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Figure S1. (a) Chemical structures; and (b) 'H-NMR spectra of PBA and PBAPip-n-Br

membranes (n =3, 5, and 6).
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Figure S2. Viscosity of PBAPip-6-Br solution at different concentrations.
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The intrinsic viscosity ([n]) of PBAPip-6-Br was determined using an Ubbelohde
viscometer. The sample was dissolved in DMSO to obtain a homogeneous solution at different
concentrations (c), and the efflux time (t.) of each solution was recorded at 25 °C. The reduced

(Nreq) and inherent (n;,,) viscosities can be calculated using the following equations:
MNred = (tc/tO - 1)/0 (S'l)
Ninn = (Inte/to)/c (S-2)

Here, t, is the efflux time for a DMSO solvent. In a plot of viscosity versus concentration,
the intrinsic viscosity [n] was the y-intercept value obtained by extrapolating the 1,q and 1, to ¢

=0.

The M, of PBAPip-6-Br was calculated by equation S-3:

] =k Mo (S-3)

Here, k= 0.03 and a = 0.75 are assumed for PBAPip-6-Br and DMSO combination.
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Figure S3. Arrhenius plots of the AEMs with different side chain lengths at various temperatures.
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Figure S4. (a-b) Two- and three-dimensional AFM images of PBAPip-n-OH (n = 3, 5, and 6)

membranes and (c-d) cross-sectional and surface SEM images of PBAPip-6-OH membrane.
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Figure S5. (a) Hydroxide conductivity of PBAPip-6-OH membrane before and after immersion in
different KOH concentrations at 60 °C for 1008 h; (b) 'H-NMR spectra of PBAPip-6-OH
membrane before and after immersing in 5 M KOH solution at 60 °C for 1008 h; (c) visual images;
and (d) the mechanical properties of PBAPip-6-OH membrane after soaking with different KOH

concentrations for at 60 °C for 1008 h.
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Figure S6. (a) Hydroxide ion conductivity; (b) swelling ratio; (c) water uptake; and (d) mechanical

properties of PBAPip-n-Br membranes (n =7, §, and 9).
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Figure S7. Preparation of anion exchange membranes, MEA, and the water electrolysis cell.
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Figure S8. Long-term stability test of the PBAPip-6-OH-based AEMWE cell during 500 h.
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Figure S9. (a) Polarization curves at different KOH solution concentrations and (b) long-term

stability test during 250 h at 1 A cm of PBAPip-6-OH membrane.
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Figure S10. (a) Nyquist plot; and (b) HFR of AEMWE cells using PBAPip-6-OH membrane at

various KOH concentrations.
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Table S1: The degree of alkyl chain grafting and the quaternization level of N-methylpiperidine.

I, I, I, N, n,
PBAPip-3-Br 2.10 2.19 2.26 96% 97%
PBAPip-5-Br 2.32 2.41 2.55 95% 95%
PBAPip-6-Br 227 2.35 2.37 96% 97%

I
Here, H6, Ia, and IP are the intensity of the proton signals of the Hy, alkyl side chain, and

piperidium functional groups, respectively. Besides, Mg and "q are the degree of alkyl chain

grafting and the quaternization level of N-methylpiperidine, respectively.
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Table S2: Mechanical properties of the prepared AEMs at the dry states.

Samples Tensile strength  Elongation at break Young's modulus
(MPa) (%) (GPa)
PBAPip-3-OH 525+1.0 21.5+04 1.18+0.0045
PBAPip-5-OH 60.1 £0.2 22.6+0.7 1.00+0.0037
PBAPip-6-OH 67.5+0.6 23.1+0.3 0.96+0.0021
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Table S3: The high-frequency resistance (HFR) and OH- conductivity of the prepared membranes.

Concentration HFR (Q cm?) 6 (mS cm™)
0.1 M KOH 0.025 27.5
0.5 M KOH 0.017 39.3
1.0 M KOH 0.011 65.1

Here, the high-frequency resistance (HFR) of the anion exchange membranes can be determined

using the following formula:

HFR (Q cm?) =
oXA

(5-4)

Where L is the thickness (cm), o is the hydroxide conductivity, and A is the effective area (cm?)

of the prepared membranes.

S15



Table S4: Comparison of cell performance between AEM fabricated in this study and other

recently reported.

Membrane type Anode Cathode Temp. Feed Current Year Ref.

density

O

(A cm™)
PPO-ABCO Ni foam Ni foam 50 pure water  0.15 2014 [1,2]
Fumatech FAPQ NiFe,O4 NiFeCo 60 IMKOH 03 2017 [3]
PSF-ABCO Ni/CP Pt-Ni/CP 50 pure water  0.375 2017 [2]
PPO-TMA Ni foam Ni foam 50 pure water 0.6 2014 [1,2]
PSF-1M Ni/CP Pt-Ni/CP 50 pure water 0.6 2017 [2]
Aemion NiFe,04 NiFeCo 60 IMKOH 0.63 2021 [4] 21
PSF-TMA Ni/CP Pt-Ni/CP 50 pure water  0.63 2017  [2]51
FAA-3-50 d-NizFe, Pt/C 60 1MKOH 0.75 2023 [4,5,6]
A-201 NiFe,O4 NiFeCo 60 IMKOH 0.92 2021 [4]
PiperlON d-NizFe, Pt/C 50 IMKOH 13 2023 [7]
Fumatech FAS-50 d-NizFe, Pt/C 60 IMKOH 1.35 2023 [3]
AF1-HNN8-50-X Ir black Pt/C 50 IMKOH 1.75 2020 [4]
FAA-3-PE-30 Ir black Pt/C 50 IMKOH 1.8 2019 [4]
FAA-3-PK-130 Cep,MnFe; 304 Ni 50 IMKOH 1.85 2019 [4]
Sustainion d-NizFe, Pt/C 50 IMKOH 22 2023 [3.4]
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