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1. Supporting Tables

Table S1. Gel permeation chromatography of BrPP-b-PSK-w and BrLPP-b-PSK-w

M, My
Sample DPI
(kg mol?) (kg mol?)
BrPP-b-PSK-1.5 41.7 109.6 2.63
BrPP-b-PSK-2.5 34.0 140.0 4.1
BrPP-b-PSK-3.5 40.9 112.0 2.74
BrLPP-b-PSK-2.5 40 92.2 2.3
BrLPP-b-PSK-3.5 18.1 40.0 2.2

Additional Description: We could not measure the molecular weight of the quaternized polymers using GPC, since the quaternized polymers (QPP-b-PSK-w-TMA) were only soluble

in DMSO unlike BrPP-b-PSK-w and PP-b-PSK-w.

Table S2. Activation energies of OH- and Cl- anions on QPP-b-PSK-w-TMA and FAA-3

Activation energy (k) mol?)

Sample
Cl-form OH-form
QPP-b-PSK-1.5-TMA 22.03 14.32
QPP-b-PSK-2.5-TMA 20.40 12.76
QPP-b-PSK-3.5-TMA 19.52 10.16
FAA-3 26.61 13.16
Table S3. Properties of QPP-b-PSK-3.5-Im
Dimensional Change OH- Conductivity
IEC,,°"- IEC, " Water uptake
Sample (%, at 25°C) (mS cm1)
(meq. g?) (meq. g?) (wt%, at 25 °C)
Al At AV 25°C 60 °C
QPP-b-PSK-3.5-Im 2.0 1.9 38 4 21 31 27 63
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Table S4. Performance of state-of-the-art AEMs and PGM-based AEMFC in this work and recent literature.t-3

