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Electron transfer coefficient (o) and charge transfer rate constant (k%) for ET1 and
ET2

Fig. S1 shows CVs of HATN electrode in 1 M KOH solution at different scan
rates (v). The scan rates increase from 0.2 to 4 V s°!. The o and k° were determined by

Laviron’s method 31 from the following equation:
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where AE, is the potential difference between the oxidation and reduction peak, v is the



scan rate, n is the transfer electron number (n=3), k° is charge transfer rate constant,
and a is electron transfer coefficient, respectively.

The plot of AE, versus log(v) produces a straight line along with an intercept at
high scan rates (Fig. S2a and S2b). The £°is obtained from the intercept value. The «
value for both ET1 and ET2 of HATN can be calculated from the slope of the AE-log
(v) dependence (2.3RT/a(1-a)nF), which is about 0.74 and 0.53, respectively. Then, the

k° value for ET1 and ET2 is calculated to be ca. 9.66 and 33.3 s°!, respectively.
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Fig. S1 CVs of HATN electrode in 1 M KOH solution at different scan rates (the scan

rates (v) from 0.2 to 4 V s71).
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Fig. S2 (a) Plot of AE, versus log (v) for ET1 of HATN electrode. (b) Plot of AE, versus

log (v) for ET2 of HATN electrode.
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Fig. S3 'H NMR (500 MHz, CDCl;) spectra. (A) as-synthesized HATN. (B) HATN
after 7 days treating in 1 M KOH at 25 °C.

The as-synthesized HATN (11.5 mg) was added to 20 mL of 1 M KOH solution
with intense magnetic stirring at room temperature and kept for 7 days. Then, 20 mL of
chloroform was added to dissolve HATN and extract possible decomposition products.
After the chloroform was removed by rotary evaporation, about 0.5 mL deuterated
chloroform was added to form a saturated solution of HATN that was used as the
sample for the "H NMR analysis. Two additional proton peaks located at 7.51 and 7.09
ppm were observed in the "H NMR spectrum of the HATN sample after 7 days treating
in 1 M KOH, which was assigned to hydrogenated hexaazatrinaphtylene (e.g. HATN-

2H, a by-product of HATN) that was enriched during sample processing.



Table S1. Summary of various hybrid RFBs. j, current density; AC, areal capacity; p,

mass loading of anode material; r, material utilization. NA, not applicable.

Flow cell j(mA AC(mAh p(mg nd Cycle Anolyte
cm?) @ cm?)b  cm?)¢ number
Zn-polyiodide 52 10 2343 429.2 66.6% 38 3.5M Znl,
Zn-Br, &I, S3 10 34 122.6 33.8% 20 SM Znl, +
2.5M ZnBrn,
Zn-Br, single $4 80 23.2 58¢ 48.7%°¢ 500 3M ZnBr,
Zn-Br, 5 40 40 726.7 6.7% 140 2 M ZnBr,
Zn-Br, 3¢ 100 20 545 4.5% 5000 2 M ZnBr, +
0.5 M ZnCl,
Zn-Fe 87 100 26.3 40.9 78.5% 210 0.5M
Zn(OH) >
Zn-Mn 8 40 13.3 54.5 30.0% 100 1.5 M ZnCl,
Zn- 2 0.108 3.14 4.2% 1000 0.08 M
poly(TEMPO) ZnCl,
static °
Zn-TEMPO- 40 ~20 261.6 9.3% 50 2 M ZnCl,
SO;K 810
PPyQX- ~1.54 0.18 0.37 24.2% (at 1000 NA
K4Fe(CN)6S!! Agh 1 Agh)
TPPHZ- 10.2 (10 0.09 1.02 71.7% (at 1200 NA
K4Fe(CN)g 512 Agh 1 Ag)
HATN- 20 (8 A 0.668 2.5 63.9% (at 1500 NA
K.Fe(CN)s (this o) 0.5 Ag)
work)

aThe applied current density during the long-term charge-discharge cycling. PAreal

capacity is obtained by dividing the achieved reversible capacity by the active electrode

area. “The mass loading of anode material () is calculated using the following formula:
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(Eq. S1)



where n is the number of electrons per mole, C is the concentration of zinc ion in the
anolyte, V is volume of the anolyte, F is the Faraday constant and A is the electrode
area. 9The material utilization (1) is obtained by dividing the achieved reversible

capacity by the theoretical capacity of the anolyte or the solid anode material. *Based

on the volume of anolyte of 14.2 mL.
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Fig. S4 Average current efficiency of the HATN//K4[Fe(CN)¢] cell versus charge cut-

off voltage at a constant current density of 8 A g-!.



