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1. Supplementary figures
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Supplementary Fig. 1 Structure of branched clusters. a QATYP. b QASFP. c QADFP. d QATCP. e QATMP. f QATBP.
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Supplementary Fig. 2 Boxes of branched clusters and water molecules. a QATYP. b QASFP. c QADFP. d QATCP. e QATMP. f QATBP. [image: ]
Supplementary Fig. 3 Inter-group distances in branched micro-clusters. a QATYP. b QASFP. c QADFP. d QATCP. e QATMP. f QATBP.
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Supplementary Fig. 4 1H-NMR NOESY spectrum of QATYP.
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Supplementary Fig. 5 RDFN-N of branched micro-clusters. a QATYP. b QASFP. c QADFP. d QATCP. e QATMP. f QATBP.
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Supplementary Fig. 6 Structural density analysis of branched clusters. a QATYP. b QASFP. c QADFP. d QATCP. e QATMP. f QATBP.
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[bookmark: OLE_LINK1]Supplementary Fig. 7 Cross-sectional view of branched clusters (number of branching sites = 3). a, d QATYP. b, e QATCP. c, f QATBP.
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Supplementary Fig. 8 Cross-sectional view of branched clusters (number of branching sites = 4). a, d QASFP. b, e QADFP. c, f QATMP.
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Supplementary Fig. 9 OH- 2D concentration distribution of branched clusters. a QATYP. b QASFP. c QADFP. d QATCP. e QATMP. f QATBP.
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Supplementary Fig. 10 Ion transport channel morphology of branched clusters. a QATYP. b QASFP. c QADFP. d QATCP. e QATMP. f QATBP.
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Supplementary Fig. 11 PMF of different branched clusters.
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Supplementary Fig. 12 Schematic graph of QAPPT and QATYP. a QAPPT. b QATYP.
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Supplementary Fig. 13 Boxes of QAPPT and QATYP and water molecules. a QAPPT. b QATYP.
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Supplementary Fig. 14 SR-dependent conductivity of different membranes.
[image: ] Supplementary Fig. 15 Resistance of different membranes.
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Supplementary Fig. 16 AEMWE tests of different membranes.
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Supplementary Fig. 17 Synthesis route of PTYP-x and QPTYP-x.
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Supplementary Fig. 18 1H-NMR of QAPPT and QPTYP-x.
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Supplementary Fig. 19 WU of QAPPT and QPTYP-x.
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Supplementary Fig. 20 SR of QAPPT and QPTYP-x.
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Supplementary Fig. 21 Conductivity of QAPPT and QPTYP-x.
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Supplementary Fig. 22 AFM images of QAPPT and QATYP. a QAPPT. b QATYP-5.
c QATYP-10. d QATYP-15.
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[bookmark: _Hlk215063015]Supplementary Fig. 23 g(r)N-H2O of QAPPT at different hydration numbers.
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Supplementary Fig. 24 g(r)N-H2O of QATYP-15 at different hydration numbers.
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Supplementary Fig. 25 g(r)N-H2O of QAPPT and QATYP-x at λ=5.
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Supplementary Fig. 26 g(r)N-H2O of QAPPT and QATYP-x at λ=20.
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Supplementary Fig. 27 Hydroxide ion channel morphology simulation of QAPPT and QATYP-x at different hydration numbers.
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Supplementary Fig. 28 Static structure factor of QAPPT and QATYP-x.
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Supplementary Fig. 29 Mechanical properties of QATYP-x.
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Supplementary Fig. 30 EIS of QATYP-15 at 60℃.
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[bookmark: OLE_LINK2]Supplementary Fig. 31 EIS of QATYP-15 at 80℃.
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Supplementary Fig. 32 I-V curves of QATYP-15 at 0.1M KOH.
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[bookmark: OLE_LINK5]Supplementary Fig. 33 I-V curves of QATYP-15 at 0.01M KOH.
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Supplementary Fig. 34 I-V curves of QATYP-15 at pure water.
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Supplementary Fig. 35 AEMFC performance of QATYP-15 at 80 ℃ with 1.5 bar back pressure, A/C for 75%/100% RH.
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