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Experimental section
Materials preparation: The following materials are commercially available: BQ (Sigma-Aldrich), 2ClAQ (Sigma-Aldrich), H2SO4 (Macklin), and CDD (created defective-deficiency) carbon cloth (Taobao). Polyvinylidene fluoride (PVDF) was purchased from Guangdong Canrd New Energy Technology Co Ltd. Ethylene glycol (≥ 99.5 %, Ar) was purchased from Sinopharm Chemical Reagent Co Ltd. All of the reagents were used directly without further purification. 
PANI synthesis: One dissolves 0.5 mL of aniline in 500 mL of 1 M sulfuric acid (The solubility of PANI in NMP is 0.25 grams per milliliter). Stir the mixture for 5 minutes. Subsequently, slowly add 3 g of ammonium persulfate. Then, stir the resulting solution for 6 hours. After that, filtration is carried out to obtain the residue. Wash the precipitate six times. Finally, dry the washed precipitate at 60 degrees Celsius overnight (The materials do not undergo separate precipitation). The conductive PANI was obtained.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK1]Electrode Preparation: The P-BQ-50% electrode was synthesized as follows: First of all, disperse pure BQ (99.98%) powder and PANI and acetylene black and PVDF with the mass ratio of 4:4:1:1 (total mass 0.1g) into 0.125 mL of organic solvent, N-Methylpyrrolidone (NMP), to form a slurry. Specifically, in our experiments, the solid-liquid ratio of the materials was determined to be 1:1.25. Then, grind the slurry continuously in a mortar for 10 min until the dispersion is uniform. Later, the slurry was dried on Ti foil with an oven temperature of 50 °C for 6 h for further battery research. The P-BQ-0%, P-BQ-25%, P-BQ-50%, P-BQ-75%, and P-BQ-100% were obtained via the same process by changing the proportion of PANI and BQ. The P-2ClAQ electrodes are obtained via the same approach. The addition of PANI to 2ClAQ is 50%.
Material Characterizations: The in-situ X-ray diffraction (XRD) patterns were probed using a D8 Discover X-ray diffractometer with a monochromator Cu source Kα X-ray (λ = 1.5406 Å) and D2 phase. The pair distribution function (PDF) was tested using a D8 Advance X-ray diffractometer with a monochromator Ag source Kα X-ray (λ = 0.56 Å). GASA and Jade's software were used to perform XRD analysis. SEM and EDS mapping were taken via a JEOL JSM-7100F at 20 kV (voltage). TEM images were collected with a JEM-2100F and a Thermo Fischer Titan G2 60-300 microscope. Nuclear magnetic resonance (NMR) (Bruker 400 MHz, DMSO−d6) was used to analyze the structure of the samples. X-ray photoelectron spectroscopy (XPS) was introduced to evaluate the valence of elements (Type: VG MultiLab 2000). FTIR was conducted on a Thermo Nicolet Nexus instrument. The Raman spectra were probed with 532 nm laser resources by Horiba LabRAM HR Evolution.
[bookmark: _GoBack]Electrochemical characterization: The electrochemical performance was evaluated using Swagelok cells, coin cells, and pouch cells. The electrolyte used in the experiment has a concentration of 1 molar (1M) sulfuric acid (H2SO4). The potassium sulfate in the reference electrode solution is replaced by sulfuric acid, and the voltage difference between the two reference electrodes below ±5 mV is reliable. The Swagelok cell was employed to facilitate the proximity between the current collector and the cell's assembly. The conventional electrode utilized in the three-electrode cell features a significant separation between the electrodes. This spatial arrangement leads to an elevated level of polarization in the electrode, hence introducing greater uncertainty in the electrochemical testing of batteries. The three-electrode cell configuration involves the utilization of the electrode material as the working electrode, while the CDD carbon cloth is employed as the counter electrode. The mercury sulfate electrode (MSE) functions as a reference electrode. In both the coin cell and pouch cell configurations, the anode material utilized is P-2ClAQ (2-Chloroanthraquinone), while the cathode material employed is P-BQ. It is noteworthy that the N/P ratio of the full cell is 1.27 based on the capacity of both the anode and the cathode. In the in-situ X-ray diffraction (XRD) experiment, the working electrode utilized is P-BQ, whereas the counter electrode employed is P-2ClAQ. The mass per unit area of the electrode materials that were put onto the current collector ranged from approximately 2 to 4 mg cm-2. The electrochemical characteristics were evaluated using the LAND CT3002A Biologic VMP1 and Biologic VMP2 instruments.
