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S.1 Definition of repeat units

‘[(CFZ)"‘_ CF_(CFZ)n} {(CF2)m_ CF_(CF2)n}

0 0]
CF, (CF2)2
(a) CF3—CF—0——CF,SO3H (b) SOsH

Fig. S.1 The structures of repeat units of: (a) Nafion EW=1244 and (b) Aquivion EW=828. The EW is

determined by the selection of m and n, where m = 8 and n=7.



S.2 Optimized structures of the repeat units

S.2.1 Coordinates of Nafion with defected helical conformation

Atom

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

X (A)
-0.21900800
0.42549700
-0.26677500
0.58027000
-0.22814100
0.69055600
-0.04557400
0.71798400
0.03897800
0.62595800
-0.25651900
0.53320000
-0.38075700
0.37279600
-0.36153600
0.17149700
-1.51869800
-0.07749600
1.71679200
0.37834600
-1.44864900
-0.49889300
1.59799900
1.08048500
-1.00034300
-1.01859700
1.19070800
1.70112200
-0.24472100
-1.24268000
0.66403900

Y (A)
-0.30371000
0.25883600
-0.18722800
0.10255800
-0.00590200
-0.12392500
0.16705200
-0.33183800
0.19670700
-0.34030900
-0.00758000
-0.12286600
-0.22777100
0.08129300
-0.42548000
0.19141400
0.00280500
-1.62679800
-0.14576200
1.60730500
0.46584000
-1.51886500
-0.78755400
1.35568700
1.09781400
-1.10185800
-1.37980400
0.76551800
1.49904000
-0.46475800
-1.68657900

Z(A)
0.07641900
1.37908200
2.70783700
3.99308100
5.33420600
6.60197300
7.95653400
9.25059600
10.57898500
11.93130600
13.19018500
14.54148600
15.81049200
17.14982700
18.43207700
19.76188500
0.02709600
-0.00000300
1.39968800
1.30192200
2.80523100
2.64675300
4.03097600
3.90535300
5.45300200
5.28049800
6.63504500
6.47637600
8.03909700
7.92509200
9.24078800
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0.15518200
-1.27301600
0.74957700
1.84664100
-0.73138900
-1.29430100
1.31323900
1.31431300
-1.40057900
-0.87824700
1.59209600
0.52596000
-1.67812300
-0.21305300
1.50570200
-0.21410100
0.38885800
-0.30586300
4.36221300
2.03614900
5.58119500
3.14998500
6.69671700
3.96533800
5.74860200
3.40323200
5.36562000
3.01943000
4.70588800
5.28121300
6.04041700
6.17290500
4.34319000

6.79249600

1.54142000
-0.14431600
-1.68336800

0.22160700

1.25340500
-0.87444000
-1.22716000

0.97513800

0.65228700
-1.48409300
-0.50466600

1.42274100
-0.12462300
-1.76525000

0.13109500

1.46139600

0.21560900
-0.48125900

0.31453200

0.16946100
-0.46670100
-0.62456700

0.25576500

1.19141600
-1.66549100
-1.34535200
-0.64778000
-1.49817500

1.13893900

0.75120100
-0.35160200

1.93522200

0.51493000

1.74329000

10.59709600
10.54013500
11.86993100
12.10772600
13.08964800
13.21523200
14.49685300
14.66303600
15.68899900
15.86969600
17.11059700
17.24643300
18.33599500
18.51045700
19.80650400
19.88410200
-0.99005100
20.81288600
9.65612900
9.19493700
10.27225100
9.35020100
10.11615300
10.60802800
9.70158500
8.23679800
11.57883700
10.37364900
8.57138900
7.38238800
7.49576400
6.91809200
6.44354400

5.15243700
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S.2.2 Coordinates of Nafion with H136 helical conformation

Atom

C
C
C
C
C
C
C
C
C
C
C
C
C
F
F
F
F
F
F
F
F
F
F
F
F

7.23873400
5.47247100
5.70759100
7.53252700
7.87581500

7.46075400

X (A)

2.01841600
3.08167100
2.09291200
0.50060100
2.96575200

3.72945900

Y (A)

7.727777600
6.96589700
4.24689300
5.08261400
5.15217000

4.70555200

Z(A)

