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Tracking OH-anion in ReaxFF: 

In order to obtain the structural and transport properties referring to OH- anion, the 

index of oxygen (O*) of the hydroxide ion should be monitored and distinguished 

from water molecules because the index of O* may change due to the proton transport 

from water molecule to hydroxide anion.1-3 The same index of O* between two 

adjacent frames in simulation trajectory indicates no proton transport. When the index 

changes it indicates that the Grotthuss hopping or transport occurs. 

 

RDF and CN calculations: 

In order to investigate the structural properties of AEMs, we calculated the radial 

distribution function (RDF) and the coordination number of atom within a given 

radius shell4
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where g(r) and CN are RDF and coordination number, respectively. n(r) represents 

atoms number within a distance r of the central atom, ρ strands for the number density. 

r’ is the cutoff distance for integration. The RDF and CN were obtained by averaging 

over the trajectory. 

 

Diffusion constant: 

From the time-dependent trajectory, the diffusion constant of OH- or H2O can be 

estimated from mean squared displacement (MSD)5 
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              𝑀𝑆𝐷(𝑡) =
1

𝑁
< ∑ |𝑁

𝑖=1 𝑟𝑖(𝑡 + 𝑡0) − 𝑟𝑖(𝑡0)|
2 >,            (eq-S2) 

where N is denoted the total number of atoms. ri represents the position of the i-th 

atom in the unfolded trajectory, t0 is the origin of time. With the time-dependent MSD, 

the diffusion constants were then estimated using the Einstein relation 

                    𝐷 =
1

6𝑡
𝑀𝑆𝐷(𝑡).                             (eq-S3) 

Here N is the number of OH- or H2O in the system. 

 

Water channel size distribution: 

The water channel sizes distribution is calculated based on the ‘pore-size distribution’ 

(PSD) concept with minor modifications.6, 7 The diagram shown in Figure S2 

illustrates the algorithm to calculate the water channel size distribution. Once the 

water channel boundary is defined, then the water channel size calculation is 

equivalent to calculating the distribution of spheres that can fit into the channel. Here, 

the water channel boundary is defined by isosurfaces with 25% of bulk water density. 

The potential locations for the centers of attempted sphere inscriptions is defined by 

the region where the water density is larger than 50% of bulk water density (i.e. the 

core of the water channel). 
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Figure S1. Time dependence of density and energy for all systems in ReaxFF 

simulations. The initial energy for each system is set to 1.00 when mapping from 

APPLE&P to ReaxFF. The hydration level is λ =17 for PPO-3C1(17) while it 

corresponds to λ =10 for others. From the results of density and energy, we show the 

systems are equilibrated.  
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Figure S2. The algorithm for calculation the water channel size distribution.7 

 

Figure S3. Illustration of PPO-2C1-C6 membrane morphologies obtained from 

APPLE&P and ReaxFF simulations. The red chain shows a polymer backbone for the 

selected chain in the APPLE&P simulation, while green chain shows the same chain 

after mapping and relaxation in ReaxFF.7  
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Figure S4. Mean squared displacement (MSD) of water (left) and OH-anion (right) 

obtained from ReaxFF simulations at hydration level λ =17 for PPO-3C1(17) and λ 

=10 for all other systems.   

 

Figure S5. The RDFs of N-N (left, upper), N-O (H2O) (right, upper), N-O* (OH-) (left, 

lower) and O*-O (right, lower) predicted with APPLE&P, standard ReaxFF, and 

charge constrained ReaxFF simulations for the system of trimethylamines attached to 

p-phenylene oxide dimer(TPO)-OH anion-water. 
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Figure S6. Time dependence of OH- residual number in PPO-3C1, PPO-2C1-C6, 

PPO-2C1-EO and PPO-3C3 AEMs, as well as the two-parameter fitting curves. 

 

Figure S7. The coordination numbers of nitrogen-hydroxide in PPO-3C1, PPO- 

2C1-C6, PPO-2C1-EO and PPO-3C3 AEMs. 