Anode Cathode Total  PGM (. o Peak Power Cel So”:(;;::f
AEMs AEls (Loading, (Loading, loading (:v mese?) Density temperature (Back pressure Ref.
mMgpem cm2) mMgpeu cm2) (mgpem cm™) e (W em™2) (-0 / bar)
QPP-b-PSK- This
3.5.TMA QPC-TMA PtRu/C (0.2) Pt/C(0.1) 0.3 4.90 1.47 80 HyO;(L5/15)
QPP-b-PSK- H,-Air This
35.TMA QPC-TMA PtRu/C (0.2) Pt/C(0.1) 0.3 3.03 0.91 80 (1.5/1.5) work
QPP-b-PSK- This
3.5.TMA QPC-TMA PtRu/C (0.4) Pt/C(0.2) 0.6 3.02 1.81 80 Hy0;(L5/15) o
QPP-b-PSK- This
3.5.TMA QPC-TMA PtRu/C (0.4) Pt/C (0.4) 0.8 243 1.94 75 Hy0;(10/1.0)
QPP-b-PSK- H,-Air This
3.5.TMA QPC-TMA PtRu/C (0.4) Pt/C (0.4) 0.8 1.66 1.33 75 (1.0/1.0) work
RG-HDPE EEF'EBTMA' PtRu/C (0.125)  Fe-N-C(1.0) 0.125 10.40 1.3 80 H,-0,(0.0/1.0) 1
RG-HDPE EfF'ETMA' PtRu/C (0.6) Fe-N-C (1.0) 0.6 3.42 2.05 80 H,-0,(2.0/2.0) 1
PDTP-25 PFBP PtRu/C (0.39) Pt/C (0.26) 0.65 3.97 2.58 80 H,-0,(1.3/1.3) 2
H,-Air
PDTP-25 PFBP PtRu/C (0.39) Pt/C (0.26) 0.65 2.12 1.38 80 2
(1.3/1.3)
PFTP-13 PFBP Pt/C (0.33) Pt/C (0.33) 0.66 2.73 1.8 80 H,-0, (1.5/1.5) 3
PFTP-13 PFBP PtRu/C (0.42) Pt/C (0.33) 0.75 3.12 2.34 80 H,-0,(1.3/1.3) 3
QPC-TMA QPC-TMA PtRu/C (0.4) Pt/C (0.4) 0.8 2.01 1.61 60 H,-0, (0.0/0.0) 4
PNB PNB PtRu/C (0.7) Pt/C (0.6) 1.3 2.46 3.2 80 H,-0,(0.0/2.0) 5
PNB PNB PtRu/C (0.7) Pt/C (0.6) 1.3 2.08 2.7 80 H,-0,(0.0/2.0) 5
PNB PNB PtRu/C (0.7) Pt/C (0.6) 1.3 1.35 1.75 80 Ha-Alr 5
’ ’ ’ ’ ’ (0.0/2.0)
H,-Air
PAP-TP PAP-BP PtRu/C (0.15)  Ag/C(1.0) 0.15 6.13 0.92 95 6
(2.5/1.3)
RG-HDPE EfF'ETMA' PtRu/C (0.6) Ag/C (0.85) 0.6 2.87 1.72 80 H,-0,(0.0/0.0) 7
RG-HDPE EEF'ETMA' PtRu/C (0.6) Pt/C (0.4) 1 2.55 2.55 80 H,-0, (0.0/0.0) 7
RG-LDPE EfF'EBTMA' PtRU/C(0.6)  P/C(0.4) 1 2.01 2.01 80 Hy0,(0.0/0.0) 7
m-TPN TEA-0-BTN Pt/C (0.6) Pt/C (0.6) 1.2 1.29 1.55 80 H,-0, (1.5/1.5) 8
PNB EEF'ETMA' PtRu/C (0.7) Pt/C (0.6) 1.3 2.69 3.5 80 H,-0,(0.5/1.0) °
RG-BTMA- H,-Air .
PNB ETFE PtRu/C (0.7) Pt/C (0.6) 1.3 0.92 1.2 80 0.5/1.0)
PNB EEF'ETMA' PtRu/C (0.7) Pt/C (0.6) 1.3 2.59 3.37 80 H,-0, (0.0/0.0) 10
PNB EE’QETMA' PtRu/C (0.7) Pt/C (0.6) 1.3 2.52 3.27 80 H,-0,(0.0/0.0) 10
PNB EEF'EBTMA' PtRu/C (0.7) Pt/C (0.6) 1.3 2.35 3.06 80 H,-0, (0.0/0.0)  1©
PNB EEF'EBTMA' PtRu/C (0.7) Pt/C (0.6) 1.3 2.31 3 80 H,-0, (0.0/0.0)  1°
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PAP-TP PAP-TP PtRu/C (0.1) Pt/C (0.4) 0.5 3.32 1.66 80 H,-0,(2.0/2.0) 1
PAP-TP PAP-TP Pt/C (0.1) Pt/C (0.4) 0.5 3.08 1.54 80 H,-0,(2.0/2.0) 1
PAP-TP PAP-TP PtRu/C (0.4) Pt/C (0.4) 0.8 2.60 2.08 80 H,-0,(2.0/2.0) 1
PAP-TP PAP-TP Pt/C (0.4) Pt/C (0.4) 0.8 2.40 1.92 80 H,-0,(2.0/2.0) 1
PAP-TP PAP-TP PtRu/C (0.6) Pt/C (0.4) 1 1.45 1.45 80 H,-0, (1.0/1.0) 12
TPN FNL PtRu/C (0.15) Pt/C (0.6) 0.75 1.33 1 80 H:-0; 3

: : : : (2.85/2.85)
TPN FNL PtRu/C (0.75) Pt/C (0.6) 1.35 1.08 1.46 80 H:-0; 13
: : : : : (2.85/2.85)
TPN FNL PtRu/C (0.75) Pt/C (0.6) 1.35 0.50 0.68 80 Ha-Air 3
: : ) : : (2.85/2.85)
FAA-3 QPC-TMA PtRu/C (0.2) Pt/C (0.1) 0.3 2.97 0.89 75 H,-0, (1.0/1.0) ngk
FAA-3 QPC-TMA PtRu/C (0.4) Pt/C (0.2) 0.6 2.28 1.37 75 H,-0, (1.0/1.0) E;'ik
FAA-3 QPC-TMA PtRu/C (0.4) Pt/C (0.4) 0.8 1.96 1.57 75 H,-0, (1.0/1.0) E::?k
H,-Air This
FAA-3 QPC-TMA PtRu/C (0.4) Pt/C (0.4) 0.8 1.43 1.14 75 (1.0/1.0) work
Bl Figure 517
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Table S5. The summary of AEMWE performance using commercial and synthesized membranes reported in literature!#2* and performed in this work.
AEMs Catalyst Loading Temperature Performance at 1.9 V Ref
(Anode/Cathode) (mg cm??) (°C) (A cm?) .
" This
QPP-b-PSK-3.5-TMA NiFe / Pt/C 1.0/0.4 90 4.000 work
" This
QPP-b-PSK-3.5-TMA NiFe / Pt/C 1.0/0.4 80 3.750 work
This
QPP-b-PSK-3.5-TMA Ir0, / Pt/C 20/0.4 80 3.150 work
A201 (Tokuyama Co.) Ir0,/ Pt 29/3.2 50 0.520 1
QPPO NiCo,0, / Pt/C 8/0.3 70 0.950 15
PPO-24-BIM Ir0, / Pt/C 3/15 50 0.400 16
FAA-3-50 5
(Fumatech Co.) g-cn-cnf / Pt/C 6/0.4 60 0.734
FAA-3PE-30 ) 1
(Fumatech Co.) NigoFe;0/CeO, NPs / Pt/C 6/1 50 1.950
FAA-3-50
19
(Fumatech Co.) Ir0, / Pt/C 2/0.4 70 1.500
PAEK-APMBI Ni foam - 60 0.500 20
Aemion
21
(lonomr Innovations Inc.) Ir / Pt/C 35/1 50 1.900
PISPVA46 Ir0, / Pt/C 2/05 60 0.450 2
X37-50 Grade T ) 2
(Dioxide materials Co.) CuCo oxide / Pt/C 3.8/1 45 2.100
PFOTFPH-TMA Ir0, / Pt/C 1.2/0.3 80 1.500 2