0.74820100 0.02745000 7.88231000

0.50182200
0.19682300
0.05330300
0.09112400
0.02803500
-0.05929900
-0.21611600
-0.32732800
-0.16514100
0.05329100
0.48048900
0.72205400
1.63487400
0.71793400
-0.33886500
-0.93960100
-1.11272000
-1.30889100
-1.14648400
-0.85714800
-0.28174400
0.60276200
1.23440300

1.82427400

0.47539700
0.67615800
0.43911200
0.41927100
0.35167100
0.16887100
0.12687700
0.05996900
-0.19263500
-0.43910200
-0.36963400
-0.19047000
1.05188000
1.80967200
1.91003100
1.34609700
0.98517100
0.19174000
-0.63052600
-1.05510800
-1.29040400
-1.31078800
-1.08210000

-0.52853300

5.28754400
2.68742900
0.00001500
14.41804400
11.81951400
9.22455400
6.63678100
4.03366300
1.45524300
15.74419200
13.12881300
10.52687300
7.82801200
5.25554700
2.54850100
-0.08700300
14.20283700
11.69043500
9.15035100
6.50957400
3.95271000
1.51095900
15.65890300

13.09447700
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1.96169700
1.69061900
1.54600000
1.23440100
1.01215200
0.31754900
-0.44910000
-1.13089400
-1.61032500
-1.47260800
-0.93959700
-0.11238700
0.81816900
1.34500900
2.87228300
4.37644800
2.69200300
4.52244800
2.23355800
5.20460400
3.17392800
4.71447800
3.43365900
2.21540900
2.51358800
3.81473000
2.13540200
1.79081200
2.17841900
3.00128800
0.88499200
0.98771700
3.52544300

1.98223200

0.34933400
-0.16857800
0.78729000

1.08209900

1.39810200

1.66884800

1.46231600

1.09774800

0.45209300
-0.55519600
-1.34611700
-1.58523200
-1.53531800
-1.24759400
-2.89519400
-3.20370500
-1.53119600
-4.51753400
-2.78721500
-2.82286900
-1.63378100
-2.54870800
-0.60741200
-3.96742100
-4.50441800
-4.39488800
-6.00883500
-3.91667600
-6.86112500
-6.63703300
-6.14465100
-6.47195900
-6.74197200

-8.39773000

10.45410600
5.22865600
2.74792100
0.08529800

14.62259900

11.93018200
9.32884300
6.86038100
4.20582400

1.55249300

15.83119300
13.17222800
10.61509300
7.82409300
7.07329300
6.73033200
7.81695900
6.51980800
5.88405700
7.71004900
9.07580300
5.61516600
7.17534200
7.70159800
8.93118700
9.25356800
8.86040000
9.90621600

10.53646100
8.05188700
8.38493200
11.27799700
11.05426400

10.01797500



S.2.3 Coordinates of Aquivion with defected helical conformation

Atom

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
F
F
F
F
F
F
F
F
F
F
F
F
F
F

1.04122800 -8.63301900 10.13667400

X (A)
-0.21900500
0.43901600
-0.35206400
0.52913700
-0.28777500
0.54787400
-0.00024900
0.72683000
-0.10677800
0.63966800
-0.30833400
0.45486800
-0.37983300
0.26545500
-0.34479300
0.17149600
-1.51869900
-0.07749700
1.67212500
0.56113700
-1.37013900
-0.85923900
1.26776700
1.35226700
-0.69983600
-1.36957300
0.54176300
1.82270000
0.12093500

-1.31275800

Y (&)
-0.30371200
0.23909100
-0.06965400
0.01836800
0.17919800
-0.20353000
0.41185500
-0.06787100
0.28398700
0.04250800
-0.03597900
0.12635900
-0.27448200
0.20526300
-0.43412300
0.19141100
0.00280500
-1.62679700
-0.31601200
1.57835300
0.81586500
-1.32187200
-1.11262800
1.08716900
1.46285400
-0.63089000
-1.54936900
0.22345300
1.75708700
0.08732400

