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Experimental Procedures 
Materials
2,6-dibromoanthraquinone, bis(pinacolato)diboron, anhydrous N,N-dimethylformamide (DMF), 10-phenyl-10H-phenothiazine, N-bromosuccinimide, p-Toluenesulfonic acid monohydrate (TsOH·H2O), 1,4-dioxane, 2,7-dibromo-9,10-phenanthrenedione, tris(4-bromophenyl)amine, ethylene glycol, tris(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)amine, 1,3,6,8-tetrabromopyrene, 2,7-dibromopyrene-4,5,9,10-tetraone, 1,3,5-Tribromobenzene, [1,1’bis(diphenylphosphino)ferrocene]dichloropalladium(II) (Pd(dppf)Cl2), tetrakis-(triphenylphosphine)palladium(0) (Pd(PPh3)4), propylamine, and acetic acid were purchased from TCI, Acros, Alfa, J&K and Yanshen Technology Co., Ltd.. Potassium acetate, potassium carbonate, bromine, dichloromethane, acetic acid, ethyl acetate, petroleum ether, dichloromethane, acetone, toluene, tetrahydrofuran (THF) and methanol were purchased from Sinopharm Chemical Reagent Co. Ltd. All reagents were used as received. Aluminium chloride/1-ethyl-3-methylimidazolium chloride (EMImCl) ionic liquid (AlCl3/EMImCl=1.3) was purchased from DoDoChem. 
Synthesis
[image: ]
[bookmark: _Hlk136462826]Synthesis of 2,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9,10-anthracenedione: Under N2 atmosphere, 2,6-dibromoanthraquinone (3.66 g, 10 mmol) was added into a solution of bis(pinacolato)diboron (6.47 g, 25.5 mmol), Pd(dppf)Cl2 (0.11 g, 1.3 mmol) and potassium acetate (3.0 g, 30.5 mmol) in 1,4-dioxane (100 mL). The reaction solution was heated to 90 oC and stirred for 24 hours. After cooling to room temperature, the reaction was quenched by water (50 mL). Then, the mixture was extracted by dichloromethane for three times. The combined organic layer was dried over by MgSO4 and then evaporated to give a yellow powder. The crude product was purified by column chromatography on silica gel (petroleum ether/dichloromethane = 5:1) to give a light yellow product (yield: 64.5%). 1H NMR (400 MHz, CDCl3): δ 8.73 (s, 2H), 8.29 (d, J = 7.6 Hz, 2H), 8.19 (dd, J = 7.7, 1.1 Hz, 2H), 1.38 (d, J = 6.1 Hz, 24H).
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[bookmark: _Hlk136461104]Synthesis of 3,7-dibromo-10-(4-bromophenyl)-10H-phenothiazine: N-Bromo-succinimide (10.69 g, 60.08 mmol) was added in five times to a solution of 10-Phenyl-10H-phenothiazine (5.0 g, 18.2 mmol) in THF (100 mL) and then stirred for 6 hours at 0-5 ℃. The mixture solution was poured into ice water and then filtered. Before drying under vacuum, the obtained residue was washed with water. The collected crude product was purified by column chromatography (petroleum ether/dichloromethane = 3/1) to obtain the target product (yield: 42.6%) as a white solid. 1H-NMR (400 MHz, CDCl3) δ 7.80-7.66 (m, 2H), 7.26-7.16 (m, 2H), 7.11 (d, J = 2.3 Hz, 2H), 6.94 (dd, J = 8.8, 2.3 Hz, 2H), 6.02 (d, J = 8.8 Hz, 2H).
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Synthesis of 3,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-10-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-10H-phenothiazine: Under N2 atmosphere, the mixture of  3,7-dibromo-10-(4-bromophenyl)-10H-phenothiazine (2.56 g, 5 mmol), bis(pinacolato)diboron (4.57 g, 18 mmol), potassium acetate (3.54 g, 36 mmol) and Pd(dppf)Cl2 (0.27 g, 0.37 mmol) in dry 1,4-dioxane (50 mL) was stirred for 48 hours at 90 oC. After cooling down to room temperature, the resulting suspension was extracted three times with ethyl acetate. The organic layers were combined, washed with saturated brine, dried with anhydrous Na2SO4 and filtered. A crude product was obtained after removing all the solvent by rotary evaporation, and further purified by quick chromatography using petroleum ether /EtOAc (15:1 v/v) as eluent (yield: 67.4%). 1H NMR (400 MHz, CDCl3) δ 8.04 (d, 1H), 7.44 – 7.31 (m, 2H), 7.18 (d, 1H), 6.04 (d, 1H), 1.40 (s, 6H), 1.28 (d, 12H).
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Synthesis of PPTZ: Under the N2 atmosphere, aqueous potassium carbonate solution (2.0 M, 4 mL) was added to a solution of 3,7-dibromo-10-(4-bromophenyl)-10H-phenothiazine (1.0 mmol, 512 mg), 3,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-10-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-10H-phenothiazine (1.0 mmol, 653 mg) and tetrakis-(triphenylphosphine) palladium (0) (16 mg, 14 μmol) in DMF (20 mL). The mixture was heated to 150 oC and stirred for 48 hours. After the reaction solution was cooled to ambient temperature and filtrated, the residue was washed with deionized water, methanol, dichloromethane and THF, respectively. The obtained polymer was further purified by Soxhlet extraction with tetrahydrofuran for 48 hours. Then the polymer was dried in a vacuum for 24 hours at 80 oC to give a yellow-green powder (yield: 89.6%).
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Synthesis of the Polymer PAQ: Under the N2 atmosphere, aqueous potassium carbonate solution (2.0 M, 4 mL) was added to a solution of 2,6-dibromoanthraquinone (1.0 mmol, 366 mg), 2,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9,10-anthracenedione (1.0 mmol, 460 mg) and tetrakis-(triphenylphosphine) palladium (0) (16 mg, 14 μmol) in dimethylformamide (DMF, 20 mL). The mixture was heated to 150 oC and stirred for 48 hours. After the reaction solution was cooled to ambient temperature and filtrated, the residue was washed with deionized water and methanol, dichloromethane and THF, respectively. The resulting polymer was dried in a vacuum for 24 hours at 80 oC to give a pale yellow powder (yield: 70.6%).
