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Experimental Methods 
1.1 Materials and Chemicals: All drugs used in the experiments were obtained commercially without undergoing additional purification. PTCDA was purchased from Shanghai Aladdin Ltd., while AlCl3, KCl, and NaCl were procured from Shanghai Maclean Biochemical Co.
1.2 Synthesis of PA450 and PA650: Organic cathodes were fabricated by subjecting PTCDA to annealing in an inert gas atmosphere (nitrogen or argon) using a tube furnace. The annealing process was conducted at 450 °C for a duration of 3 hours, with a heating rate of 5 °C per minute. PA650 synthesis followed a similar procedure to PA450, with the exception of the annealing temperature, which was set to 650 °C.
1.3 Preparation of AlCl3/Molten Salt Electrolyte: The molten salt electrolyte was prepared in a glove box filled with inert gas to ensure an oxygen-free environment. The chosen molten salt was subjected to moderate vacuum drying to remove any residual moisture. To prepare the electrolyte, 8.133 g of AlCl3, 1.521 g of NaCl, and 0.970 g of KCl were accurately weighed and transferred into separate weighing flasks. The contents were thoroughly mixed by shaking, and the flasks were then placed in a muffle furnace placed in the glove box. The mixture was heated and melted at 160 °C for a duration of 12 hours. Once the heating process was completed, the weighing flasks were directly taken out to the muffle furnace. The resulting molten liquid was poured into a mortar and left to cool, forming a solid lump. Subsequently, the solid was ground into a fine powder. The final molten salt product was transferred to an aluminum bottle for storage.
Material Characterizations：The morphologies of the samples were investigated using field-emission scanning electron microscopy (FESEM; JEOL JSM-7100FA). Elemental analysis was conducted using energy dispersive spectroscopy (EDS). The XRD patterns were obtained using a powder X-ray diffraction system equipped with a D8 Discover X-ray diffractometer, employing Cu Kα radiation (λ=1.5418 Å). Thermal stability was assessed through thermogravimetric analysis (TGA) performed on a Netzsch STA 449C simultaneous analyzer, with heating conducted from room temperature to 800℃ in air at a rate of 10℃ per minute. Raman spectra experiments were carried out using a Horiba Jobin Yvon Lab RAM HR800 Raman spectrometer, with excitation provided by a He-Ne laser operating at 532 nm. For in-situ XRD measurements during electrochemical testing of the battery, a Bruker D8 Discover X-ray diffractometer was employed. X-ray photoelectron spectroscopy (XPS) analysis was performed using a VG Multilab 2000 instrument. The setup utilized a non-monochromated Cu Kα X-ray source, with scanning conducted over a 2θ range of 19 – 40°. To enable in-situ XRD measurements, the electrode was positioned behind an X-ray-transparent beryllium window, which also served as a current collector. During charge/discharge processes, in-situ XRD signals were acquired using a planar detector in a still mode, with each pattern taking 120 seconds to capture. Depth profiling and analysis were conducted using a Time-of-Flight Secondary Ion Mass Spectrometer (TOF-SIMS, nano TOFIII) equipped with a Bi3+ primary ion source. The measurements were performed in positive ion mode, and the etching time was consistently maintained at 10 minutes.
 Electrochemical properties：The electrochemical performance was assessed by assembling Swagelok-type cells (with O2 ≤ 0.01 ppm and H2O ≤ 0.01 ppm) within a glove box. Metallic Al (99.99%, Sinopharm Chemical Reagent Co., Ltd.) with a thickness of 200 um was used as the reference electrode. Ternary molten salts based on AlCl3 served as the electrolytes, and a GF/D microporous membrane with a diameter of 12 mm was employed as the separator. To prepare the organic cathode electrode, 70% of the synthetic active material and 20% of super P were weighed and ground in a mortar and pestle. Subsequently, 10% of PTFE dispersion was added to the material, and the mixture was further diluted and ground until it formed a bonded state. The resulting material was then pressed into a film using a roller press. The pressed film was cut and set aside, followed by drying in a vacuum oven at 70°C overnight. The loading of the active material was maintained at 1.2-2.0 mg cm-2. The molten salt cells were subjected to electrostatic charging/ discharging using a multi-channel cell test system (Neware BTS-4008-5V50mA) equipped with a constant temperature oven. The potential range employed was 0.1 to 1.8 V. Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) measurements were performed at room temperature utilizing an electrochemical workstation (CHI760E and BioLogic EC Lab Electrochemical Workstation ).
