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Experimental section

Chemicals:

Commercially available zinc and copper foils, as well as carbon sheets, were purchased from
Merck and Redox Kala, respectively. All reagents, including zinc sulfate heptahydrate
(ZnS0O47TH,0, 99.0%), hydrochloric acid (HCIL, 37.0% w/w), aniline (C¢Hs;NH,, 99.5%),
ammonium persulfate ((NH4),S,0s5, 98.0%), ethanol (C,HsOH, 99.8%), 1,2-dichloroethane
(C,H4Cl,, 99.0%), cobalt sulfate heptahydrate (CoSO4-7H,0, 99.0%), copper sulfate hexahydrate
(CuS0O4-6H,0O, 99.0%), trisodium citrate dihydrate (Na;CgHsO;-2H,O, 99.0%), potassium
ferricyanide (K3[Fe (CN)s], 99.0%), and chlorosulfonic acid (HSO5Cl, 99.0 %) were also obtained
from Merck and used without further purification. Deionized (DI) water was used throughout the

experiment, which was supplied from the Zolalan water purification system.

Material Characterization

Field emission scanning electron microscopy (FE-SEM) images were acquired using a TESCAN
(MIRA 3 LMU) microscope. Thermal gravimetric analysis (TGA) curves were measured on an
SDT Q600 V20.9 instrument in the range of 25-800 °C. X-ray diffraction (XRD) patterns were
obtained with a Philips PW1730 diffractometer. Fourier-transform infrared (FTIR) spectra were
measured on a Perkin-Elmer instrument in the range of 500-4000 cm!. Atomic force microscopy
(AFM) images were obtained using a VEECO CP-II microscope operated in non-contact-mode.

Water contact angle (WCA) measurements were conducted using a CAG-20 contact angle meter.

Electrochemical Measurements

Electrochemical performance of zinc-based cells, encompassing Zn||Zn symmetrical cells, Zn||Cu
half cells, and Zn||PBA full cells, was evaluated using a pouch-type cell. Long-term cycling and
rate capability tests were conducted on an Atom Lab (Ataei Company, Isfahan, Iran). The Zn||Zn
symmetrical cells were assembled with either untreated Zn foil or BC/S-PANI@BC@Zn
composite electrodes as both anode and cathode, paired with a 1 M ZnSO, aqueous electrolyte and
a Whatman filtration paper separator. For Zn||Cu half cells, the cathode was substituted with Cu
foil, while retaining the 1 M ZnSO, electrolyte and filtration paper separator. Zn|[PBA full cells

were constructed with a synthesized PBA cathode, a filtration paper separator, an electrolyte of 1
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M ZnSO,, and either bare Zn or BC/S-PANI@BC@Zn as the anode. Electrochemical
characterizations, including cyclic voltammetry (CV), electrochemical impedance spectroscopy
(EIS), and linear scanning voltammetry (LSV), were performed using an AutoLab 204 instrument.
EIS measurements spanned a frequency range of 107 to 102 Hz with an AC perturbation
amplitude of 5 mV to assess impedance properties. Tafel polarization experiments were conducted
in a three-electrode configuration, utilizing untreated Zn or BC/S-PANI@BC@Zn as the working
electrode, a platinum foil counter electrode, and an Ag/AgCl reference electrode to investigate the

electrochemical kinetics and corrosion characteristics.



Table S1. The xyz coordinates of the optimized structure for DFT calculation.
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Figure S1. Schematic illustration of the synthesis procedure of PBA
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Figure S2. EIS curves of untreated Zn, BC@Zn, and S-PANI@BC@Zn after cycling stability.
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Calculation of Texture Coefficient (TC) from XRD Data

We have carried out a quantitative analysis of the XRD data by calculating the RTC values for the
major diffraction planes, including (002), (101), and (100). The TC values were obtained using the

standard formula:

I(hkL)/1,(hk)

TC(hkD) =
;ZI(hkl) /1,(hkl)

where I(hkDand fo("kDrepresent the measured and standard intensity values, respectively. Based
on the major Zn diffraction peaks ((002), (100), (101), (102), and (103)), the calculated RTC values
reveal a distinct reconfiguration of the Zn growth orientation after surface modification. For the
bare Zn electrode, the RTC values are calculated to be RTC (002) = 0.68, RTC (100) = 0.90, RTC
(101)=0.75,RTC (102) = 1.45, and RTC (103) = 1.24, indicating that the pristine Zn surface does
not favor basal-plane deposition and instead exhibits relatively disordered crystal growth. In
contrast, after introducing the S-PANI@BC interlayer, the crystallographic orientation undergoes
a pronounced transition. The calculated RTC values become RTC (002) = 1.31, RTC (100) = 0.81,
RTC (101) =0.32, RTC (102) = 1.45, and RTC (103) = 1.12.
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Table S2. Fitted parameters obtained from EIS analysis and equivalent circuit modeling of the

different full batteries: a) untreated Zn||PBA, b) BC@Zn||PBA, and c¢) S-PANI@BC@Zn||PBA.

Rs CPE1
>
a & i
WD
Element Freedom Value Error Error %
Rs Free(+) 4. 41 0.42212 9 5719
CPE1-T Free(+) 0.00066127 4 9462E-05 7.4798
CPE1-P Free(+) 0.39192 0.0080928 2.0649
Rct Free(+) 3147 37.802 12.012
Wo-R Free(+) 7592 91.564 12.061
Wo-T Free(+) 38.16 12.484 32 TAS
Wo-P Free(+) 0.31004 0.034676 11.184
Chi-Squared: 0.0001003
Weighted Sum of Squares: 0.0031093
Rs CPE1
>
b Rct Wo
Element Freedom Value Emor Emor %
Rs Free(+) 13.65 0.20341 1.4902
CPE1-T Free(+) 6.4373E-05 3.1084E-06 4.8287
CPE1-P Free(+) 0.70837 0.0060011 0. 84717
Rct Free(+) 277.4 6. 7006 2.4155
Wo-R Free(+) 507.5 128 66 25.352
Wo-T Free(+) 2562 16.899 65.96
Wo-P Free(+) 0.42317 0.027 6.3804
Chi-Squared: 0.0006815
Weighted Sum of Squares: 0.021127
Rs CPE1
>
Rct Wo
C -
Element Freedom Value Error Enmor %
Rs Free(+) T7.776 0.12603 1.6208
CPE1-T Free(+) 0.00024829 1.3627E-05 5.4883
CPE1-P Free(+) 0.61817 0.006652 1.0761
Rct Free(+) 148.3 6.484 4.3722
Wo-R Free(+) 1314 1.513E05 11514
Wo-T Free(+) 426 1.3E05 30516
Wo-P Free(+) 0.37709 0.021424 5 6814
Chi-Squared: 0.00038625
Weighted Sum of Squares: 0.011974
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Figure S7. Nyquist plot of various full batteries before and after long-term cycle life examination. (a)
untreated Zn||PBA, (b) BC@Zn|[PBA, and (c) S-PANI@BC@Zn||PBA.
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Figure S8. Evaluation of full cell ability in lighting up a blue light-emitting diode. (a) before and (b) after
5000 charge/discharge cycles.
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Figure S9. XRD pattern of PBA.
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Figure S10. FE-SEM images of electroactive PBA after 5000 cycles
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