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Abstract. Gel based sensor for personal health monitoring and human–machine interaction has attracted enormous interests [1-5]. A seamless and tough interface to integrate incompatible/immiscible soft layers is highly desired for flexible/wearable electronics [6]. Here, we introduce a surfactant mediated interfacial chemistry (SMIC) to achieve seamless and tough interfaces in soft multi-layer structures, with an ultra-high interfacial toughness up to ~1300 J/m2 for the architectural gel hybrid (AGH). The reversible interfacial noncovalent interactions effectively dissipate the energy on interface to sustain an excellent durability with ~2% reduction in interfacial toughness after 1000 tensile cycles. This strategy can be universally applied to the hybrid systems with varied interfaces between interior hydrogel (PAA, PVA, PAAm, gelatin) and exterior hydrophobic soft matter (ionogel, lipogel and elastomer). The AGH based mechano-sensor presents remarkable robustness and stability in a wide range of conditions, i.e. open air, underwater, various solvents and temperatures. Epidermal bio-monitoring, tactile trajectory and facial expression recognition are demonstrated using the AGH sensor in various environments. A rich set of electrophysiological signals are acquired with robust and excellent quality. 

Introduction:
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK57][bookmark: OLE_LINK18][bookmark: OLE_LINK34]Complementary bio-structure with hydrophobic and hydrophilic components exists in nature to fulfill the fundamental functions in various length scales. Amphipathic lipid molecules forming cell membranes are examples at cellular level to ensure the metabolism. Whereas, mammalian skin integrating with the complementary units (oily hydrophobic epidermis and water-contained dermis) to facilitate the desired physiological function is another example at a macro level. Inspired by these bio-structures, hybrid integration of hydrogels with other incompatible/immiscible soft materials, including elastomer, lipid gel (lipogel) and ionic liquid gel (ionogel) is a promising strategy to realize multi-functions in a variety of applications, including responsive materials, soft electronics, biomedical lubrication and flexible actuators. However, the weak interface caused by the intrinsic incompatibility between hydrogel and other soft materials (interfacial toughness < ~1 J/m2), has severely hindered the practical implementation of concept.Effective bonding strategies between hydrogels and other soft materials has been extensively researched. Covalently anchoring long-chain hydrogel networks on solid substrates has secured an interface with a toughness comparable to tendon and bone tissues of human (~800 J/m2). Another method to construct an interfacial interpenetration structure, is to utilize hydrophobic and hydrophilic initiators to form a hydrogel layer on the elastomer surface. These reported strategies mainly focus on creating a hydrogel coating upon hydrophobic soft materials. On the other hand, the reciprocal strategy of controllably generating a hydrophobic layer on the hydrogel surface has not been well explored.

[bookmark: _Hlk96295914]Herein, we propose an interfacial strategy based on surfactant-mediated interfacial chemistry (SMIC) to controllably form a hydrophobic soft layer seamlessly on a hydrogel surface without compromising the homogeneity of either phase. The adsorbed surfactant micelles anchor the hydrophobic silane agents on the hydrophilic hydrogel surface and host the polymerization subsequently. This interfacial strategy achieves a tough interface (up to ~1,300 J/m2 in interfacial toughness), unique solvent resistance, and remarkable durability (~6.9% loss) after 10,000 stretching cycles. This SMIC approach works universally on the interfaces between various exterior soft materials (lipogel, ionogel and elastomer) and interior hydrogels. The exemplified architectural gel hybrid (AGH) can perform precise epidermal bio-monitoring at various environments (open air, different solvents and temperatures).  
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[bookmark: _Hlk120725967]Figure 1. Tactile sensing enabled avatar to reflect dynamic bio-physiological signal acquiring in real time. A) The schematic analysis on facial muscles that determine the expression and deployment of sensors on human face. B) Different expressions on a male volunteer’s face and the corresponding avatars. C) Corresponding sensing signals and detailed expression variations for (B). D) Snapshots of expressions on a female volunteer’s face and corresponding avatars. E) Snapshots of expressions on the male volunteer’s face underwater and the corresponding avatars. F) Outputted signal curves corresponding to these male expressions underwater. 
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