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Scheme S1 Synthesis of tert-butyl-4-(iodomethyl)piperidine- 1 -carboxylate.
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Fig. S1 'H and 13C NMR spectra of tert-butyl 4-(iodomethyl)piperidine-1-carboxylate.
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Scheme S2 Synthesis of 4,4’-((9H-fluorene-9,9-diyl)bis(methylene))bis(piperidin-1-

tum)trifluoroacetate (DPF).
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Fig. S2 (a 'H, (b) BC, and (¢) F NMR spectra of 4,4'-((9H-fluorene-9,9-
diyl)bis(methylene))bis(piperidin-1-ium)trifluoroacetate (DPF).
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Fig. S3 (a) 'H and (b) '°F NMR spectra of protonated BPh-Pip copolymer.
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Fig. S4 (a)'H and (b) '°F NMR spectra of mTPh-Pip copolymer.
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Fig. S5 GPC profiles of QBPh-Pip copolymers.
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Fig. S6 (a) 'H and (b) '°F NMR spectra of QmTPh-Pip copolymer (target IEC = 2.0 mequiv.
gh.

IEC,; = 0.80 mequiv. g1 IEC;;; = 1.60 mequiv. g1 |IECy; = 1.90 mequiv. g  IEC ,;, = 2.43 mequiv. g1

Fig. S7 (a,b,c) Photos of dry QBPh-Pip membranes with different IECs. (d) after contact with

water drops at room temperature.
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Fig. S8 Photos of cracked QmTPh-Pip membranes.
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Fig. S9 Molecular volume of the hydrophilic and hydrophobic components of QBPh-Pip
estimated from DFT calculations using Dmol® software.
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Fig. S10 Number of water molecules per ammonium group (1) at 30 °C of QBPh-Pip and 4-
QPPAF-TMA [adapted from ref 1] as a function of IEC.
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Hydroxide ion conductivity of QBPh-Pip and some other reported AEMs as a

function of number of water molecules per ammonium group (1) at 30 °C.
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Fig. S12 Hydroxide ion conductivity of QBPh-Pip and 4-QPPAF-TMA membranes (adapted
from ref. [1]) at 30 °C as a function of the normalized ion diffusion coefficient (D/Dy).

Table S1 Properties of post-test QBPh-Pip membranes.

IEC;2 Post-test Post-test Initial Remaining

(mequiv. g'!) | IECymr? IECy; conductivity | conductivity
(mequiv. g!) | (mequiv. g!) | (mS cm) (mS cm!)

0.80 0.68 0.54 16.70 10.40

1.60 1.47 1.43 140.00 120.00

1.90 1.80 1.78 160.00 146.00

a) Estimated from Mohr titration method. b) determined from NMR integral ratios.

Fig. S13 Images of pristine and post-test QBPh-Pip membranes after 1,000 h in 8M KOH at
80 °C.
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Fig. S14 Post-test TEM images of QBPh-Pip (IEC = 1.9 mequiv. g'') membrane after 1,000

h in 8M KOH at 80 °C.
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Fig. S15 Alkaline stability of QBPh-Pip and some other reported AEMs as a function of the

alkaline concentration (mol L-1).
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Fig. S16 Storage modulus and loss modulus of QBPh-Pip membranes as a function of number

average molecular weight (M,).
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Fig. S17 The maximum stress and elongation at break (%) of QBPh-Pip membranes as a
function of copolymer composition (n/m). where n/m represent the ratio between DPF to

biphenyl.
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Fig. S18 Post-test stress-strain curve of QBPh-Pip (1.9 mequiv. g'!) at 60%RH and 80 °C.
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Fig. S19 (a) IR-included I-V curves and ohmic resistances, (b) IR-free Tafel plots of QBPh-
Pip (1.9 mequiv. g'!) cell with NiFeO anode and QPAF-4 (1.5 mequiv. g!) cell with NiCoO
anode at 80 °C and 1 M KOH aqueous solution. (data of QPAF-4 cell was adapted from ref.

[13])
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Figure S21 Cross-sectional SEM images fitted with N atom (Ka) intensity on the EDS line

analysis quantified by backscattered electrons as a function of the distance from the asterisk

(um) of QBPh-Pip (1.9 mequiv. g'), (a) before and (b) after 1000 h of durability test.

Table S2 Comparison of the AEM-WE performance of QBPh-Pip and reported AEM-WE:s.

entr | AEM Test Anode Cathode | Performan | Durability | Rate of | Ref.
y condition ce @ 1.0 voltage
A cm?? increase
1 QBPh-Pip 80 °C, IM | NiFeCo Pt/C (1.0 | 1.70 V 1000h@ | 70 uV h- | This
KOH (2.0 mg cm™ | mg cm™) 1.0 Acm |! wor
2) 2, 80°C k
2 SustanionXA-9 | 80 °C, 1M | Ni- Pt/C (0.6 | 1.69 V NA NA [3]
KOH FeOOH/Ni | mg cm?)
foam (1.2
mg cm?)
3 Aemion+ 80 °C, 1M | Ni- Pt/C (0.6 | 1.70 V NA NA [3]
KOH FeOOH/Ni | mg cm?)
foam (1.2
mg cm?)
4 Fumion 80 °C, 1M | Ni- Pt/C (0.6 | 1.69 V NA NA [3]
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KOH FeOOH/Ni | mg cm?)
foam (1.2
mg cm?)
5 PAP-TP-85 80 °C, | Fe-NiOOH- | Pt/C (1.0 | 1.90V 160 h @ | 560 pV |[14]
KOH 20F mg cm?) 0.5 A cm | h'!
2, 60°C
6 FAA-3-50 80 °C, IM | Ni(Fe)OH |[Pt/C (3.4 |1.80V 1300 h @ | 180 [15]
KOH (3.36  mg | mg cm?) 2.0 Ac m | uV h'!
cm?) 2,50 °C
7 Sustanion X37- | 60 °C, IM | NiFe (2.5 |Pt/C (1.0 | 1.78 V 500 h, (1-| 3820 pA | [16]
50 KOH mg cm?) mg cm?) 1.8V cm? h!
durability
cycle), 25
°C
8 Fumasep® 60 °C, 1M | NiFe,O4 Pt/C (0.5|1.76 V 120 h @ | 1477 pA | [17]
FAA3-50 KOH (3.0 mg cm™ | mg cm?) 2.0 V, 60| cm?h'!
2) oC
9 FAA-3-50 70 °C, 1M | IrO,(4.0 mg | Pt/C (0.4 | 1.77V NA NA [18]
KOH cm?) mg cm?)
10 FAA-3-50 70 °C, 1M | IrO, (2.0 mg | Pt/C (0.4 | 2.00 V 42 h @ | 48300 [19]
KOH cm?) mg cm?) 0.2 A cm | uV h'!
2,70 °C
11 PFPB-QA 70 °C, 1M | IrO,(2.0mg | Pt/C (0.4 | 1.84V 42 h @ | 32380 [19]
KOH cm2) mg cm?) 0.2 A cm | uV h'!
2,70 °C
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