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1. Method
1.1 Fabrication and characterization of nanocomposite films
CNF dispersion was mixed with three types of MMTs samples (original bulk MMT, partially exfoliated MMTs and monolayer MMTs), followed by a mechanical stirring for 30min. Finally, the mixture was poured into a container and dried at 70 RH% and 40℃. MMT/CNFs nanocomposite films were fabricated by self-assembly. Specifically, CNF dispersion was mixed with monolayer MTMs suspension, followed by a mechanical stirring for 30min. Then, aqueous PEI solution with specific dosage was added dropwise at a stirring speed of 1000 rpm (0% PEI, 0.5% PEI, 1% PEI; related to total mass of film). Finally, the mixture was poured into a container and dried at 70 RH% and 40℃.
To describe the water vapor barrier property of MMT/CNF nanocomposite film, the cup method was performed to obtain the WVTR of samples. A cup filled with anhydrous calcium chloride (CaCl2) was sealed by MMT/CNF nanocomposite film, then the cups were put into a constant temperature and humidity chamber, and the mass of cups was measured for every 3 hours. Considering the diffusion of ions and small molecules (e.g. H2O, O2, and proton) in nanocomposite film was significantly affected by the relative humidity, the relative humidity of 90% at 23 °C, one of the testing condition recommended by the National Standard of China (GB1037), was selected in this work. WVTR is defined as Equation (S1):

                                 (S1)
1.2 QCM-D measurement.
The adsorption behavior between CNFC and monolayer MMTs reinforced by PEI was confirmed by a QCM-D (Q-Sense E1 instrument, Biolin Scientific, Sweden). PADC was used as cationic reagent to attach individual MMTs or CNFs on the surface of QCM-D crystal sensor, AFM was utilized to characterize morphology and roughness of the MMT coating.
The procedure of measuring the adsorption behavior among MMT-PEI-MMT, MMT-PEI-CNF, and CNF-PEI-CNF is as follows: deionized water was injected into the QCM-D flow module at a flow rate of 0.175 mL/min at room temperature. After the baseline stabilizes, 0.1% PEI solution or pure water was introduced in the system. When the measurement line stabilized, 0.1 wt% MMT suspension or 0.1 wt% CNF suspension was introduced to measure the reinforcement adsorption capacity of PEI between MMTs and between CNFs. 
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Figure S1 Top-view SEM images of CNF-based nanocomposite films with different MMTs samples: (a) original bulk MMTs; (b) partially exfoliated MMTs, and (c) monolayer MMTs. Note that unexfoliated bulk MMTs are marked with red circles.
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Figure S2 Schematic procedure of preparing MMT/CNF nanocomposite film with PEI
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Figure S3 Digital image of monolayer MMT/CNF nanocomposite film with 1 wt% PEI. 
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