This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

J. Name., 2013, 00, 1-3 | 5




Please do not adjust margins

ARTICLE Journal Name

2. Supporting Scheme

o o
4,4'-DFDPS 4,4'-DHBP OH-terminated PSK

O 0
0 0
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2,5-DCMBP 2Cl-terminated PSK

iii) Col li tion (LPP-b-PSK-w
(iii) Colon coupling reaction ( ) wis the weight ratio

between DCMBP and the
2Cl-terminated PSK

(v) Quaternization and (vi) ion exchange (w=25,35) | OHe

(iv) Bromination (BrLPP-b-PSK-w)

o
(o] (o] (o] (o] (o]
OO~ O OO OO
QLPP-b-PSK-w-TMA

Scheme S1. Synthetic procedure of QLPP-b-PSK-w-TMA. The reaction agent, solvent and condition for each steps (form i to vi) to synthesize QLPP-b-PSK-w-TMA are as follow ; (i)
K,CO3, DMAC 165 °C for 16h (ii) K,CO3, DMAc, 130 °C for 16h (iii) NiBr,, TPP, Zinc, DMAc, 80 °C for 16h (iv) NBS, TCE, 90 °C for 24h (v) 45 wt% TMA solution, 25 °C for 24h (vi) immersed

in 1M KOH at room temperature for 24h.

