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Both plants and animals possess analogous tissues containing hierarchical networks of pores, with pore size ratios that have evolved
to maximize mass transport and rates of reactions. The underlying physical principles of this optimized hierarchical design are
embodied in Murray’s law. However, we are yet to realize the benefit of mimicking nature’s Murray networks in synthetic materials
due to the challenges in fabricating vascularized structures. Here we emulate optimum natural systems following our generalized
Murray’s law (Law of Hierarchizing). Such bio-inspired materials, whose pore sizes decrease across multiple scales and finally
terminate in size-invariant units like plant stems, leaf veins and vascular and respiratory systems provide hierarchical branching
and precise diameter-ratios for connecting multi-scale pores from macro to micro levels. Our Murray material mimics enable highly
enhanced mass exchange and transfer in liquid-solid, gas-solid and electrochemical reactions and exhibit super performance in
photocatalysis, gas sensing and as Li-ion battery electrodes.

A 5 R - 5

A o 1 0 P2

References:

[1] Su et al. “Hierarchically Structured Porous Materials: from Nanoscience to Catalysis, Separation, Optics, Energy and Life Science”, Wiley-VCH, Weinheim, 2011.
[2] Zheng et al. Nature Commun. 2017, 8, 14921.

[3] Sun et al. Chem. Soc. Rev., 2016, 45, 3479-3563.

[4] Yang et al. Chem. Soc. Rev., 2017, 46, 481-558.

[5] Sun et al, Matter, 2020, 3, 1226-1245.

[6] Sun et al, Angew. Chem. Int. Ed., 2020, 59, 19582-19591.

[7]1 Wu et al, Natl. Sci. Rev., 2020, 7, 1667-1701.

[8] Chen et al, Chem. Rev., 2020, 120, 11194-11294.

[9] Chen et al, Natl. Sci. Rev., 2020, 7, 1626-1629.

[10] Yu et al, Adv. Mater. 2020, 2003270.

[11] Zheng et al, Angew. Chem. Int. Ed., 2021, 60, 18430-18437.
[12] Ding et al, Matter, 2022, 5, 2119-2167.

[13] Liu et al, Adv. Mater. 2022, 202270296.

[14] Wei et al, Angew. Chem. Int. Ed., 2022, 61, €202210573.

[15] Grammatico et al, Angew. Chem. Int. Ed., 2022, 61, €20226399.
[16] Zheng et al, Angew. Chem. Int. Ed., 2023, 62, €202301629.

[17] Yin et al, Nature Commun., 2023.


mailto:bao-lian.su@unamur.be

