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1. Materials and Instruments

Benzoyl chloride, terephthaloyl chloride, 1,3,5-Benzenetricarboxylic acid chloride,
methoxyammonium chloride, potassium carbonate (K,CO;), zinc trifluoromethanesulfonate
(Zn(CF;3S03), , >98%) 1,4-naphthoquinone, ethyldiisopropylamine (‘ProNEt), acetonitrile, N,N-
Dimethylformamide (DMF), dichloromethane (DCM), poly(vinyl alcohol) (PVA (85-90 mol%
hydrolyzed); Mw: 8200), urea, zinc sulfate heptahydrate (ZnSO4-7H,0, =99%) were purchased from
Adamas, Alfa Aesar, Aldrich and Energychemical. polytetrafluoroethylene (PTFE) emulsion was
purchased from Tianjin Anuohe New Energy Technology Co. Ltd. Carbon black (ECP-600JD) was
purchased from Shenzhen Kejing Zhida Technology Co. Ltd. Zinc metal foil was purchased from
Qinghe Jiarun Metal Materials Co. Ltd. CR2032 battery case and separator were obtained from
DoDoChem. Unless otherwise stated, all other reagents or solvents were used without purification.

'H NMR and '3C NMR spectra were recorded on 600 MHz BRUKER spectrometers. IR spectra
were obtained on a PE-Frontier instrument. Ultraviolet-visible (UV-vis) absorption spectra were
obtained on Cary 3500 spectrometer. Scanning electron microscope (SEM) images were recorded
using a Hitachi SU8220 system. Powder X-ray diffraction (PXRD) patterns were recorded on a Bruker
D8 Advance instrument. Thermogravimetric analysis (TGA) was performed under a nitrogen
atmosphere from 25 to 800 °C with a heating rate of 10 °C min'!. The X-ray photoelectron spectra
(XPS) experiments were carried out on a PHI-5400 electron spectrometer. Theoretical calculations

were carried out at the B3LYP/6-31G (d, p) level by using the GAUSSIAN 09 suite of programs.S!
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3. Synthesis

Synthesis of MANQ.
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A mixture of 1,4-naphthoquinone (2.1 g, 12 mmol), N-methoxybenzamide (1.8 g, 12 mmol), iPr,NEt
(3.1 g, 24 mmol) in CH;CN (80 mL) was stirred in at 70 °C for 12 hours. After removal of volatiles
under vacuum, the residues were purified on silica flash column with AcOEt/hexane (1:10, v/v) as
eluents to obtain the final product as brown solid (Yield: 91 %). '"H NMR (600 MHz, CDCl;): J (ppm)
=9.21 (s, 1H), 8.15 (t,J= 7.8 Hz, 2H), 8.03 (s, 1H), 7.95 (d, /= 7.8 Hz, 2H), 7.81 (t,J = 7.8 Hz, 1H),
7.75 (t,J=17.8 Hz, 1H), 7.62 (t,J= 7.8 Hz, 1H), 7.55 (t,J= 7.8 Hz, 2H). 3C NMR (150 MHz, CDCl;):
o (ppm) = 185.15, 181.23, 165.82, 140.13, 135.07, 133.32, 133.27, 132.97, 132.30, 130.00, 129.07,

127.36, 126.72, 126.48, 117.31. HR-MS: m/z calculated for C{;H;,NO;* [M+H]* 278.0812, found

278.0814.
Synthesis of TANQ.
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A mixture of 1,4-naphthoquinone (15.8 g, 100 mol), N’, N’’, N’”’-trimethoxy-1,3,5-tricarboxamide
(4.95 g, 16.7 mmol), iPr,NEt (26 mL, 150 mmol) in DMF (250 mL) was stirred in at 70 °C for 48
hours under N,. The resulting precipitate was collected by hot filtration, washed with DMF, EtOH and
THEF. The products were dried in vacuo for 24 h. Yield: 57 %. "H NMR (600 MHz, CDCl;/CF;COOD
(9:1, v/v)): 6 (ppm) = 9.60 (s, 3H), 8.81 (s, 3H), 8.22-8.18 (m, 6H), 8.12 (s, 3H), 7.92-7.85 (m, 6H).
3C NMR (150 MHz, CDCI3/CF;COOD (9:1, v/v)): 6 (ppm) = 188.96, 180.38, 166.40, 140.84, 135.96,

135.08, 134.59, 131.47, 131.39, 129.70, 127.61, 127.26, 118.38.

