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Introduction Connectivity of lonic Aggregates

Distance-based clustering algorithm®:
e Clusters were assigned using cutoff distances between hydrogen

Polymer electrolyte membranes (PEMs) are being explored as an ion-conductive
layer to use between the anode and cathode in fuel cells (Fig. 1). State-of-the-art

PEMs include perfluorosulfonic acid polymers, like Nafion, which have flexible Hydiogen Oxygen bonding O—0 and O-H pairs (Fig. 6)
backbones and side chains that readily form distinct ionic domains. However, they ¢ : @ « Aggregated became more fully percolated with increasing hydration

often suffer from high cost, reduced performance at high temperatures and low
water contents, and long-term degradation. Anode (-)

and sulfonation levels (Fig. 7, left)
* Almost all systems had a large percolated cluster containing nearly
& water all of the sulfonic groups (Fig. 7, right)
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Sulfonated Diels-Alder polyphenylene (SDAPP) is a promising alternative to Nafion.? RRESS

It has an aromatic backbone with six pendant phenyl groups per repeat unit, which Figure 1: PEM fuel cell®

Increasing hydration level

Increasing sulfonation level

provide up to six sites for post-sulfonation (Fig. 2). SDAPP forms thermally and 30 +' oo 12 g
mechanically robust membranes with high ionic conductivities and low methanol ;f, 251 - S=2 g 107 o8 m
crossover. 3 20 A S=4 L 2 08y
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In this work, we performed atomistic molecular dynamics (MD) simulations to study 8 . § 04
the nanoscale structure and morphology of the aggregated ionic domains formed in § : | § 0|
SDAPP. We systematically varied the sulfonation level as the number of sulfonate —f |
groups per monomer (S = 1, 2, 4) and the hydration level as the number of water %0 5 10 15 20 25 05 5 10 15 20 25
molecules per sulfonate group (A = 3, 5, 10, 20). Figure 2: Structure of SDAPP A A Figure 6: Snapshots of distance-based
Figure 7: Number of clusters (left) and fraction of SO, groups in largest cluster (right) clusters, each shown in a different color

Computational Methods
pu Size and Shape of lonic Aggregates

Structure generation: - . 5 based | -
.\ e nsity- terin rithm’:
* Initial structures built via Enhanced Monte Carlo* 2. Bé : £ 9o O enstty-based ¢ u§ © g 80 . _ . 3
+ 5 boxes with random initial configurations s> Q. y & ) % ‘ * Clusters were identified by regions of high local density separated %
o | ¢ by relatively large distances (Fig. 8 ; o g
« 70 SDAPP trimers, water and hydronium ions (Fig. 3) St Ba s c ‘ » >4 "’" 80< Y Y .g . : (. 8- 8) o : ‘
+ Equilibration at high temperatures and pressures g o8 ’ & . , * Aggregates maintained a similar number of ionic groups, but gained '
Box | e of 66.91 A d 1113 , , -0 g8 3 : U 2 water molecules at higher sulfonation and hydration levels (Fig. 9)
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5 ’ & (a) SDAPP * Aggregates grew only slightly in size and became more spherical in 3z 7 s
Simulation details: shape at higher sulfonation and hydration levels (Fig. 10) % g
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* MD simulations performed in LAMMPS> —e— S=1 2 £
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* 12 A short-range cutoff, long-range interactions via PPPM Figure 3: Molecules in atomistic simulations s S=4
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Local StrUCture Of IOnlc Domalns A A A Figure 8: Snapshots of density-based
Figure 9: Number of SO, (left), H;0 (center), and H,O (right) groups per cluster. clusters, each shown in a different color
Local structure around the sulfonate groups (Fig. 4):
» Sulfonate groups were more hydrated by water molecules with increasing sulfonation and hydration levels
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* Hydronium ions moved more often from the first to second solvation shell at higher hydration levels
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e Sulfonate groups moved further apart at higher hydration levels, but not at higher sulfonation levels ~ S=1.A=3 S=1.A=10 S=1.A=20
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Figure 10: 2D histograms of cluster shape k2 versus cluster size R, (left) and example shapshots (right)

Figure 4: Partial radial distribution functions varying the hydration level (top) and sulfonation level (bottom)

Local structure around the hydronium ions (Fig. 5):
* Hydronium ions were often coupled to one or more sulfonate groups at low hydration levels

* Hydronium ions were surrounded by more water molecules and fewer sulfonate groups at higher hydration levels Conclusions
00 0 25 At higher hydration levels:
g ] EE— S'_1 A'_m' Y EE— S'_1 /\'_20' ] | * Sulfonate groups were more well hydrated by water molecules
6. R IR I Q'p * Hydronium ions migrated out of the first hydration shell of sulfonate groups more often

* lon transport would be improved due to the reduced strength between the ionic groups
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o __ ____ __Fo{ R S & (A) Now- = 1, Neo = 2 (25%) * lonic domains were better connected and mostly fully percolated throughout the system
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e o S * lonic aggregates had a greater number of water molecules and were more spherical in shape
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s S=4,A=3 S=4,A=10 S=4,1=20 Q.Q * lon transport would be improved due to percolated ionic domains that are well hydrated
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