[image: ]
Synthesis of the Polymer PPTZ-AQ: Under the N2 atmosphere, aqueous potassium carbonate solution (2.0 M, 4 mL) was added to a solution of 2,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9,10-anthracenedione (0.9 mmol, 414 mg), 3,7-dibromo-10-(4-bromophenyl)-10H-phenothiazine (0.6 mmol, 307.2 mg) and tetrakis-(triphenylphosphine) palladium (0) (16 mg, 14 μmol) in DMF (20 mL). The mixture was heated to 150 oC and stirred for 48 hours. After the reaction solution was cooled to ambient temperature and filtrated, the residue was washed with deionized water, methanol, dichloromethane and THF, respectively. The obtained polymer was further purified by Soxhlet extraction with tetrahydrofuran for 48 hours. The resulting polymer was dried in a vacuum for 24 hours at 80 oC to give a red powder (yield: 91%).
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Synthesis of the Polymer PBAQ: Under the N2 atmosphere, aqueous potassium carbonate solution (2.0 M, 4 mL) was added to a solution of 2,6-dibromoanthraquinone (1.5 mmol, 549 mg), benzene-1,3,5-triyltriboronic acid (1.0 mmol, 210 mg) and tetrakis-(triphenylphosphine) palladium (0) (16 mg, 14 μmol) in DMF (20 mL). The mixture was heated to 150 oC and stirred for 48 hours. After the reaction solution was cooled to ambient temperature and filtrated, the residue was washed with deionized water, methanol, dichloromethane and THF, respectively. The obtained polymer was further purified by Soxhlet extraction with tetrahydrofuran for 48 hours. Then the resulting polymer was dried in a vacuum for 24 hours at 80 oC to give a pale green powder (yield: 90.2%). 
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Synthesis of the Polymer PPy-AQ: Under the N2 atmosphere, aqueous potassium carbonate solution (2.0 M, 4 mL) was added to a solution of 1,3,6,8-tetrabromopyrene (1 mmol, 517.8 mg), 2,2',2''-(8-(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)pyrene-1,3,6-triyl)tris(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1 mmol, 708.3 mg) and tetrakis-(triphenylphosphine) palladium (0) (16 mg, 14 μmol) in DMF (20 mL). The mixture was heated to 150 oC and stirred for 48 hours. After the reaction solution was cooled to ambient temperature and filtrated, the residue was washed with deionized water, methanol, dichloromethane and THF, respectively, and then purified by Soxhlet extraction with tetrahydrofuran for 48 hours. The resulting polymer was dried in a vacuum for 24 hours at 80 oC to give a black powder (yield: 87.5%).
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Synthesis of the Polymer PTPA-AQ: Under the N2 atmosphere, aqueous potassium carbonate solution (2.0 M, 4 mL) was added to a solution of 2,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9,10-anthracenedione (0.9 mmol, 414 mg), tris(4-bromophenyl)amine (0.6 mmol, 289.2 mg) and tetrakis-(triphenylphosphine) palladium (0) (16 mg, 14 μmol) in DMF (20 mL). The mixture was heated to 150 oC and stirred for 48 hours. After the reaction solution was cooled to ambient temperature and filtrated, the residue was washed with deionized water, methanol, dichloromethane and THF, respectively. The obtained polymer was further purified by Soxhlet extraction with tetrahydrofuran for 48 hours. The resulting polymer was dried in a vacuum for 24 hours at 80 oC to give a red powder (yield: 84%).
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Synthesis of the Polymer PPy: Under the N2 atmosphere, aqueous potassium carbonate solution (2.0 M, 4 mL) was added to a solution of 1,3,6,8-tetrabromopyrene (1 mmol, 517.8 mg), 2,2',2''-(8-(4,4,5,5-tetramethyl-1,3-dioxolan-2-yl)pyrene-1,3,6-triyl)tris(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (1 mmol, 708.3 mg) and tetrakis-(triphenylphosphine) palladium (0) (16 mg, 14 μmol) in DMF (20 mL). The mixture was heated to 150 oC and stirred for 48 hours. After the reaction solution was cooled to ambient temperature and filtrated, the residue was washed with deionized water, methanol, dichloromethane and THF, respectively, and then purified by Soxhlet extraction with tetrahydrofuran for 48 hours. The resulting polymer was dried in a vacuum for 24 hours at 80 oC to give a black powder (yield: 89.5%).
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Synthesis of the Polymer PTPA: Under the N2 atmosphere, aqueous potassium carbonate solution (2.0 M, 4 mL) was added to a solution of tris(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)amine (1 mmol, 623 mg), tris(4-bromophenyl)amine (1 mmol, 482 mg) and tetrakis-(triphenylphosphine) palladium (0) (16 mg, 14 μmol) in DMF (20 mL). The mixture was heated to 150 oC and stirred for 48 hours. After the reaction solution was cooled to ambient temperature and filtrated, the residue was washed with deionized water, methanol, dichloromethane and THF, respectively. The obtained polymer was further purified by Soxhlet extraction with tetrahydrofuran for 48 hours. The resulting polymer was dried in a vacuum for 24 hours at 80 oC to give a red powder (yield: 86%).

