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Supplemental Figure S1. Tapping-mode AFM image and height profile of MG.



Supplemental Figure S2. XRD of graphene oxide (GO), reduced graphene oxide (rGO) and 
modified graphene (MG). 



Supplemental Figure S3.TEM of cross-sectional epoxy/MG films (3.6 vol%) at different regions.



Supplemental Figure S4. DMA of neat epoxy and epoxy/MG (1vol.%) bulk samples.



Supplemental Figure S5. SEM of epoxy/MG (3.6 vol%) film surface 



Supplemental Figure S6.Photograph of epoxy/MG (7.5 vol%) film on PI substrate.  



Supplemental Figure S7. GISAXS 2D diffractograms of epoxy/MG nanocomposite films at (a) 

0.6 vol.%, (b) 2.4 vol.%, (c) 3.6 vol.%, and (d) 5.5 vol.% ZrP. (e) GISAXS 1D diffractogram 

spectrum of epoxy/MG films at various concentrations. 
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Supplemental Figure S8. FTIR of epoxy/MG before and after heating at 180 ºC for 4hrs. The 
C=O stretch is observed at 1606 cm-1  in the -COOH group on MG surface, and it shifts to 1609 
cm-1 in the ester group formed by reaction with epoxy. 



Supplemental Figure S9. Transmittance spectra of epoxy/MG films at various MG 
concentrations, illustrating a decreased transparency with increased MG loadings.
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Supplemental Table S1 List of permeability models for polymer nanocomposites. 

Note: The Nielsen, Cussler and Bharadwaj models can be viewed as 3D models if the fillers are 
considered to be ribbons with infinite length. The order parameter S = −1/2, when the ribbons are 
normal to the membrane; S = 1, when the ribbons are parallel to the membrane surface; S = 0, 
when the ribbons are randomly oriented. 
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