	 3	

It is clear that the reaction rate decrease by one order of magnitude, which brings 

our rate much closer to reality, especially for the PPO-3C3, the best membrane we 

proposed, and its chemical stability improves more than 200 times! Most 

importantly, we should emphasize that the main idea of the manuscript is study the 

selectivity of degradation between different membranes, as well as hydroxide 

dynamics. We believe the ReaxFF prediction for the membrane selectivity is 

reliable. This can be proved from the comparison of the probability of OH 

approaching the cationic reaction center, in which the PPO-3C1 has a larger chance 

to react with functionalized group than the PPO-3C3, as well as PPO-2C1-C6 (see 

Figure R2). This aligns well with experimental observations on similar membranes 

(Chem. Mater., 28, 2589, 2016; The Electrochemical Society Meeting, 2014, 

p808) which also concludes that the membrane with large n-alkyl group gives the 

added stability, agreeing with the reactivity trends of the membranes in our 

ReaxFF prediction. 

 

Figure R2: The coordination numbers of Nitrogen-Hydroxide in PPO-3C1, PPO-

2C1-C6, PPO-2C1-EO and PPO-3C3 AEMs. 
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Figure S8. Time dependence of OH-anion residual number in PPO-3C1 at different 

hydration levels with 5, 10 and 17. 

 

Figure S9. Time dependence of OH-anion residual number in PPO-3C3 at different 

hydration levels with 5 and 10. 
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Figure S10. Distribution of water channel size of a given polymer at three different 

realizations of the membranes (PPO-3C1 and PPO- 2C1-C6). 

 

 

Figure S11. Mean squared displacements of OH- and H2O for different built polymer 

morphology (PPO-3C1 and PPO- 2C1-C6) at the hydration level of λ=10. 
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To quantify the correlation between DOH− and the distribution of water channel 

bottlenecks, we calculated the volume fraction of such bottlenecks in the formed 

channels.8 A bottleneck region is defined as the portion of the water channel which 

can accommodate spheres with a radius less than 2.4 Å (big enough to fit an OH−–

H2O pair) and larger than 1.5 Å (accommodate a single OH−). The accumulated 

volume of these domains normalized by the total volume of water channels is a 

quantitative measure of the volume fraction of bottlenecks. The correlation between 

DOH− and the volume fraction of bottlenecks is shown in Figure S12A. It is clear that 

PPO-2C1-C6 with small volume fraction has the largest diffusion constant, indicating 

the co-existence of phase segregation and well-defined water channels enhance the 

dynamics of OH-. However, for the point at 0.059, which corresponds to 3R3 polymer 

structure, DOH− increases with the decreasing volume fraction of bottleneck regions. 

Consistent with the enhanced phase segregation observed in the PPO-3C3 systems, 

the surface area of water channels defined by iso-surfaces with ρ/ρ0 larger than 0.5 (i.e. 

larger than 50% of bulk density) is shown in Figure S12B. For any value defining the 

iso-surface, the PPO-3C3 system has the smallest surface area, indicating the 

formation of large water-rich domains and the limited interconnection between them. 

Therefore, the slow dynamics in the PPO-3C3 with a low volume fraction of 

bottlenecks can be attributed to the disconnection of water domains leading to the 

hindrance of OH− transport from one water-rich domain to a neighboring one. 

 

  
 

Figure S12: OH− as a function of bottleneck volume fraction (A) and total surface 

area of the water channels as a function of isosurface density value used for defining 

water channels (B).8 
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Table S1. ReaxFF hopping rate (per OH- /per ns) in different systems. 

System Hopping rate  

PPO-3C1 5244 

PPO-2C1-C6 5342 

PPO-2C1-EO 5293 

PPO-3C3 5353 

The hopping rate of OH- is calculated by normalizing the total number of proton hops 

by total time (in ns).  

 

 

Table S2. The APPLE&P lifetime of hydrogen bonds for OH- and water molecule in 

different AEMs (unit: ps). 

AEMs OH-(H2O)n H2O(H2O)n 

PPO-3C1 318.73 74.03 

PPO-2C1-C6 305.75 42.85 

PPO-2C1-EO 306.32 41.70 

PPO-3C3 305.54 42.12 

dilute water 13.51 2.05 

 

 

Table S3. The simulated ionic conductivities in different AEMs (unit: mS.cm−1). 

AEMS APPLE&P ReaxFF 

PPO-3C1 1.1 176.3 

PPO-2C1-C6 1.6 188.8 

PPO-2C1-EO 1.1 146.2 

PPO-3C3 0.65 118.3 
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