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Experimental Section
Materials preparation:

The MnFe_PBA materials were prepared using the cryo-synthesis method.

MnFe_PBA _RT w/o EG: About 5 mmol potassium ferrocyanide trihydrate (K;Fe(CN)g 3H,0)
was added to 50 ml of deionized water. Then, 5 mmol of manganese (Il) sulfate monohydrate
(MnSQO,4 H,0) and 5 mmol of potassium citrate were dissolved in 50 ml of deionized water.
Next, the MnSQO, and the K4;Fe(CN)g solutions were slowly added to the 50 ml of deionized
water and stirred at room temperature. After stirring, the mixed solution was aged for 24 hours
at room temperature. A white precipitate was obtained by centrifugation, which was cleaned
thrice with deionized water and alcohol to remove impurities. Finally, the cathode material
needed for the experiments was obtained by vacuum drying at 80<C.

MnFe PBA RT w EG: About 5 mmol potassium ferrocyanide trihydrate (K4;Fe(CN)s 3H,0)
was added to 50 ml of deionized water and 10 ml of EG. Then, 5 mmol of manganese (1)
sulfate monohydrate (MnSO,4 H,0) and 5 mmol of potassium citrate were dissolved in 50 ml of
deionized water and 10 ml of EG. Next, the MnSQO, solution and the K4Fe(CN)g solution were
slowly added to the 50 ml of deionized water and 10 ml of EG with stirring at room temperature.
After stirring, the mixed solution was aged 24 hours at room temperature. A white precipitate
was obtained by centrifugation, which was cleaned thrice with deionized water and alcohol to
remove impurities. Finally, the cathode material needed for the experiment was obtained by
vacuum drying at 80<C.

MnFe_PBA _Cryo —10°C: The solutions were prepared as in MnFe_PBA_RT w EG's, but the
prepared solutions were kept at =10 C for 4 h. Next, the MnSQO, solution and the K;Fe(CN)g
solution were slowly added to 50 ml of deionized water and 10 ml of EG with stirring at —10°C.

After stirring, the mixed solution was aged 24 hours at room temperature. A white precipitate



was obtained by centrifugation, which was cleaned thrice with deionized water and alcohol to
remove impurities. Finally, the cathode material needed for the experiment was obtained by
vacuum drying at 80<C.

The 3,4,9,10-Perylenetetracarboxylic diimide (PTCDI) material was purchased from
Sigma-Aldrich.

Electrode preparation:

The cathode slurry was prepared by mixing the active materials with Super P and polyvinylidene
difluoride (PVDF) in N-Methylpyrrolidone (NMP) at a mass ratio of 7:2:1. Then the slurry was
coated on carbon cloth and dried at 80C for 12 hours. The counter electrode slurry was
prepared by mixing the activated carbon (AC) and PVDF in NMP at a weight ratio of 9:1. Then,
the slurry was coated on a carbon cloth and dried at 80<C for 12 hours. The anode slurry was
prepared by mixing the PTCDI with Super P and PVDF in NMP at a mass ratio of 7:2:1. Then,
the slurry was coated on carbon cloth and dried at 80<C for 12 hours.

Electrolyte preparation:

21m KFSI in water was used as the electrolyte in all half and full cells.

Electrochemical measurements:

Three-electrode cells with Ag/AgCl electrode as reference electrode were assembled in air for
electrochemical measurements. Two-electrode coin cells (CR-2032) with glass fiber (Whatman)
as the separator were assembled in air for electrochemical measurements. The full battery was
assembled in coin and pouch-cell formats. The full cells were assembled using a PTCDI anode,
glass fiber separator, and PBA cathode, and the charge-discharge voltage range was 0-1.25 V at
room temperature. These galvanostatic charge-discharge, CV, and GITT tests were performed

on a multichannel battery testing system NEWARE (CT-4008) and Land (CT2001A (China).



EIS tests were carried out using electrochemical workstations (Admiral, Prime 1622, and Prime
plus 1705). The EIS spectra of activation energy and in situ EIS spectra were collected in the
0.01 Hz-100000 Hz frequency range, and the corresponding resistances were obtained by fitting
an equivalent circuit on the Zahner analysis application.

Materials characterization:

The SEM (Hitachi S-4800) and TEM (JEOL JEM-2100F) experiments were used to observe the
morphology and the particle size distribution of MnFe_PBA_RT w/o EG, MnFe_PBA RT w
EG and MnFe_PBA _Cryo -10°C. XPS (Kratos Axis Supra, take-off angle: 45°) and XRD
(Bruker D8 Advanced, Cu K,) characterized the structural properties, crystallization degree, and
phase compositions.

COMSOLMultiphysics simulation:

The COMSOL Multiphysics 5.6 Finite Element Simulation was used to simulate concentration
distribution. These particles were generated using the MATLAB program, and the images
generated by MATLAB were recognized by COMSOL and imported into geometry to form the
entire computing domain. Calculated using the COMSOL Multiphysics 5.6 Finite Element
Simulation, the current module in the built-in AC/DC module of COMSOL is used for
calculation concentration on the boundary, the boundary flow, and the rest of the boundary is no
flux boundary. The rate of diffusion is displayed by using concentration difference. The model

size is selected as 1100 X 1100 nm.
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Figure S1 (A) Photographs of solutions with only water as a solvent (left) and addition EG
(right). (B) DSC measurement for solutions with added EG (EG:H,0=1:5 volume ratio) as a
solvent.

For testing at a low temperature of —10°C, the solution with the addition of EG
(EG:H,0=1:5 volume ratio) still remained liquid. DSC measurement shows the freezing point of
the solution with added EG is lower than —10<C, indicating that the improved solution can work

properly at —10<C.
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Figure S2 Thermogravimetric analysis (TGA) for the three materials used in this study.

(MnFe_PBA_Cryo —10°C, MnFe_PBA_RT w EG and MnFe_PBA_RT w/o EG)
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Figure S3 XPS analysis of the MnFe_PBA Cryo -107C.
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Figure S4 The TEM-energy dispersive spectroscopy (EDS) maps for elemental K, Fe, and Mn
in MnFe_PBA_Cryo -10°C.
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Figure S5 COMSOL simulations of the electrolyte concentration distribution at different
moments (0 ms to 2 ms) for electrodes with nonuniform (upper) and uniform (lower) PBA

particles.



Figure S6 Equivalent circuit used to fit the impedance spectrum of the MnFe_PBA_Cryo -10°C
|| active carbon half cells.



Table S1 ICP-MS result of MnFe PBA Cryo —10C, MnFe PBA RT w EG

MnFe_PBA_RT w/o EG

and

Cryo_-10C RTwEG RT w/o EG
Weight of sample 0.0702¢ 0.8048 g 0.0898 g
Content of 18.37% 19.45% 19.90%
K element
Content of 13.70% 14.00% 14.43%
Fe element
Content of 15.18% 14.81% 15.70%

Mn element




Table S2 Performance comparison of aqueous batteries using PBASs as cathode
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