Characterizations
The thermal stability of all the polymers was evaluated by a thermogravimetric analysis (Q1000DSC+LNCS+FACS Q600DT) with the temperature range from 20 to 800 oC under N2 atmosphere. Fourier transform infrared (FT-IR) spectra were collected on transmission on a Tensor 27 FT-IR spectrometer (Bruker). The solid state 13C CP/MAS NMR spectra were collected on a JEOL RESONRNCE ECZ 400R NMR spectrometer with a MAS frequency of 12 kHz. The morphology of the polymers was obtained by a field emission scanning electron microscope (SEM) (SU8020, Hitachi). The specific surface area and pore size distributions were analyzed by an ASAP 2420-4 (micromeritics) volumetric adsorption analyze at 77.3 K. The surface area was calculated in the relative pressure (P/Po) range from 0.05 to 0.20. The pore size distribution data was calculated by NL-DFT utilizing the adsorption branch isotherm. The sample was degassed under vacuum (10−5 bar) at 120 oC for 12 hours before N2 sorption analysis. Powder X-ray diffraction (PXRD) measurement was carried out on a X-ray diffractometer (D/Max-3c). X-ray photoelectron spectroscopy (XPS) measurement was performed on a ESCALAB Xi+ spectrometer (Thermo Fisher Scientific). The UV-vis reflection spectra were obtained on an UV-vis spectrophotometer (UV-Lambda 950, PerkinElmer, US) equipped with an integrating sphere assembly, using BaSO4 as a reflectance background. For the ex situ XPS, and EDX measurements, the cells at different states of charge were disassembled in an argon-filled glove box and then the cathodes were washed by dried tetrahydrofuran several times for removing the residual electrolytes; Afterwards, the cathodes were dried under vacuum before the measurements. In the process of transferring the cathodes into the equipment, all samples were exposed to air within 5 s. For the ex situ FTIR measurement, the cells at different states of charge were disassembled in an argon-filled glove box, and the residual electrolytes on the surface of the cathodes were carefully wiped out, without using a washing process by solvents. 
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Figure S1. The CV curves of D type (a) PTPA (b) Py, (c) TT and (d) PTZ units at 0.5 mV s-1. Since the small molecule of triphenylamine (TPA) is not redox-active in the AlCl3-based ionic liquid electrolytes, the electrochemical reaction of TPA unit was tested using the polymer poly(triphenylamine) (PTPA) synthesized through Suzuki coupling reaction as the active material in the cathode. 
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Figure S2. The CV curves of A type units (a) AQ, (b) PQ, (c) NQ, (d) PTO and (e) HATN at 0.5 mV s-1.
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Figure S3. The characterizations of PAQ, PPTZ and PPTZ-AQ. (a) FT-IR spectra. (b) Thermogravimetric analysis under N2 atmosphere. (c) Solid state 13C nuclear magnetic resonance spectra. (d) X-ray diffraction patterns.
[image: ]
Figure S4. The SEM images of PAQ, PPTZ and PPTZ-AQ.
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Figure S5. The GCD plots of PPTZ-AQ cathode containing 30 wt% conductive agent and PPTZ-AQ-811 cathode containing 10 wt% conductive agent at 0.05 A g−1. 
The specific capacities of PPTZ-AQ cathode and PPTZ-AQ-811 cathode are 205 and 196 mAh g−1, respectively. The capacity loss of 9 mAh g−1 from PPTZ-AQ cathode to PPTZ-AQ-811 cathode can be imputed to two factors: one is the decreased capacity contribution from the reduced content of carbon black; another is the weakened redox activity of the polymer due to the decreased electronic conductivity of the electrode. To get the highest value of the specific capacity (Cca) of conductive agent in the PPTZ-AQ -based cathodes, we assumed that the decreased capacity of 9 mAh g−1 just originated from the decreased capacity contribution from the reduced content of conductive agent, thus the equation of 3Cca/6 − Cca/8 =9 mAh g−1 could be built. After solving this equation, the calculated highest value of Cca is 24 mAh g−1. In this research, we use the highest value of 24 mAh g−1 as the real Cca, thus the capacity contribution from conductive agent in PPTZ-AQ cathode and PPTZ-AQ-811 cathode are 12 mAh g−1 and 3 mAh g−1, respectively.
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Figure S6. The GCD plots of PAQ and PPTZ at different currents.
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Figure S7. The structure and characterizations for PBAQ. (a) The notional polymer structure. (b) The FTIR spectrum. (c) The N2 adsorption (solid)-desorption (hollow) isotherms. (d) The PSD curves calculated by NL-DFT based on the N2 adsorption isotherm.
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Figure S8. (a) The rate performance of PBAQ. (b) The GCD profiles of PBAQ at different current rates. characterizations for PBAQ. 
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Figure S9. The voltage hysteresis between charge and discharge voltages of PAQ, PPTZ and PPTZ-AQ at different currents from 0.05 to 15 A g-1.
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Figure S10. The energy efficiency of PPTZ-AQ at 0.1 A g-1.
                 [image: ]
Figure S11. The ex situ FT-IR spectra of the PAQ cathode at different states of charge.
                 [image: ]
Figure S12. The ex situ FT-IR spectra of the PPTZ cathode at different states of charge.
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Figure S13. The ex situ XPS spectra of the PPTZ-AQ cathode at different states of charge.

