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            Abstract
Creating a robust synthetic surface that repels various liquids would have broad technological implications for areas ranging from biomedical devices and fuel transport to architecture but has proved extremely challenging1. Inspirations from natural nonwetting structures2,3,4,5,6, particularly the leaves of the lotus, have led to the development of liquid-repellent microtextured surfaces that rely on the formation of a stable airâ€“liquid interface7,8,9. Despite over a decade of intense research, these surfaces are, however, still plagued with problems that restrict their practical applications: limited oleophobicity with high contact angle hysteresis9, failure under pressure10,11,12 and upon physical damage1,7,11, inability to self-heal and high production cost1,11. To address these challenges, here we report a strategy to create self-healing, slippery liquid-infused porous surface(s) (SLIPS) with exceptional liquid- and ice-repellency, pressure stability and enhanced optical transparency. Our approachâ€”inspired by Nepenthes pitcher plants13â€”is conceptually different from the lotus effect, because we use nano/microstructured substrates to lock in place the infused lubricating fluid. We define the requirements for which the lubricant forms a stable, defect-free and inert â€˜slipperyâ€™ interface. This surface outperforms its natural counterparts2,3,4,5,6 and state-of-the-art synthetic liquid-repellent surfaces8,9,14,15,16 in its capability to repel various simple and complex liquids (water, hydrocarbons, crude oil and blood), maintain low contact angle hysteresis (<2.5Â°), quickly restore liquid-repellency after physical damage (within 0.1â€“1â€‰s), resist ice adhesion, and function at high pressures (up to about 680â€‰atm). We show that these properties are insensitive to the precise geometry of the underlying substrate, making our approach applicable to various inexpensive, low-surface-energy structured materials (such as porous Teflon membrane). We envision that these slippery surfaces will be useful in fluid handling and transportation, optical sensing, medicine, and as self-cleaning and anti-fouling materials operating in extreme environments.
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                    Figure 1: 
                        Design of SLIPS.
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Figure 2: 
                        Omniphobicity and high-pressure stability of SLIPS.
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Figure 3: 
                        Self-healing and optical transparency of SLIPS.
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Figure 4: 
                        Repellency of complex fluids, ice and insects by SLIPS.
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Supplementary Movie 1
This movie demonstrates the liquid repellency of a SLIPS under extremely high pressure (Ëœ675 atm) environment. As seen from the movie, a droplet of decane (Ëœ 4 ÂµL) retains the ability to slide on the SLIPS when the surface is tilted less than 10 degrees relative to the horizontal plane. (MOV 3478 kb)


Supplementary Movie 2
This movie demonstrates the fast recovery of the liquid-repellent function of a SLIPS after critical physical damage. As seen from the movie, the crude oil droplet is pinned on a nanostructured superhydrophobic surface (without lubricating fluid), while the droplet maintains its mobility on the SLIPS. Extra-light crude oil (from Appalachian Basin, USA) was used as the test liquid for demonstration. (MOV 7249 kb)


Supplementary Movie 3
This movie demonstrates the excellent oil repellency of a SLIPS, as compared to other textured and non-textured surfaces. As seen from the movie, oils slide faster on the SLIPS leaving behind no noticeable oil, whereas oil stains are observed on the other surfaces. Light crude oil (from Louisiana, USA) was used as the test liquid for demonstration. This movie corresponds to Fig. 4a in the main text. (MOV 5108 kb)


Supplementary Movie 4
This movie demonstrates the excellent blood repellency of a SLIPS, as compared to other textured and non-textured surfaces. As seen from the movie, no noticeable blood is left on the SLIPS, whereas blood stains are observed on the other surfaces. Sheep blood (HemoStat Laboratories, CA) was used as the test fluid. This movie corresponds to Fig. 4b in the main text. (MOV 4705 kb)


Supplementary Movie 5
This movie demonstrates the excellent ice-repellency of a SLIPS, as compared to a nanostructured surface. As seen from the movie, an ice block (formed from a frozen water droplet of Ëœ100 ÂµL at â€“4 Â°C and Ëœ45% relative humidity) slides on the SLIPS under the influence of gravity. In comparison, an ice block of the same volume remains strongly pinned on a superhydrophobic nanostructured surface without a lubricating layer. This movie corresponds to Fig. 4c in the main text. (MOV 4671 kb)


Supplementary Movie 6
This movie demonstrates the ability of a SLIPS to repel an insect and a highly viscous fluid (i.e., strawberry jam). As seen from the movie, a carpenter ant is unable to stay on our synthetic slippery surfaceâ€”a direct mimicry on the insect-trapping capability of pitcher plants in nature. This movie corresponds to Fig. 4d in the main text. (MOV 7307 kb)


Supplementary Movie 7
This movie demonstrates the self-cleaning ability of a SLIPS. As seen from the movie, carbon dust is seeded onto the SLIPS and can be easily removed by sliding an ethanol droplet across the surface. This movie corresponds to Fig. S7a in the Supplementary Information. (MOV 5003 kb)
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The surface that hates almost everything
Inspired by the insect-eating Nepenthes pitcher plant, which snares its prey on a surface lubricated by a remarkably slippery aqueous secretion, Joanna Aizenberg and colleagues have synthesized omniphobic surfaces that can self-repair and function at high pressures. Their 'slippery liquid-infused porous surfaces' (or SLIPS) exhibit almost perfect slipperiness towards polar, organic and complex liquids. SLIPS function under extreme conditions, are easily constructed from inexpensive materials and can be endowed with other useful characteristics, such as enhanced optical transparency, through the selection of appropriate substrates and lubricants. Ultra-slippery surfaces of this type might find application in biomedical fluid handling, fuel transport, antifouling, anti-icing, optical imaging and elsewhere.
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