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Characterization and measurement 

 The chemical structure of the PPO and SEBS and their derivatives were identified via 1H nuclear 

magnetic resonance (NMR) and Fourier transform infrared (FTIR) spectroscopy. The 1H NMR spectra 

were obtained using a 400 MHz NMR spectrometer (Agilent 400-MR) using CDCl3 as a reference. ATR-

FTIR spectra were recorded on a PerkinElmer FTIR Spectrum Two.  

 Membrane thickness was determined with a micrometer (Mitutoyo Model 547-201, Japan). The 

hydroxide-ion conductivity (σ) of each membrane (size: 10 × 40 mm) was calculated by the equation: 

σ =  
𝐿

𝑅 × 𝐴
 

where L is the distance between the reference electrodes and A is the cross-sectional length of the 

membrane. Alternating current (AC) two-point probe impedance spectroscopy was used to carry out 

ohmic resistance measurements (R). The electrode systems were connected at frequencies from 100 

mHz to 2 MHz via an SI-1287 electrochemical interface and an SI-1260 overhead impedance/gain-phase 

analyzer. The conductivity measurements were performed from 20–80 °C at 20 °C steps, inclusive. For 

these conductivity measurements, the cell was immersed in DI water. The conductivity values were 

averaged over at least five trials of the same duration. 

Using the back-titration method, the ion exchange capacity (IEC) value of each membrane was 

calculated. To neutralize the OH− ions, the OH− form membranes were stored for 24 h in a 0.01 M HCl 

standard solution. Residual HCl was back-titrated with a 0.01 M NaOH standard solution using a 

phenolphthalein indicator. The membranes were then dried to determine their weight (Wdry, g). The 

following equation was used to calculate the experimental IEC (in meq g−1) as the moles of exchangeable 

hydroxide ions per gram: 

IEC (meq g−1) =  
(V0NaOHCNaOH − VxNaOHCNaOH)

W𝑑𝑟𝑦,
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The WU (%) and swelling ratio (SR, %) of each membrane were calculated by soaking the circular 

membranes in water at 20 °C and 80 °C. The membranes in their OH− form were immersed in DI water 

for at least 24 h, the surface of the membrane was wiped with a tissue, the sample was quickly weighed 

(Wwet), and the length (lwet) and thickness (twet) were quickly measured. Then, the membrane was dried 

under vacuum for 24 h, and the weight (Wdry), length (ldry), and thickness (tdry) of the dry membrane were 

also measured. The following equations were used to determine the WU (%) and SR (%): 

WU (%) =  
𝑊𝑤𝑒𝑡 − 𝑊𝑑𝑟𝑦

𝑊𝑑𝑟𝑦
× 100 

SR (%) =  
𝑙𝑤𝑒𝑡 − 𝑙𝑑𝑟𝑦

𝑙𝑑𝑟𝑦
× 100 or 

𝑡𝑤𝑒𝑡 − 𝑡𝑑𝑟𝑦

𝑡𝑑𝑟𝑦
× 100 

   The gel fraction of the crosslinked membrane was measured by immersion in CHCl3 at room 

temperature for 48 h. The membrane was then dried at 40 °C for 24 h. Subsequently, the gel fraction 

was determined by the following equation: 

Gel fraction (%) =  
𝑊𝑎

𝑊0
× 100 

where W0 is the weight of the membrane before the gel fraction test, and Wa is the membrane 

weight after the gel fraction test. 

A benchtop tensile tester (Shimadzu EZ-TEST E2-L) was used to measure the mechanical 

properties of the membranes at a crosshead speed of 1 mm min−1 at 25 °C under 50% relative humidity. 

The cross-sectional area of the initial sample was used to determine the engineering stress. The initial 

slope of the stress–strain curve was used to calculate Young's modulus (E). For this test, membrane 

samples were prepared in dumbbell shapes of 40 × 10 mm total area and 20 × 10 mm test area. 

The thermal stability of the membrane was investigated by thermogravimetric analysis (TGA) 

using a Scinco TGA N-1000 instrument. The TGA was conducted at a heating rate of 10 °C min−1 from 

50 to 800 °C under a nitrogen atmosphere. 

Differential scanning calorimetry (DSC) measurements were performed using a PerkinElmer DSC 

4000 to calculate the glass-transition temperature (Tg). Samples were prepared in aluminum pans and 

measured from −40 to 200 °C for two cycles at a heating and cooling rate of 10 °C min−1. The second 

heating plot was used to determine Tg. 

Scanning electron microscopy (SEM) was performed on a JEOL JSM-7800F instrument with a 15.0 

kV accelerating voltage and an upper secondary electron detector to observe the surface properties. 

Samples were coated with Pt before imaging. The membranes were dried well in a vacuum oven at 80 

°C before measurement. 

The microphase separation of the membranes was observed using atomic force microscopy (AFM, 

Bruker MULTIMODE-8-AM, Billerica, MA, USA). 

A Rigaku HR-XRD Smartlab diffractometer was used to collect the X-ray diffraction (XRD) spectra 

of the dried membranes. Small-angle X-ray diffraction scattering (SAXS) was measured at a scanning 

rate of 0.25° min−1 in a 2θ range from 0° to 6° with a Cu-Kα X-ray source (λ = 1.54 Å ). The membranes 

were dried at room temperature prior to measurement. 

Contact angles were measured statically on surface electro-optics (SEO) instruments and 

calculated using SEO Surfaceware-9. A membrane was placed on a flat surface to determine the contact 

angle. Subsequently, a 7-μL water droplet was placed on the surface of the membrane. A picture was 

taken 10 seconds after the water droplet touched the surface to obtain the contact angle. All 

measurements were performed at least three times, and the average values and the standard deviations 

were calculated and reported. 

