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1 Experimental Section

1.1 DNQPA was synthesized by solvent-free method
All reagents were purchased without further processing. The 2-chloro-1,4-quinone
(4 mmol, 98%, Macklin) and p-phenylenediamine (2 mmol, 99%, Macklin) were

mixed thoroughly in a mortar. The mixture was then heated at 160°C under Ar for



8 h. After cooling to room temperature, it was washed with anhydrous ethanol.
Finally, the product was dried under vacuum at 80 °C for 12 h. The yield was
66.7%.

1.2 DNQPA was synthesized by solvent method
A solution of 2-chloro-1,4-quinone (4 mmol, 98%, Macklin) in ethanol (30 ml) was
charged in a 100 ml double-necked flask, and a solution of p-phenylenediamine (2
mmol, 98%, Macklin) dissolved in 30 ml ethanol was added slowly using a constant
pressure dropping funnel for more than 15 min. After mixing the reagents, the
reaction solution was stirred at room temperature for 24 h. Then the brown
precipitate was filtered and washed with ethanol. Finally, the product was dried
under vacuum at 80°C for 12h with a yield of 32.6%.

1.3 The synthesis of D/G-x
Take D/G-50% as an example. 15 mg DNQPA and 30 mg reduced graphene oxide
were put into a small glass vial, and 8 ml anhydrous ethanol was added and
sonicated for 6 h. After drying under vacuum at 80 °C for 48 h, the complex D/G-
50% was obtained. (Other D/G-x composites were synthesized in the same way
with D/G-50% but with different D/G mass ratios).

1.4 The synthesis of NQ/G
The NQ/G was synthesized in the same way with D/G-50%. 15 mg NQ and 30 mg
reduced graphene oxide were put into a small glass vial, and 8 ml anhydrous ethanol
was added and sonicated for 6 h. After drying under vacuum at 80 °C for 48 h, the
complex NQ/G was obtained.

1.5 Materials characterizations
The pure products were ground into powder for characterization. The crystalline

structure of DNQPA and composites was described using X-ray powder



diffractometer (Bruker D8 ADVANCE) by Cu Ka radiation source. The scanning
rate was 0.2°min"!, and the scanning range was 5° to 60°. The molecular weight of
DNQPA was verified using liquid chromatogram coupled (Waters ACQUITY
UPLC I-Class PLUS) with mass spectrometer (Waters Xevo G2-XS QTof). First,
the product was soaked in 2 mL of chromatographic methanol and dimethyl
sulfoxide (4:1 v/v) mixture to dissolve the active substance in the solution. Then
two drops of the solution using a 100 uL pipette were added to an UPLC-MS vial
with 1 mL additional chromatographic methanol. The samples were detected by
1H nuclear magnetic resonance (NMR JNM-ECA600) and diluted with deuterated
chloroform (CDCls) after dissolution. Fourier transform infrared spectroscopy
(FTIR, Nicolet IS 10, USA) was performed using a single reflection ATR module
with a scanning range of 400-4000 cm™!. Thermogravimetric analysis (TGA) was
used to test the thermal stability of the samples with a heating rate of 10°C/min
from room temperature to 800°C under pure nitrogen atmosphere. The cathode
composites were detected by Scanning electron microscopy (SEM) and energy
dispersive spectrometry (EDS) using Carl Zeiss Sigma 500 field emission. The
samples were sonicated and dispersed in anhydrous ethanol, then added dropwise
onto silicon wafers, and finally dried at 60°C before testing.
1.6 Electrochemical measurements

The electrochemical performance of the samples was evaluated by assembling
CR2032 coin cells in an argon (Ar)-filled glove box. First, the cathode slurry of
DNQPA was prepared by mixing DNQPA, Super P and PVDF with the mass ratio
of 6:3:1 in NMP. The slurry was coated on aluminum foil and dried overnight at
80 °C with the active materials loading of about 0.9 mg cm™ (the NQ cathode is