[image: ]
Figure S14. The EDX data of PPTZ cathode at the charged state. 
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Figure S15. The EDX data of the PPTZ-AQ cathode at fully (a) discharged and (b) charged states.
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Figure S16. The EDX data of PAQ cathode at the discharged state.
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Figure S17. (a) The band structures of PTZ unit and its positively charged state (PTZ+) with one charge. (b) The band structures of AQ unit and its negatively charged state (AQ−) with one and two charges. (c) The band structures of a model segment [PTZ-AQ]’ and its positively charged state ([PTZ-AQ]’+) with one charge, the segment [PTZ-AQ]’ comprises one PTZ unit and one AQ unit. 
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Figure S18. The GITT response of PAQ, PPTZ and PPTZ-AQ.
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[bookmark: _Hlk141623612]Figure S19. The calculated binding energies between the ion pairs of PTZ+ with one AlCl4−, PTZ2+ with two AlCl4−, AQ− with one AlCl2+, and AQ2− with two AlCl2+ (the insets are the optimized structures for the charged building blocks with their counter ions).
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Figure S20. The electrochemical impedance spectroscopy (EIS) of the batteries adopting PAQ, PPTZ, and PPTZ-AQ cathodes at different states of charge. 
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Figure S21. (a) The GCD plots of the PPTZ-AQ cathode with different active mass loadings of 1.5 mg cm−2 at 0.05 A g−1, 13.2 mg cm−2 at 0.05 A g−1, 25.6 mg cm−2 at 0.05 A g−1, 39.4 mg cm−2 at 0.05 A g−1, 72.3 mg cm−2 at 0.03 A g−1 and 100 mg cm−2 at 0.02 A g−1. The cycling performance of the PPTZ-AQ cathode with different active mass loadings of (b) 39.4 mg cm−2 at 0.05 A g−1, (c) 72.3 mg cm−2 at 0.03 A g−1.
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Figure S22. The GCD plots of PPTZ-AQ cathode with an active mass loading of 13.1 mg cm−2.
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Figure S23. The GCD plots at different cycles of PPTZ-AQ cathode with an active mass loading of 25.6 mg cm−2 at 1.28 mA cm−2.
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Figure S24. The (a) synthetic route of PPy-AQ and its (b) FT-IR spectrum and (c) SEM image.
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Figure S25. The (a) synthetic route of PTPA-AQ and its (b) FT-IR spectrum and (c) SEM image.
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Figure S26. The (a) band structures and (b) N2 sorption isotherms of PPy-AQ and PTPA-AQ.
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Figure S27. The GCD curves of (a) PPy-AQ and (b) PTPA-AQ at different current rates. (c) The comparison of rate performance for PPTZ-AQ, PPy-AQ, and PTPA-AQ.
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Figure 28. The GITT response of (a) PPy-AQ and (b) PTPA-AQ. (c) The comparison of diffusion rates for PPTZ-AQ, PPy-AQ, and PTPA-AQ.
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Figure S28. (a) The GCD curves of the PPTZ-AQ cathode with an active mass loading of 72.3 mg cm−2 at 0.03 A g−1, the PPy-AQ cathode with an active mass loading of 49.7 mg cm−2 at 0.05 A g−1, the PTPA-AQ cathode with an active mass loading of 56.9 mg cm−2 at 0.05 A g−1. (b) The GCD curves of PTPA with an active mass loading of 57.3 mg cm−2 and PPy with an active mass loading of 48.1 mg cm−2 at 0.05 A−1.