o

O~ OO~ OO0 010

(DL~

o

Scheme S2. Chemical structure of QPP-b-PSK-3.5-Im
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3. Supporting Figures
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Figure S1.'H NMR spectrum of monomer and oligomers : (a) DCMBP, (b) 2Cl-terminated PSK and (c) 4Cl-terminated PSK
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Figure S2. *H NMR spectrum of QPP-b-PSK-w-TMA. (From top to bottom: PP-b-PSK-2.5, BrPP-b-PSK-2.5, QPP-b-PSK-2.5)
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Figure S3. Cl- ion conductivity of QPP-b-PSK-w-TMA and FAA-3
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Figure S4. Dynamic mechanical analysis (DMA) curves of QPP-b-PSK-w-TMA: (a) QPP-b-PKS-1.5-TMA, (b) QPP-b-PKS-2.5-TMA, (c) QPP-b-PKS-3.5-TMA and (d) FAA-3)
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Figure S5. TGA curves of QPP-b-PSK-w-TMA and FAA-3 : (a) QPP-b-PSK-1.5-TMA, (b) QPP-b-PSK-2.5-TMA, (c) QPP-b-PSK-3.5-TMA, (d) FAA-3
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Figure S6. lon exchange capacity change of QPP-b-PSK-w-TMA and FAA-3 during the alkaline stability test under 1 M KOH solution at 80 °C : (a) QPP-b-PSK-1.5-TMA, (b) QPP-b-PSK-
2.5-TMA, (c) QPP-b-PSK-3.5-TMA, (d) FAA-3
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Figure S7. Digital photo of QPP-b-PSK-w-TMA and QPP-b-PSK-3.5-Im after chemical stability test under 1M (left) or 3M (right) KOH solution at 80 °C
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Figure S8. Alkaline stability test investigated by immersing QPP-b-PSK-3.5-Im in 1 M KOH solution at 80 °C for 500 h. (a) Residual conductivity, (b) IEC changes and (c), (d) mechanical
properties changes ((c) tensile strength, (d) elongation at break).
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Figure S11. Single cell performance of AEMFCs with QPP-b-PSK-w-TMA (w = 1.5, 2.5, and 3.5) and FAA-3 AEMs with FAA-3 ionomer.
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Testing conditions: 60 wt.% PtRu/C and Pt/C catalysts were used in the anode and cathode, respectively, and the catalyst loadings of both electrodes were fixed at 0.4 mgpgy cm2.
The temperature of the cell was maintained at 60 °C. Flow rates of humidified hydrogen (dew point of 56 °C) and oxygen (dew point of 58 °C) were 0.8 and 1.0 L min‘%, respectively.
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Figure S12. iR-corrected polarization curves of AEMFCs with different AEMs (QPP-b-PSK-w-TMAs, and FAA-3).
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Figure S13. Single-cell performance of the AEMFCs using QPP-b-PSK-3.5-TMA or FAA-3 AEMs with QPC-TMA ionomer at high temperature of 75 °C.# 60 wt.% PtRu/C and Pt/C catalysts
were used in the anode and cathode, respectively, and the catalyst loadings of both electrodes were fixed at 0.4 mgpem cm~2. The temperature of the cell was maintained at 75 °C.
The flow rates of humidified hydrogen (dew point of 69 °C) and oxygen or air (dew point of 73 °C) were 0.8 and 1.0 L min~* without any back-pressure, respectively.
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Figure S14. Nyquist and Bode plots of EIS spectra of the low PGM-loaded AEMFCs using QPP-b-PSK-3.5-TMA or FAA-3 membranes with QPC-TMA ionomer measured at different
current densities: (a) 0.1 Acm2 (b) 1.0 A cm™?, and (c) 2.0 A cm™2. Testing conditions are the same as cell performance evaluation conditions.
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Figure S15. EIS spectra of the low PGM-loaded AEMFC using FAA-3 membrane with QPC-TMA ionomer measured at different current densities (a) Nyquist plot and (b) Bode-phase
angle plot. Testing conditions are the same as cell performance evaluation conditions.

Additional Description: As shown in Figure S15, at a low current density of 0.1 A cm, there is only the capacitive semicircle with a high peak frequency (f,) of about 100 Hz. This
high frequency arc could be related to the charge transport process within the electrodes of the cell because its size and the peak frequency of the arc decreased and increased,
respectively, as the current density increased. On the other hand, at much higher current density over 0.75 A cm2, there are noticeable capacitive semicircles with much lower peak
frequency (f, < 10 Hz) compared to the high frequency semicircle (f,> 100 Hz). From the fact that the size of these arcs increases with current density, it can be inferred that the low
frequency arcs are closely related to the mass transport process in the system.
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Figure S16. (a) Single cell polarization and (b) iR-corrected polarization curves of AEMFCs with different AEMs (QPP-b-PSK-3.5-TMA, and FAA-3).
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Figure S17. Single-cell polarization curves of the 0.6 mgpgy cm2 loaded AEMFCs using QPP-b-PSK-3.5-TMA or FAA-3 AEMs with QPC-TMA lonomer. Anode catalyst: 60 wt.% PtRu/C
with PGM loading of 0.4 mgpeym cm2. Cathode catalyst: 40 wt.% Pt/C with PGM loading of 0.2 mgpgy cm2
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Figure S18. Durability tests of QPP-b-PSK-3.5-TMA_90 °C at a constant current density of 1.0 A cm=2. The QPP-b-PSK-3.5-TMA_90 was evaluated for 50 h. The NiFe with the loading
of 1 mg cm2 and 40 wt. % Pt/C with the loading of 0.4 mg cm2 were employed in the anode and cathode, respectively. The AEMWEs were operated under 1M KOH-feeding method.
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Figure S19. Performance and stability of AEMWEs operated using pure water method. (a) Polarization curves of QPP-b-PSK-3.5-TMA and FAA-3 AEMWEs using pure water method.
(b) Stability test performed at a constant current density of 20 mA cm2. The NiFe and 40 wt.% Pt/C catalyst were used in anode and cathode, respectively. The catalyst loadings in

anode and cathode were 1.0 and 0.4 mg cm™2. The temperature was maintained at 80 °C.
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