Table S2 Performance comparisons of the HATN//K4[Fe(CN)s] AHFB with
other previously-reported organic AHFBs. OCV, open circuit voltage (in V);
SDC, specific discharge capacity; CE, Coulomb efficiency; EE, energy
efficiency; CRPC, capacity retention per cycle. NA, not applicable. All

performances data are obtained at room temperature.

AHFB oCcv SDC CE EE CRPC
~99.977%
Zn//poly(TEM ~98% (at 81% (at
1.70 vV 1.1 AhL"'2 (1000
PO) 0 0.01A cm?) 0.01A cm?)
cycles)
>98% (at >86% (at 99.994%
Zn//TEMPO-
1.69V 0.92 AhL'=  0.003 Acm- 0.003 A cm" (1100
SO;K S10
2) 2) cycles)
99.5% (at 70.2% (at 99.92%
Zn//FQ S13 20V  ~45 AhL-®
0.02A cm?) 0.02A cm?) (50 cycles)
~72% (at 42% (at NA (20
Zn//pBQ S14 >1.17V NA
0.03A cm?) 0.03A cm™?) cycles)
Zn//g'- 99.3% (at  77.1% (at  99.954%
~1.6 V ~4.2 AhL12
TEMPO 515 0.02 A cm?) 0.02Acm?) (140 cycles)
23.9 mAhg"
PAQP,/NH,- 53.9% (at 99.80%
1.2V 1(at0.2 Ag NA
TEMPO 816 o 1A g (100 cycles)
62.2 mAhg
PAQP,/G//NH 92% (at 1A 74.5% (at 99.68%
1.2V 1(at0.2 Ag
»-TEMPOQ 516 o gh 1A g (100 cycles)
PPyQX//K,[F 67.1 mAhg  93.8% (atd  80.5% atd 17
.1 mAhg . a . a
Y 115V & ° ° (1000
&(CN)q] 3" lat1Agh®  Agh) Agh
cycles)
98.6% (at 10  87.2% (at 10 99.998%
TPPHZ//K4[F 92.4 mAhg-
1.37V Aglorl102 Ag'lorl0.2 (1200
e(CN)g] 812 Iat 1 AghP
mA cm?) mA cm?) cycles)
87.1 mAhg- 95.1% (at5 89.3% (at5 ~99.9938%
TPPHZ/G//K, 1 ] ]
Feenyg s 10V @0SAg Aglorss  Aglorss (3000
¥ b mA cm?) mA cm?) cycles)
HATN//K,[Fe 267 mAhg  99.7% (at8  75.5% (at8  ~99.977%
(CN)g] inthis ~1.14V  1(at0.5Ag" Aglor20 A g!or20 (1500
work b mA cm?) mA cm?) cycles)

aBased on the catholyte. PBased on the anode material.
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Fig. S5 (a) UV-vis absorption spectra of the K4Fe(CN)qs solution with different
concentration. (b) The linear plot between the concentration of K4Fe(CN)g and the

maximum absorbance recorded at A=223 nm. The concentration of K4Fe(CN)¢ at the

anode side (acceptor half cell) was calculated to be ~3.99 mM.
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Fig. S6 EIS spectra of the HATN//K4Fe(CN); cell before and after 1500 cycles.
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Fig. S7 13C NMR spectrum (125 MHz, D,0) for the supporting electrolyte on

the HATN side after 1440 cycles at 8 A g!.
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Fig. S8 SEM images of a HATN electrode. (a, b) before cycling. (c, d) after cycling.
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Fig. S9 CV curves of the HATN electrode before and after 1440 cycles at 25 mVs-!.
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Fig. S10 Cycling capacity retention and efficiency data of the HATN//K4[Fe(CN)g] cell
at8 A g''. 1 M KOH + 0.35 M KCl solution (10 mL) was used as the anodic supporting
electrolyte while 50 mM K4[Fe(CN)4] + 50 mM K;[Fe(CN)g] in 1 M KOH solution (10
mL) was used as the catholyte. After 1568 cycles, the Fe(CN)s*/Fe(CN)g> catholyte

was replaced with a fresh one.
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