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Fig. S1. Schematic of low-dimension (1D and 2D) structures for proton conduction.



Fig. S2. Photos of GO and DGO powders.



Fig. S3. AFM images and the corresponding height profiles of GO and DGO nanosheets.
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Fig. S4. XRD patterns of GO and DGO nanosheets.
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Fig. S5. XPS spectra of GO and DGO nanosheets.
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Fig. S6. FTIR spectra of GO and DGO nanosheets.
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Fig. S7. XRD patterns of the membranes.
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Fig. S8. Cross-sectional SEM images of GO, DGO, and SDF-4 membranes.



Fig. S9. TEM image of DGO nanosheet.
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Fig. S10. FTIR spectra of the membranes.
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Fig. S11. Nitrogen adsorption/desorption isotherms and surface area of the membranes.
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Fig. S12. TGA curves of a) membranes and b) PQD.
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Fig. S13. Water contact angle of the membranes.
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Fig. S14. Photos of the stability of GO, SDF-1, SDF-2, and SDF-3 membranes under ultrasonic
treatment for 4 h.
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Fig. S15. Photos of the stability of GO, DGO, and SDF-4 membranes soaking in water at pH=7
for different time.
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Fig. S16. Zeta potential of the DGO aqueous solution (1 g L!) and the PQD aqueous solution (1 g
L) with pH of 2-10 (insets are the photographs of PQD solution (1), DGO solution (2), and the
mixed solution of PQD and DGO (3)).
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Fig. S17. Photo of the stability of DGO/PQD membrane soaking in water for 2 d.
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Fig. S18. Photos of the stability of SDF-4 membrane in different pH aqueous solutions for 14 d.
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Fig. S19. Stress-strain curves of the membranes.
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Fig. S20. Tensile strength and elastic modulus of SDF-1, SDF-2, and SDF-3 membranes.
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Fig. S21. The mechanical properties of the membranes (inset is a paper cranes folded with SDF-4

membrane).
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Fig. S22. Temperature-dependent vertical proton conductivities of the membranes under 100%
RH.
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Fig. S23. Arrhenius plots of vertical conductivity under 100% RH and the related activation

energy values.
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Fig. S24. Powders, tableting, and fluorescence effect of solution under daylight and 365 nm UV of
a) PQD and b) C-PQD.
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Fig. S25. Temperature-dependent proton conductivities of PQD and C-PQD under 100% RH.
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Fig. S27. Humidity-dependent vertical proton conductivities of the membranes at 80 °C.
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Fig. S28. Water uptake of the membranes at 30 °C.
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Fig. S29. Time-dependent vertical proton conductivities of the membranes at 80 °C.
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Fig. S30. /EC values of the membranes.
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Fig. S31. Temperature-dependent vertical conductivities of DGO, SDF-1, and SDF-4 membranes
under anhydrous conditions.
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Fig. S32. a) Temperature-dependent horizontal conductivities of the membranes under 100% RH.

b) Arrhenius plots of horizontal conductivities under 100% RH and the related activation energy

values.
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Table S1. The recipe and calculated PQD content in SDF membranes, and the average thickness

of as-prepared membranes

Solution concentration (mol'L™Y) Char vield PQD content Thickness

Sample DETA CA (%) (Wt %) (um)

GO i i i i 1522
DGO i i 37.76 i 16+1
SDF-1 0.005 0.005 36.92 8.9 1843
SDF-2 0.01 0.01 36.00 17.7 1722
SDF-3 0.025 0.025 35.67 221 18+2
SDF-4 0.016 0.016 35.23 26.6 2043
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Table S2. Comparison of mechanical properties of SDF membranes with other GO-based

membranes
Tensile Elongation at break Young's Toughness
Membrane strength (MPa) (%) modulus (GPa) (MJm™) Ref.
GO paper 58.61 0.76 8.21 0.23 -
GO-MMT 1123 1.45 13.74 0.988 [1]
GO-Borate ~160 ~0.24 - - [2]
GO-GA ~101 ~0.4 ~304 ~0.3
[3]
GO-GA-H:0 ~93 ~1.3 ~144 ~0.8
GO-Ca*™ 134.8 0.68 28.1 -
i [4]
GO-Mg™ 124.9 0.47 30.5 -
GO-PAA 91.9 0.32 - 0.18 [5]
GO-PVA 71 0.27 27.6 0.1
[6]
GO-PMMA 1483 3.17 75 235
GO-PCDO ~106.6 ~4.5 - ~2.52 [7]
GO/SGQD-PA-100 ~55 - - - [8]
PGO 29.1 16.4 0.73 - [9]
PGO-PEI 185.3 0.238 86.34 - [10]
rGO paper 150 0.83 - 0.62 [11]
rGO-PCDO ~129.6 ~6.9 - ~3.91 [7]
rGO-PVA 188.9 2.67 10.4 - [12]
rGO-SF 153 2.8 13 26 [13]
rGO-PAA ~309.57 ~8.4 ~4.57 ~8.88 [14]
DGO 79.35 0.85 8.89 0.41
SDF-1 123.88 1.04 10.94 0.8 This work
SDF-4 166.56 1.12 15.22 1.12
- Not reported
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Table S3. Comparison of proton conductivities of SDF membranes with other GO-based