Theoretical Calculations: The density functional theory (DFT) method of the Dmol3 module in Materials Studio 2020 was used with the Hybrid-B3LYP functional, custom Grimme DFT-D parameters, and DNP 3.5 basis set in the same software. The GGA with the PBE exchange-correlation energy (Perdew, Burke, and Ernzerhof) was employed. The convergence of energy, forces, and maximum displacement was set to 1×10−5 Ha, 0.002 Ha/Å and 5.0 × 10−3 Å, respectively.
Calculation formula：
The binding energy (EB) of the ion group is defined by the following equation.
EB = ETotal – E1 – E2
Where ETotal is the total energy of the molecule-composite, E1 and E2 are the energies of molecule-1 and molecule-2, respectively.
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[bookmark: OLE_LINK101][bookmark: OLE_LINK102]Figure S1. DFT calculation of BQ spatial configuration concerning the interaction between BQ and PANI in the P-BQ framework. (a) The relationship between the C=O and N-H groups. (b) The relationship between the C=O and C-H groups. (c, d) The electronic density states of BQ and P-BQ.
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Figure S2. The 1H NMR spectra of P-BQ-0%, P-BQ-25%, P-BQ-50%, P-BQ-75%, P-BQ-100%.
[image: E:\PHD-Statistic\博士生材料\Cmplishment\paper\2023-质子软包电池\数据-SI\PDF全谱图\PDF-全谱.png]
Figure S3. PDF full spectra of P-BQ-0%, P-BQ-25%, P-BQ-50%, P-BQ-75%, P-BQ-100%.
[image: E:\PHD-Statistic\博士生材料\Cmplishment\paper\2023-质子软包电池\数据-SI\7键长\拉伸分子示意图.png]
Figure S4. Schematic illustration of pristine BQ (a) and stretched BQ (b) calculated via DFT.
[image: E:\PHD-Statistic\博士生材料\Cmplishment\paper\2023-质子软包电池\数据-SI\8XPS全谱图\画图\XPS全谱汇总.png]
Figure S5. (a-e) XPS full spectra of P-BQ-0%, P-BQ-25%, P-BQ-50%, P-BQ-75%, P-BQ-100%.
[image: C:\Users\PC\Desktop\堆叠示意图.png]
Figure S6. Schematic illustration of π-π stacking.
[image: E:\PHD-Statistic\博士生材料\Cmplishment\paper\2023-质子软包电池\论文拼图\素材\2-SEM.png]
[bookmark: OLE_LINK25]Figure S7. Investigating the influence of hydrogen bonding coupling on the configuration of P-BQ through morphological structure. (a, b) SEM images of P-BQ-0%, P-BQ-25%, P-BQ-50%, P-BQ-75%, and P-BQ-100% samples and (c) optical microscope images thereof. 
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[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Figure S8. (a) XRD spectra and (b) Raman spectra of P-BQ-0%, P-BQ-25%, P-BQ-50%, P-BQ-75%, P-BQ-100%.
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Figure S9. (a, b, c) Crystal structure of HBQ in a, b, and c directions with the ball-and-stick model.
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Figure S10. Partial reaction bulk structure of the BQ particle.
[image: E:\PHD-Statistic\博士生材料\Cmplishment\paper\2023-质子软包电池\数据-SI\Swagelok cell\swagelok-cell安装示意图.png]
Figure S11. Assembling orders of the Swagelok cell.
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Figure S12. (a) Digital photo of the traditional three-electrode cell. (b) Digital photo of Swagelok cell. (c) Comparison of the electrochemical polarization for the Swagelok cell and the three-electrode cell via CV curves.
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Figure S13. Schematic illustration of the BQ reaction during charge and discharge.
[image: E:\PHD-Statistic\博士生材料\Cmplishment\paper\2023-质子软包电池\manuscript\回稿\论文回稿\循环后XRD\循环前后图.png]
Figure S14. The XRD pattern of P-BQ-50% with the pristine sample and the cycled sample.
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Figure S15. XRD spectrum of 2ClAQ.
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Figure S16. Raman spectrum of 2ClAQ.
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Figure S17. FTIR spectrum of 2ClAQ.
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Figure S18. (a) CV curves of P-2ClAQ. (b) GCD curve of P-2ClAQ at 500 mA g-1.
[image: ]
Figure S19. Comparison of the energy density for current pouch cells in PBs.


Table S1. Comparison of electrochemical performance for current pouch cells in PBs.
	Cathode
	Anode 
	Capacity scale
(mAh)
	Energy density
(Wh kg-1)
	Ref 

	P-BQ
	P-1ClAQ
	264
	90
	This work

	H-TBA
(Cu[Fe(CN)6]0.63∙▫0.37∙3.4H2O)
	MoO3
	
	50
	[1]

	 H-TBA
(Cu[Fe(CN)6]0.63∙▫0.37∙3.4H2O)
	MoO3
	
	36

	[2]

	pre-protonated vanadium hexacyanoferrate (H-VHCF)
	MoO3
	
	33

	[3]

	 H-TBA
(Cu[Fe(CN)6]2/3∙3.4H2O)
	MoO3
	0.72
	40
	[4]

	Quinone TCBQ and BQ
	H2
	12
	35
	[5]

	Ni-PBA 
	MoO3
	
	48
	[6]
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