The bound water (non-freezing water) and free water (freezing water) contents of the membranes 

were determined by measuring the DSC of a membrane in a fully hydrated state with a PerkinElmer 
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DSC 4000. A fully hydrated membrane was sealed in an aluminum sample pan, and an empty sample 

pan was prepared as a reference. The sealed and empty pans were weighed. The sealed pan was frozen 

inside the DSC chamber to −40 °C as soon as possible after weighing, and that temperature was 

maintained for system equilibration. Then, the DSC chamber was heated to 20 °C with a heating rate of 

2 °C min−1. The amount of freezing water in each membrane was calculated by integrating the peak 

area of the melt endotherm. The degree of crystallinity of the water was obtained from the standard 

heat of fusion of pure water (334 J g−1). The weight difference between the wet and dry membranes was 

used to determine the total water content. The freezing water and bound water contents were calculated 

using the following equations: 

Freezing water (%) =  
𝑀𝑒𝑙𝑡𝑖𝑛𝑔 𝑒𝑛𝑡ℎ𝑎𝑙𝑝𝑦 (𝐽𝑔−1)

𝑀𝑒𝑙𝑡𝑖𝑛𝑔 𝑒𝑛𝑑𝑜𝑡ℎ𝑒𝑟𝑚𝑖𝑐 ℎ𝑒𝑎𝑡 𝑜𝑓 𝑓𝑢𝑠𝑖𝑜𝑛 𝑜𝑓 𝑝𝑢𝑟𝑒 𝑤𝑎𝑡𝑒𝑟 (334 𝐽𝑔−1)
× 100 

Non − freezing bound water (%) = total water content (%) − freezing water content (%) 

The OH− form membranes were soaked in 1 M KOH solution at 80 °C for at most 960 h to evaluate 

the chemical stability of membranes. Before the measurements, each membrane was washed several 

times with DI water, and the free KOH inside the membrane was removed by soaking it in DI water 

for at least 24 h at room temperature. The ionic conductivity of each membrane was measured in DI 

water at 20 °C. 

 

 

Scheme 1. Synthetic route to DMA-Tri-PPO 1. 

 

Scheme 2. Synthetic route to DMA-PPO 2. 
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Scheme 3. Synthesis of Br-Hex-SEBS 5. 

 

 

Figure S1. 1H NMR spectra of (a) Br-PPO 3, (b) N3-PPO 4, (c) DMA-Tri-PPO 1, and (d) DMA-PPO 2. 
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Figure S2. 1H NMR spectra of Br-Hex-CO-SEBS 6 (a) and Br-Hex-SEBS 5 (b). 

 

Figure S3. Normalized conductivity vs. IEC at 20 °C of both PPO-SEBS membranes compared with 

SEBS- and PPO-based AEMs [1–7]. 
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Figure S4. TGA graphs of the crosslinked PPO-SEBS membranes. 

0 2000 4000 6000 8000 10000 12000 14000

1.4

1.5

1.6

1.7

1.8

1.9

2.0

2.1
 

 

V
o

lt
a
g

e
 (

V
)

Time (s)

 x-TriPPO-50SEBS

 

Figure S5. The durability of x-TriPPO-50SEBS membrane-based WE cell under a current density of 200 

mA cm-2 at 70 °C. 
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Table S1. Gel fraction of the crosslinked PPO-SEBS membranes measured in CHCl3 at room 

temperature. 

 

 

 

 

 

Table S2. Comparison of AEMs developed in this work to other AEMs [8–15]. 

AEM A/C ionomer 
Anode catalyst 

Cathode catalyst 
A/C electrolyte Temp 

AEMWE current 

density 

x-TriPPO-50SEBS FAA-3 
4.0 mg/cm2 IrO2 

0.5 mg/cm2 Pt/C 
1M KOH 70°C 0.71 A/cm2 @1.8V 

x-PPO-50SEBS FAA-3 
4.0 mg/cm2 IrO2 

0.5 mg/cm2 Pt/C 
1M KOH 70°C 0.42 A/cm2 @1.8V 

HTMA-DAPP TMA-70 
3 mg/cm2 Ni-Fe 

0.5 mg/cm2 PtRu/C 
1M NaOH 85°C 5.5 A/cm2 @1.85V 

HTMA-DAPP HTMA-DAPP 
2 mg/cm2 IrO2 

0.4 mg/cm2 PtRu/C 
H2O 60°C 0.4 A/cm2 @2.0V 

PTFE-Sustainion®  Nafion 
Ni-Mo 

Fe-Ni-Mo 
1 M KOH 80°C 1.0 A/cm2 @1.57V 

PTP-90 NG 
IrO2 

Pt/C 
1M NaOH 75°C 1.0 A/cm2 @1.8V 

PIS Nafion 
2 mg/cm2 IrO2 

0.5 mg/cm2 Pt/C 
0.5 M KOH 80°C 0.55 A/cm2 @2.0V 

x-QAPS x-QAPS 
Ni-Fe 

Ni-Mo 
H2O 70°C 0.24 A/cm2 @1.8V 

FAA-3-50 NG 
1.8 mg/cm2 NiFe2O4 

2.7 mg/cm2 NiFeCo 
1 M KOH 60°C 0.24 A/cm2 @1.8V 

Fumapem-3-PE-30 Fumion FAA-3 
3 mg/cm2 Iridium black 

1 mg/cm2 Pt/C 
1M KOH 50°C 1.00 A/cm2 @1.8V 

 

  

Membrane Gel fraction (%) 

x-TriPPO-50SEBS 100 

x-PPO-50SEBS 99.1 
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