Z(A)
0.07641500
1.38050000
2.69381200
3.98518200
5.31399000
6.59349200
7.93061500
9.25035800
10.56039400
11.91948700
13.16979000
14.53088600
15.79639600
17.14215300
18.42998700
19.76188900
0.02709600
-0.00000200
1.46442800
1.26156400
2.78702500
2.61522000
4.05862400
3.87446500
539512900
5.26711200
6.67982100
6.41988600
7.85854500

8.00731600
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S.2.4 Coordinates of Aquivion with H136 helical conformation

Atom

0.77368700
-0.53119400
-1.18750200

1.32784100

1.50416200
-1.22948200
-0.92999900

1.55996000

0.82085700
-1.61124400
-0.49324000

1.58638100

0.10993600
-1.68999200
-0.03284000

1.50570200
-0.21410000
0.38885700
-0.30586300

2.08420800

2.67529900

1.79976800

3.49304500
3.54989300
4.79693100
2.67181000
4.14096000

5.95654700

4.11400000

5.16851700

6.00629800

X (A)

-1.42254000
1.56304600
-0.53419100
-1.11657400
1.06528900
0.94952500
-1.23587300
-0.65365700
1.42223900
0.27630900
-1.62142200
-0.09079600
1.54669300
-0.29160600
-1.74860400
0.13109600
1.46139700
0.21560900
-0.48125800
0.31211300
1.53925100
2.49614000
2.01830200
1.36925800
3.30169800
2.58212900
0.98125400
2.61334300
4.39205300
3.79949800
3.36593200

Y (A)

9.22155800
10.51422400
10.54932500
11.83506200
12.11749000
13.07747900
13.16166300
14.49149100
14.65587100
15.69623500
15.82206300
17.11390700
17.22825700
18.39219000
18.45691000
19.80650300
19.88410100
-0.99004900
20.81288400
9.23599400
9.48725800
9.82103800
8.24947700
10.49966700
8.70616300
7.35224500
7.69450600
9.25436200
9.37165000
7.19478300
6.93969600

Z(A)
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0.61918800
0.41887500
0.17810800
0.05330400
0.09324400
-0.01971000
-0.18267400
-0.33052100
-0.35188300
-0.16309000
0.05328300
0.44989700
0.63266600
1.43100600
0.56188100
-0.36898400
-0.93960300
-1.09976300
-1.36145100
-1.26625000
-1.02735300
-0.24846200
0.62100500
1.23440500
1.79081600
1.88293600
1.64366800
1.52522500
1.23440100
1.03806500
0.29167400
-0.58811400
-1.21110700

-1.65414700

0.11822200
0.57771700
0.69639200
0.43912000
0.42051300
0.35705000
0.20752500
0.22871000
0.09101200
-0.18854600
-0.43910300
-0.37341300
-0.18522100
1.20595400
1.92023900
1.92353000
1.34609600
1.01361800
0.21435400
-0.59699800
-0.92243700
-1.25701700
-1.29396400
-1.08210000
-0.54937800
0.31903300
0.00541000
0.82203900
1.08209600
1.37853200
1.66940000
1.49064500
1.22679900

0.43660000

7.88231700
5.29281500
2.68303400
0.00002600
14.41850500
11.82406800
9.23411100
6.63297900
4.02909700
1.45585300
15.74418400
13.12189000
10.51123200
7.84000900
5.22972100
2.52733500
-0.08700500
14.21901400
11.72528200
9.15893700
6.49370000
3.98414600
1.52349200
15.65890700
13.06321300
10.41483800
5.29456300
2.75750300
0.08529700
14.61341200
11.93377100
9.38367000
6.86900400

4.16222000
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-1.46545700
-0.93959600
-0.15547100
0.69856800
1.50662400
1.22576600
0.12445400
2.46027000
1.06549500
2.41951700
2.50794800
3.58487400
2.81499200
1.20497300
3.66459100
4.45101800

-0.57039900
-1.34612800
-1.58269900
-1.53526100
-0.97928500
-2.28516400
-2.74697200
-3.11579200
-2.45879200
-4.88646400
-3.16233000
-2.55464800
-4.87820400
-5.50233200
-5.47427600
-5.49703600

1.54810900
15.83118900
13.17404100
10.58428900

7.88328800

7.55894500
8.17478700

8.01042500
6.22791800
7.37018700
9.34830100
7.53314700

5.96924500

7.86238800

8.24986200

7.67027100
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