3. Battery Fabrication and Testing

The working electrodes were prepared by mixing the TANQ or MANQ, conductive carbon black
(ECP-600JD) and polytetrafluoroethylene (PTFE) with a mass ratio of 6/3/1 (unless other noted) using
H,O0 as dispersion solvent. Noted that 60 wt.% polytetrafluoroethylene (PTFE) dispersion in H,O was
used. Then the slurry was compressed into discs and pressed onto stainless-steel mesh. The mass
loading of the active materials was ca. 1.0 mg cm2. The fully prepared electrodes were then dried at

80 °C for 12 h in a vacuum oven to remove any residual solvent.

To construct zinc-organic batteries, TANQ or MANQ based cathode, 2 M aqueous Zn(CF;S0s3),
electrolyte, Zn metal anode (> 99.99% purity), and glass fiber separator were packaged into CR2032
coin-type cells. The battery was left to stand for 12 hours before testing. The battery performance data
were measured on a LAND CT2001A battery system at 30 °C with the voltage range of 0.1-1.6V.
Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) tests of the batteries
were performed on a CHI760E electrochemical workstation. To perform the galvanostatic intermittent

titration technique (GITT), the cells were subjected to 10-minute charge/discharge pulses at a constant
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current, with 30-minute intervals for voltage relaxation, using cut-off voltages of 1.6 V (charge) and

0.1 V (discharge).
4. Calculations of the Electrochemical Metrics

Theoretical capacity (Ctheor, mAh g!) was calculated according to the equation (1):

nk
3.6XM (1)

Ctheor =

where n is the number of electrons transferred per molecules, F is the Faraday’s constant
(96484 C mol!), M is molecular weight of the molecules.

The b-value and capacitive contribution at a particular potential were determined as follows:

The relationship between scan rate (v, mV s') in a CV and the corresponding cathodic or
anodic peak current (i,, A g!) is shown in equation (2).52 The b-value was the slope of the log(v)-

log(i,) plots according to equation (3).

ip =av )
log (i,,) = log (a) + blog (v) 3)
where a and b are adjustable parameters.
Moreover, the relationship between the current at a particular potential (i(V), A g'') and the

scan rate (v, mV s!) is shown in equation (4).33 Solving for the values of k; and k; at each potential,

we can obtain the percentage of capacitive contribution the total current (kyv/i(V)).

N 1/2
(V)= kv'"+k,v @)
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5. Calculation of apparent ion diffusion coefficients (D,p, cm? s!) from GITT

The apparent diffusion coefficients (D,p,) are calculated by the following equation: 54
o [,
WP o\ SM, | \AE
m t (6)

where D,,, is the apparent ion diffusion coefficient (cm? s'!), 7 is the the duration of the current

pulse (s), Vi, is the molar volume of the active material (cm® mol!), mp is the mass of the active
material in the electrolyte (g), My, is the molar mass of active material (g mol!), S is the contact surface
area (cm?) between electrode and electrolyte, AE is the equilibrium potential change induced by

current pulse, 4E; is the potential variation during the constant current pulse.
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6. Supplementary Tables and Figures.

Table S1. Summary of half-cell ZOB performances based on MANQ and TANQ.