DFT calculations：The investigation focused on the adsorption of the Aluminum ion group onto PDCTA, employing first-principles density-functional theory calculations implemented in the DMol3 module of Materials Studio. The computations incorporated the Perdew-Burke-Ernzerhof (PBE) exchange-functional within the generalized gradient approximation (GGA). We utilized an all-electron double numerical atomic orbital augmented by Double Numerical plus polarization (DNP) as the basis set, with DFT semicore pseudopotentials (DSPPs) accounting for interactions between the ion core and valence electrons. Convergence criteria were established for the calculations, including a total energy convergence threshold of 10-5 Hartree, a maximum force convergence threshold of 0.002 Hartree/Å, and a maximum displacement convergence threshold of 0.005 Å. The electronic self-consistent field (SCF) tolerance was set at 10-6 Hartree. The calculations encompassed the determination of the orbital, electron density, and electrostatic potential of the system. 
Eads = Etotal – EPDCTA- EAluminum ion group
Here, Eads represents the adsorption energy of the aluminum ion cluster on the PDCTA surface. Etotal is the total energy of the aluminum ion cluster and PDCTA together, EPDCTA is the energy of PDCTA alone, and EAluminum ion group is the energy of the aluminum ion cluster alone. The adsorption energy provides insights into the stability and strength of the interaction between the aluminum ion cluster and the PDCTA surface. The Localized Orbital Locator Integrated Pi Over Plane (LOL-π) and Reduced Density Gradient (RDG) analysis methods based on Multiwfn programs.

[CCDC 196996 and 196997 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.]
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Figure S1 Thermal weight loss and DSC curve of PTCDA
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Figure S2 SEM images of PA, PA450 and PA650 samples.
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Figure S3. Schematic structure of the crystal units corresponding to the two different crystal phases of PTCDA with different viewing angles; a-c) α-phase PA450, d-f) β-phase PA
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Figure S4. Optical photographs of PA, PA450 and PA650 samples after heat treatment at different temperatures. (a) Commercial PTCDA Powder, (b) PA450, (c) PA650.
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Figure S5. Comparison of electrical conductivity and electrochemical impedance of PA, PA450 and PA650 samples. a). I-V test; b) EIS test.
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Figure S6. Comparative analysis of infrared spectra of PA, PA450 and PA650 samples.
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Figure S7. Comparison of solubility of PA, PA450 and PA650 in different electrolytes.(a) in molten salt electrolyte (b) in ionic liquid electrolyte
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Figure S8. (a) CV curves of PA450 electrode at different scan rates. (b) The corresponding plots of log(i) versus log(v) (peak current: i, scan rate: v) at the redox peaks. (c) The capacitive contributions of PA450 at different scan rates. (d) Surface capacitance percentage at 10 mV/s.
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Figure S9. Energy Density Comparison of PA450 with Ni/MH Batteries, Lithium Ion Batteries, Lithium Primary Batteries, Capacitors Lagoon Chart
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Figure S10. TOF-SIMS-based 2D distribution of different ions (Al+, Cl+, AlCl+, AlCl2+ ) under different charging and discharging states. a) Discharge to 0.1V, b) Charge to 1.8V.
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Figure S11. TOF-SIMS-based 3D distribution of different ions (AlCl4+, Al2Cl7+) under different charging and discharging states. a) Discharge to 0.1V, b) Charge to 1.8V.
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Figure S12. Analysis of the percentage content of three different ions at different depths. a) Discharge to 0.1V, b) Charge to 1.8V.
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Figure S13. One-dimensional evolution of representative potentials by in situ XRD in PA450
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Figure S14. Raman mapping information at different potentials during the first cycle of PA450.
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Figure S15. High-resolution spectrum of Al 2p during the first cycle of PA450 
charge and discharge in the XPS test
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Figure S16. Raman spectroscopy based on ternary molten salt electrolyte.
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Figure S17. Al XPS high-resolution spectra of PA450 at different potentials after 20 cycles.
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Figure S18. Structural evolution information of PA450 at different potentials after 20 cycles. (a) Ex-situ infrared spectrum, (b) Ex-Raman spectrum.
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Figure S19. TOF-SIMS test of PA450 in fully discharged state after 100 cycles. (a-b) 3D depth distribution, (a) Al+, (b) AlCl2+. (c-d) 2D intensity distribution, (c) Al+, (d) AlCl2+
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Figure S20. XPS evolution information for PA450 after 20 cycles. (a) High-resolution C 1s spectrum (b) High-resolution O1s spectrum (c) High-resolution Cl 2p spectrum.
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Figure S21. Raman and FTIR spectra of PA450 with different cycles. (a) Comparison of Raman spectra of PA450 at different cycle with the initial state. (b) Comparison of infrared spectra of PA450 at different cycles with the initial state.
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