Note 1.
  Since the chloroaluminate ions (AlCl4−, AlCl2+ etc.) typically serve as the charge carriers in organic cathodes of rechargeable aluminum batteries and the electrolyte is the only source of Cl, the dosage of electrolyte should provide enough charge carriers to fulfil the redox reactions of cathode materials. Additionally, it should be noted that the molar ratio of AlCl3 to 1-ethyl-3-methylimidazolium chloride ([EMIm]Cl) changes with the charge/discharge processes due to the consumption of AlCl3. The upper limit of the molar ratio (r) of AlCl3 to [EMIm]Cl for ionic liquid state electrolyte is around 2, and reversible Al plating on the anode surface only can be achieved when r >1. As a result, we assume that r is 2 in the initial electrolyte and it decreases to 1 after the completely charge process of all the three polymers of PPTZ, PAQ and PPTZ-AQ. For the p-type doing reaction with AlCl4− as the charge carrier, the reaction of the electrolyte is:
                                                    (1)
Therefore, the required electrolyte dosage of p-type doping reaction can be represented as below:
                          (2)
Where mep is the required electrolyte dosage (g) of p-type doping reaction with AlCl4− as the charge carrier, np is the number (mol) of the transferred electrons of the repeating unit during its p-type doping reaction, MAlCl3 is the molecular weight (g/mol) of AlCl3, M[EMIm]Cl is the molecular weight (g/mol) of [EMIm]Cl. 
For the n-type doing reaction with AlCl2+ as the charge carrier, the reaction of the electrolyte is:
                                                       (3)
Therefore, the required electrolyte dosage of n-type doping reaction can be represented as below:
                 (4)
Where men1 is the required electrolyte dosage (g) of n-type doping reaction with AlCl2+ as the charge carrier, nn1 is the number (mol) of the transferred electrons of the repeating unit during its n-type doping reaction, MAlCl3 is the molecular weight (g/mol) of AlCl3, M[EMIm]Cl is the molecular weight (g/mol) of [EMIm]Cl, MAl is the molecular weight (g/mol) of Al metal. 
For the n-type doing reaction with AlCl2+ as the charge carrier, the reaction of the electrolyte is:
                                                          (5)
Therefore, the required electrolyte dosage of n-type doping reaction can be represented as below:
                 (6)
Where men2 is the required electrolyte dosage (g) of n-type doping reaction with AlCl2+ as the charge carrier, nn2 is the number (mol) of the transferred electrons of the repeating unit during its n-type doping reaction, MAlCl3 is the molecular weight (g/mol) of AlCl3, M[EMIm]Cl is the molecular weight (g/mol) of [EMIm]Cl, MAl is the molecular weight (g/mol) of Al metal.
According to the stoichiometric ratio (1.5) of AQ to PTZ in PPTZ-AQ, the repeating unit of PPTZ-AQ contains one PTZ unit with one and half AQ units. Therefore, the redox reaction of 1 mol repeating units in PPTZ-AQ transfer 5 mol electrons that is the sum of 3 mol electrons for n-type doping reaction and 2 mol electrons for p-type doping reaction. Since mep is around 7 times higher than that of men1 and the n-type doping reaction potential of AQ units is located between the two-step p-type doping reaction potential of PTZ units, the required electrolyte dosage for the p-type doping reaction of PTZ units could cover that for the n-type doping reaction of AQ units. This indicates that the required electrolyte dosage for the redox reaction of 1 mol repeating units with 5 mol electron transfer in PPTZ-AQ is 2 mol × 551.7 g/mol = 1103.4 g. While, the required electrolyte dosage for the redox reaction of 2.5 mol repeating units with 5 mol electron transfer in PPTZ is 5 mol × 551.7 g/mol = 2758.5 g. Therefore, the theoretically required electrolyte dosage per transferred electron for fulfilling the electrochemical reactions of PPTZ-AQ is only around 40% of that of PPTZ. The required electrolyte dosage for the redox reaction of 2.5 mol repeating units with 5 mol electron transfer in PAQ is 5 mol × 284.5 g/mol = 1442.5 g. Hence, the theoretically required electrolyte dosage per transferred electron for fulfilling the electrochemical reactions of PPTZ-AQ is only around 76% of that of PAQ. 


