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Graphical Abstract

Learning from nature, a series of bio-inspired cellulose materials are constructed for potential applications of
water-harvest, sensing, encryption and anticounterfeiting.

Cellulose

Abstract

As the oldest and most abundant biomacromolecule on earth, cellulose has been used as one of the
earliest materials by humankind. Because of wide resources, renewability, and sustainability, it has
been regarded as the one of the best candidates to replace petroleum-derived materials that have caused
serious environmental problems, and currently its applications have been extended widely to
biomedical, energy, electronic and environmental areas. However, how to mimic natural designs and
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functions of existing amazing spices/phenomena, developing new functional cellulose materials, still
needs to be concerned. Here, we present some examples reported by our group in recent years. To
address the global water shortage issue, learning from the fog-harvesting skill of Namib desert beetle,
a cellulose-based superhydrophilic/superhydrophobic patterned film, on which nano-TiO2 works as
the hydrophilic region to catch water while hydrophobically modified nano-Ag behaves to induce the
rolling of water droplets, is constructed. 1043 mg cm2 h™! of the water collection efficiency as well
as high antibacterial performance is achieved using such film. Considering the long-term application,
a nepenthes pitcher plant-inspired slippery liquid-infused porous surface with high stability is
developed through synergistical construction of regular micro-pincushion and nanoparticles on a
cellulose film. Such film can collect water continuously and stably from air. On the other hand, to
biomimic structural colors in nature as well as color changes responsive to environmental stimuli, a
highly flexible, controllably iridescent, and multistimuli-responsive cellulose nanocrystal (CNC) film
is prepared through the co-assembly with glycerol, a small molecule acting as plasticizer and
hygroscopic agent. The presence of glycerol results in the enhanced mechanical toughness, making it
possible to prepare free-standing iridescent CNC films with tunable structural colors. Upon exposure
to different environmental humidity and mechanical compression, such films can change colors in
terms of self-adjusted chiral nematic structures. Furthermore, inspired by the elastic skin of
chameleons, a polymeric network is constructed in the assembled CNC structure, fabricating free-
standing and flexible structural-color films with a fracture strain of 39%. Notably, the CNC film shows
reversible structural-color change upon stretching. The elastic film also displays humidity- and
compression-triggered color changes that enable potential encryption and anticounterfeiting
applications.
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