membranes
Horizontal ~ Vertical
nethod Samples conditions  conductviy condueiy coeficiont Tt
(mS-cm) (mS-cm?)
GO nanosheet 85 °C, 100% RH, 150 - - [15]
GO pellet 60 °C, 0% RH, - ~0.08 -
Tabletting
GO/HBS pellet 60 °C. 0% RH. - ~0.36 - [16]
GO/ABZ pellet 60 °C, 0% RH, - ~0.59 -
SP-SGO membrane 150 °C. 0% RH - 21.9 - [17]
Nafion/PGO membrane 80 °C, 40% RH - 44.1 - [18]
CS-PGO-2.5 membrane 45 °C,100% RH - 31 - [19]
Solution casting SPEEK/DGO-10 membrane 30 °C,100% RH - 264 - [20]
method Nafion@3D sGO-3.6 membrane 80 °C, 98% RH 330 290 11 a1
SPEEK@3D sGO-2.4 membrane 80 °C, 98% RH 300 270 1.1 1]
Fe,0,-sGO/PVA membrane 25 °C, 100% RH - 64 - [22]
AQSA-GO membrane 25 °C. 100% RH 30 6 5.0 [23]
Spray painting GO membrane 70°C.100% RH  49.8 0.5 99.6  [24]
method
Blo%lagléﬁ?llllgilo d Single-layer GO membrane 25 °C, 90% RH 0.2 - - 25
lzru(;%;g?t Multilayer GO membrane 25 °C, 60% RH 04 - -
GO-MPS membrane 30 °C, 100% RH 2.09 - -
PGO membrane 80 °C. 51% RH 32 - - ol
N-stGOM membrane 80 °C, 95% RH 580 - - [26]
OGO membrane 45 °C, 100% RH 230 - - [27]
{HgBi12016}/GO membrane 80 oibif&t?gﬁeous 564 - - [28]
Vacuum filtration SGO membrane 30°C.100% RH 40 12 33 [29]
GO/SGQD-PA-100 30 °C, 100% RH 159 ~4.2 ~37.9 [8]
GO/MMT/SPVA-30 membrane 30 °C. 100% RH 92.1 - - [1]
DGO membrane 80 °C, 100% RH 85 4.9 17.3 _
SDF-1 80 °C. 100% RH 98.6 36.8 2.7 \zgﬁc
SDF-4 80 °C, 100% RH 1353 54.6 2.5

- Not reported
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Table S4. Comparison of proton conductivity and mechanical property of SDF membranes with
other GO-based membranes

Proton conductivity Tensile strength Ref

Membranes Testing conditions (mS-cm™) (MPa)
Spray-painted GO 70 °C, 100% RH 0.5 54.5 [24]
GO 70 °C, 100% RH 0.55° ~56 [30]
DGO 80 °C, 100% RH 4.9 79.35 -
GO laminate
PGO 80 °C, 51% RH 32° 29.1 [9]
SGO 30 °C, 100% RH 122 ~20 [29]
GO/SGQD-PA-100 30 °C, 100% RH ~4.2% ~55 [8]
SP-SGO 150 °C, 0% RIL 21.9° 36.6 [17]
CS-PGO 45 °C,100% RH 31° 51.5 [19]
SPEEK-DGO 30 °C,100% RH 26.4% 575 [20]
Pol -GO a
OVIer Fe,0,-sGO/PVA 25 °C, 100% RH 64 ~762 [22]
composite
SPEEK-ASPGO 80 °C, 100% RH ~110° ~41 [31]
SP/I-P-@SiGO 120 °C, 0% RH 4.3 ~40 [32]
CS/S4GO 120 °C, 0% RH 10.9* 853 [33]
Comumercial Nafion 117 30 °C, 100% RH 76.8° 25 [9]
Nafion
_ o] 0 a
Sheet-dot SDF-1 80 °C, 100% RH 36.8 123 .88 .
framework This work
SDF-4 80 °C, 100% RH 54.6° 166.56

a vertical proton conductivity; ® horizontal proton conductivity
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