Table S1. The comparison of electrochemical performances of PPTZ-AQ with most organic cathodes in rechargeable aluminum batteries (RABs) in recent investigations.
	Samples
	Charge
Carriers
	Specific capacity (mAh/g)
(current)
	Rate capability (mAh/g)
(current)
	Cycle number (current)
	Refs

	PPTZ-AQ
	AlCl4-AlCl2+
	205 
(0.05 A/g)
	160 
(15 A/g)
	800 (0.1 A/g)
60000 (5 A/g)
	This work

	TPB
	AlCl2(urea)2+
	180 
(0.1 A/g)
	50
(1 A/g)
	250 (0.1 A/g)
	1

	COFJLU2
	AlCl4-
	90 
(2 A/g)
	-
	30000
(5 A/g)
	2

	TCNQ
	AlCl2+
	120 
(0.2 A/g)
	100 
(0.5 A/g)
	2000
(0.5 A/g)
	3

	PAQS/MWCNTs
	AlCl2+
	165
(0.1125 A/g)
	133
(4.5 A/g)
	-
	4

	H2TPP
	AlCl2+
	101.2 
(0.1 A/g)
	74
 (0.5 A/g)
	5000 
(0.2 A/g)
	5

	poly(nitropyrene-co-pyrene)
	AlCl4-
	100 
(0.2 A/g)
	48 
(2 A/g)
	1000 
(0.2 A/g)
	6

	PyPz
	AlCl4-
	231
(0.1 A/g)
	116 
(30 A/g)
	1000 (0.2 A/g)
100000 (10 A/g)
	7

	2D Cu-based MOF@rGO
	AlCl2+
AlCl4-
	184 
(0.05 A/g)
	65
(0.5 A/g)
	1000
(0.2 A/g)
	8