prepared in the same way as the DNQPA cathode). Then a series of D/G-x cathodes



with different loadings were prepared according to the same method with a mass
ratio of 9:1 between D/G-x and PVDF, and the active materials loadings are about
0.8-1.0 mg cm (the NQ/G cathode is prepared in the same way as the D/G-x
cathode). Finally, lithium metal discs were used as anode, Celgard 2400 membrane
was used as a septum and the electrolyte was 2 M lithium
bis(trifluoromethane)sulfonimide (LiTFSI) dissolved in 1,3-dioxane/1,2-
dimethoxyethane (DOL/DME, v/v = 1/1). Electrochemical measurements were
performed after an equilibration time of 3 h. At room temperature, the galvanostatic
charge/discharge measurements were performed on coin cells at various currents
in the voltage range of 1.5-3.9 V using a LAND CT2001A. The charge/discharge
specific capacity is determined based on the mass of active material in the
electrodes. Cyclic voltammograms (CV) and electrochemical impedance spectra
(EIS) were tested at the CHI604E electrochemical workstation. The cell was swept
from the open-circuit voltage (OCV) to 4.0 V and then back to 1.5 V at different
scan rates. CV was measured at scan rates of 0.6 mV s, 0.8 mV s, 1 mV s,
1.2mV st and 1.4 mV s, respectively. The direct current voltage was kept at open-
circuit voltage and an alternating current voltage of 5 mV in amplitude was applied
with a frequency of 0.1 Hz-200 kHz was used to test the EIS.
1.7 The calculation of molecular electrostatic potential

The geometric optimization and frequency calculation of DNQPA and NQ were
performed at B3LYP-D3(BJ)/6-31G(d), and the energy calculation of DNQPA and
NQ use B3LYP-D3(BJ)/6-311G(d.p)," 2 level using Gaussian 9 program package.
22 The RDG and ESP calculation were analyzed using Multiwfn program,® and the

isosurface was visualized using VMD. 4



2 Figures and Tables
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Figure S1. The FTIR spectra of the precursors, DNQPA-S and DNQPA-SF with wavenumber between (a) 3600—
1800 cm™! and (b) 1800-500 cm!.
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Figure S2. 1H nuclear magnetic resonance (NMR) spectrum of DNQPA-S.
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Figure S3. 1H nuclear magnetic resonance (NMR) spectrum of DNQPA-SF.



Figure S4. The SEM images of (a) D/G-30% and (b) D/G-80% composites. The SEM-EDS mapping of N
elemental distributions on (¢) D/G-30% composite, (d) D/G-50% and (e) D/G-80% composites.
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Figure S5. The solubility tests of (a) NQ, (b) DNQPA, (c) NQ/G, (d) D/G-30%, (¢) D/G-50% and (f) D/G-80%
electrodes after 72h (soaking in 1,2-dimethoxyethane (DME)).

0.2
0.1+ M
—_ O ===
p ”__‘44/ /
L= 0-0'
E —— //_
=—0.1
5 1st
2nd
—0.2 1 ard

15 20 25 3.0 35 4.0
Voltage (V vs.Li'/Li)

Figure S6. CV of DNQPA cathode in the range of 1.5-4.0 V and at scan rate of 3 mV s!.
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Figure S7. (a) Discharge capacity of D/G-x cathodes at a current density of 0.1 A g'. Cycling stability test of
(b) D/G-30%, (c) D/G-50% and (d) D/G-80%for 50 cycles at 0.1 A g
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Figure S8. (a) Nyquist plots of D/G and DNQPA. (b) Cycling test of DNQPA, NQ and NQ/G for 500 cycles at
1 A g''. (c) Cycling performance of graphene and (e) D/G-80% for 1000 cycles at 1 A g-'. (d) Rate
performance of Graphene.



Figure S9. (a) The images of batteries with different electrodes after cycling for 200 cycles. (b) The solubility tests
of D/G-50% electrode after 200 cycles (soaking in 1,2-dimethoxyethane (DME)).

Figure S10. The SEM images of D/G-50% electrode, (a) before test, (b) after 50 cycles and (c) after 200 cycles.



Table S1. Comparison of the reported quinone-derived organic molecules as the
cathode materials for lithium organic batteries. (S: large quinone-based molecules; G:
quinone molecules composited with carbon materials; F: quinone molecules with
multiple functional groups)
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