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1. Diffusivity and solubility of oxygen for pure PI films.

Figure S1 The diffusivity and solubility of oxygen (O2) for pure PI films.

It was reported by Lim et al 1 that gas permeability (P) was correlated with diffusivity (D) 

and solubility (S) which could be expressed as follows:

𝑃 = 𝐽𝑠𝑑 = 𝑆𝐷  
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Where Js and d represented the gas molar flux at a certain time at steady state and the film 

thickness, respectively. Herein, the effect of diffusivity and solubility on the oxygen 

permeability of pure PI films was examined. It should be noted that D0 and S0 referred the 

diffusivity and solubility of PMDA/ODA. As shown in Figure S1, the value of D/ D0 and S/ S0 

exhibited a drastic reduction with an increase of PRD content, suggesting the dense packing of 

rigid-rod molecular chains contributed to the reduction of both diffusivity and solubility, 

resulting in great oxygen barrier performance. Additionally, as the PRD content increased, the 

decline of diffusivity was much more prominent than that of solubility for PI films, indicating 

the former performed a dominant role in the reduction of oxygen permeability.

2. The crystallinity (Xc) of pure PI films

Figure S2 The crystallinity (Xc) of pure PI films.

The crystallinity (Xc) was calculated as follows:2

      (2)
𝑋𝑐 =

𝐴𝑐

𝐴𝑐 + 𝐴𝑎
× 100%

Where Ac and Aa were the crystallization peak area and the amorphous peak area, respectively. 

As depicted in Figure S2, with the incorporation of PRD, the crystallinity (Xc) was obviously 

increased from 24.3% to 44.2%, which conformed well to the reduction of gas permeability.



Figure S3 TEM image of PI nanocomposite films at a loading of 3.0% OLDH (PIL-3.0).

Figure S4 TEM image of PI nanocomposite films at a loading of 1.0% GO (PIG-1.0).



Table S1 Oxygen permeability P(O2) of various polymer naonocomposite films.

Sample Filler 

Type

Filler 

Content

P(O2)

(cm3 mm m-2 day-1 atm-1)

Percentage of

P(O2) Reduction

References

PET/LDHs-m5 LDH 5% 2.0 48.7% Gao et al 3

LLDPE/MMT93 A MMT 5% 109.08 57.9% Kalendova et al 4

PET/h-BN h-BN 3% 1.48 70% Xie et al 5

PVC/DOP+MMT30B MMT 10% 61.43 42.3% Kalendova et al 4

LDH@PDA/PCL LDH 7% ~60 46.0% Mao et al 6

PI/MMT MMT 3% 10.57 69.2% Huang et al 7

PDMS/GO GO 8% 236.39 71.7% Park et al 8

PLA/GOQD0.05 GOQD 0.05% ~14 45.7% Xu et al 9

PHBH/SiO2 SiO2 2.5% 6.58 46.7% Qiu et al 10

PI/OLDH (PIL) OLDH 3% 0.345 78.1% our work

PI/GO (PIG) GO 0.3% 0.228 85.5% our work
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