell(S¢ NA 95 é.)’:lt 1 NA NA NA 60% at 500 C for 730,0()}]()(:(;ec)ycles (99.99993% per




46 (at2 A | ~98° 40 (at2 A g
MoOs//CuHCFST | ~10 | *° g_‘f) 29 i/;_l()at 0 (atl) £ NA 85% at 2 Ag”! for 1000 cycles (99.984% per cycle)
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PNAQ/PNAQ™!™ | ~0.65 | " aeh | 6Ag) | 06Ag) NA eyele)
~39 (at | ~98% (at | ~24 (at 0.5
PUQ//PTCSM 0.72 0.5 A(ga'l) 5 A/;_E;l A(gl) NA 80% at 2 Ag™! for 1000 cycles (99.978% per cycle)
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*Based the cathode materials.
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