	PI@CNT
	Al3+
	130 
(0.15 A/g)
	-
	100
(0.15 A/g)
	9

	PHATN
	AlCl2+
	145 
(0.05 A/g)
	-
	100
(0.05 A/g)
	10

	anthracene
	AlCl4-
	157
(0.1 A/g)
	82 
(0.5 A/g)
	800
(0.1 A/g)
	11

	PANI(H+)@SWCNTs
	AlCl2+
	200 
(1 A/g)
	75 
(40 A/g)
	8000
(10 A/g)
	12

	PyTQ-CNT
	AlCl2+
	208 
(0.2 A/g)
	85
(2 A/g)
	4000
(1 A/g)
	13

	N4
	AlCl4-
	136
(0.05 A/g)
	116
(2 A/g)
	4000
(1 A/g)
	14

	PVBPX
	AlCl4-
	133
(0.2 A/g)
	60
(10 A/g)
	50000
(5 A/g)
	15

	β-PT
	AlCl4-
	190
(2 A/g)
	127
(5 A/g)
	100000
(10 A/g)
	16

	MXene@BDTO
	Al3+
	229.8
(0.5 A/g)
	-
	500
(0.5 A/g)
	17

	TpBpy-COF
	AlCl4-
	307
(0.1 A/g)
	113
(5 A/g)
	3000
(2 A/g)
	18

	PAQS/MWCNT
	AlCl2+
	160
(0.5 C)
	130
(10 C)
	500
(0.5 C)
	19

	X-PVMPT
	AlCl4-
	167
(0.5 C)
	64
(100 C)
	5000
(10 C)
	20

	PANI/OMC
	AlCl4-
	140 
(0.1 A/g)
	118
(2 A/g)
	5000
(1 A/g))
	21

	AQ
	Al3+
	215
(0.1 A/g)
	166
(0.5 A/g)
	200
(0.1 A/g)
	22

	TPBQ
	AlCl2+
	177
(0.02 A/g)
	122
(1 A/g)
	3000
(1 A/g)
	23

	PI/MOFs
	AlCl2+
	83
(1 A/g)
	40
(10 A/g)
	1800
(1 A/g)
	24

	PQ-Δ-HY
	AlCl2+
AlCl4-
	130
(0.1 A/g)
	92
(2 A/g)
	500
(0.2 A/g)
	25

	G-PANI-8
	AlCl4-
	180
(1 A/g)
	155
(2 A/g)
	4000
(1 A/g)
	26

	TDK
	AlCl2+
	185
(0.1 A/g)
	66
(2 A/g)
	8000
(1 A/g)
	27

	PTh/MWCNT
	AlCl4-
	216
(0.0325 A/g)
	-
	300
(0.13 A/g)
	28

	PTCDA-SP
	Al3+
	110 
(0.1 A/g)
	72
(1000 A/g)
	1200
(0.1 A/g)
	29

	PNA
	AlCl2+
	178.2
(0.05 A/g)
	31.5
(10 A/g)
	10000
(2 A/g)
	30

	PTh/G
	AlCl4-
	152.5
(0.5 A/g)
	113.5
(1 A/g)
	500
(5 A/g)
	31

	PPP
	AlCl4-
AlCl2+
	92
(0.1 A/g)
	70
(10 A/g)
	30000
(10 A/g)
	32

	PTh@GO
	AlCl4-
	130
(1 A/g)
	86
(5 A/g)
	4000
(1 A/g)
	33





Table S2. The comparison of electrochemical performances between PPTZ-AQ and the reported organic cathodes with high active mass loadings in rechargeable aluminum batteries. 
	Samples
	Mass Loading (mg/cm2)/Areal capacity (mAh/cm2)
	Areal capacity (mAh/cm2)/Cylcle number
	Refs

	PPTZ-AQ
	72.3/14.24
100/17.20
	5.1/580
	This work

	PyPz
	7.5/1.40
28.7/4.56
	2.4/2000
	7

	N4
	6/0.77
12.9/1.61
	0.768/50
1.61/50
	14

	AQ
	12-16/2.58~3.44
	2.58-3.44/200
	22

	TBPQ
	5/0.71
9/1.09
	0.71/200
1.09/200
	23

	PQ-Δ-HY
	9/0.99
	0.99/100
	25

	PPP
	4/0.31
8/0.58
	0.31/200
0.58/200
	32
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