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FIG. S1. Schematic of reaction mechanisms 

As shown in FIG. S1, KH550 hydrolyzed to form hydroxyl groups, which react with the hydroxyl groups of HPT-SiO2, the surface of the HPT-SiO2 after modified with KH550 has rich of amino groups. And then treated glass was put in the beaker and 1ml 2.5% GA was added dropwise under stirring at 45 °C and kept for 2h to ensure the HPT-SiO2 adhere to substrate firmly. In this process, one aldehyde group of GA reacts with a hydroxyl group on the glass and the other reacts with an amino group on HPT-SiO2. Followed by FAS hydrolyzed to form hydroxyl groups, which condensed with the hydroxyl group on the surface of SiO2. The perfluoro long chain is grafted to the surface of SiO2，thus endowing it with low surface energy and providing conditions for matching the properties of lubricating oil. 
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FIG R2. Water contact angle and N, N- Dimethylformamide contact angle on the functionalization surface.
To indicate a successful fluorination, we carried out contact angle and the superficial free energy measurements using a Data Physics OCA20 analysis system at room temperature (approximately 20℃). Water contact angle (WCA) on the functionalization surface is 162° while N, N-Dimethylformamide contact angle (DMFCA) is 24.16°, as shown in FIG. S2. The superficial free energy after calculation is 131.43 mN/m.
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