Materials | Theor. e Cincor Rate performance: Cycle Stability:
numbers | (mAh g') Capacity (mAh g') Capacity (mAh g!) / retention /
Current density cycles / current density (A g')
MANQ 2 193 161, 125, 99, 86, 78, 74 97/59%/250/0.2
0.1,0.2,0.5, 1.0, 2.0, 3.0 72/72%/700/2
TANQ 6 238 213,203, 190, 176, 153, 132 174/80%/250/0.2
0.1,0.2,0.5, 1.0, 2.0, 3.0 130/94%/700/2
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Figure S1. 'H NMR spectra of MANQ in CDCl; at 298 K.
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Figure S2. 3C NMR spectrum of MANQ in CDCl;.
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Figure S3. 'H NMR spectrum of TANQ in CDCl; with 5% CF;COOD at 298 K.
Note: TANQ is not soluble in CDCl;. Addition of CF;COOD can break the hydrogen bond to

promote the solubility.
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Figure S4. 3C NMR spectrum of TANQ in CDCl; with 5% CF;COOD at 298 K.

S10



_100%:-

2

‘5,’ 80% A

(@)]

8

S 60% A

o

$ 40%-

<

o ono. | ——MANQ

g 20% ——TANQ

O% T T T
0 200 400 600 800

Temperature (°C)

Figure S5. Thermal gravimetric analysis (TGA) profiles of TANQ and MANQ.
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Figure S6. SEM image of TANQ.
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Figure S7. XRD patterns of TANQ.
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Figure S8. EIS curves of TANQ at different cycles.
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Figure S9. Kinetic study of MANQ electrode. (a) CV curves at different scan rates. (b) Log i versus

log v plots to determine the b values of different peaks. (c) Capacitive contributions in CV curve at

different scan rates.
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Figure S10. XRD patterns of TANQ electrodes at different states: pristine, discharged to 0.1 V and

charged to 1.6 V. BZS: basic zinc salt, Zn(OTF),(OH),,.,, nH,O; PTFE: polytetrafluoroethylene

binder.
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Figure S11. O 1s XPS spectra of the TANQ electrode during discharge and charge.
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Figure S12. TEM-EDS mappings of C, N, O, Zn, and S element distributions on TANQ electrodes

at different states: (a) charged to 1.6 V, (b) discharged to 0.1 V.
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Figure S13. Schematic diagram of soft pack battery.
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Figure S14. (a-d) Voltage stability of TANQ soft—pack battery under flat and different bending angles
and acupuncture. (¢) Three TANQ soft—pack batteries light up the LED. (f-h) Two TANQ soft—pack

batteries assembled with gel electrolyte light up the timer.

S15



Table S2. Electrochemical performance comparison of TANQ with previously reported organic

cathodes for ZOBs.
Average Specific Current
Cathode Type Cathodes E (Whkg™) Voltage (V Capacity Density Ref.
vs. Zn/Zn*") | (mAhg?) (mA g")
This
TANQ 141.05 0.65 217 200
work
AQ 92 0.49 188 20 S5
PPPA 117.6 0.56 210.2 50 S6
Organic Small
TRT 136 0.8 170 100 S7
Molecules
MB 83.2 0.8 104 167 S8
DAPBQ 122.4 0.6 204 200 S9
n-PMC 61.45 0.5 122.9 200 S10
APh-NQ@CNT 131.3 0.65 202 100 S11
BDB 140 1.25 112 390 S12
PDpBQH 138 1.15 120 100 S13
Tannin-PANI 116.5 1 116.5 100 S14
PTL 96 0.8 120 100 S15
Organic
AOPs 136 0.8 170 500 S16
Polymers
PO 88.2 0.6 147 50 S17
PNAQ/PNAQ 51 0.6 85 600 S18
pEP(NQ)E/pEP(QH,)E 24 0.4 60 225 S19
Porous HKCO-DANT-COF 135.68 0.53 256 100 S20
framework
P;Q-t 142.2 0.6 237 300 S21
structure
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Table S3. Comparison of diffusion coefficient between reported work and this work.

Cathode Electrolyte D (cm?s7) Ref.
BDPPDO 1 M ZnSO, 109~10-! S22
PDBS 2 M ZnSO, 10-11~10710 S23
PA-COF 1 M ZnSO, 10-11~108 S24
Ky.41MnO,-0.5H,0 2 M ZnSO,+ 0.2 M MnSO, 10-12~10" S25
GDAQ 2 M ZnSO, 10-8~10-12 S26
TANQ 2 M Zn(CF5S03), 10-9~10-12 This work
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