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Fig. 1. “Yin” and ”Yang” fish of materials research:
the structure and performance of materials can be con-
sidered as the basic two elements of “Yin” and “Yang”
in Taoism. On the one hand, the structure of materials
determines the performance. On the other hand, the
outstanding performance of materials is the reflection
of some specific structures. More specifically, such a
connection can be described in some way by the four
factors: topology, correlation length, interaction and

ordering 341
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Fig. 2. Illustration of the formation of supramolecu-
lar gels: (a) The assembly model for the formation of
small-molecule supramolecular gels [7]; the formation
can be described by the nucleation model [>:4; (b) the

nucleation model for the formation of macromolecule

supramolecular gels (8],
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Fig. 3. (a) Schematic illustration of the formation
of supramolecular gels and the rheological properties;
(b) definition of the gelling point ¢, and tg; (c) a

translucent and stagnant liquid [16].
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Fig. 4. Illumination of the hierarchical network of gels: (a) “Single” crystal network, where £ is the correlation

length and L is the size of the materials under investigation; (b) multi-domain crystal network with weak

domain-domain interactions; (¢) multi-domain crystal network with strong domain-domain interactions; (d)

the power law G’ ~ ¢P (p = 0.5-1.7, depending on the type of networks) holds for gels consisting of single

networks [24:27,28]
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Fig. 5. The free enthalpy landscape for the nucleation on a substrate or the multiple step crystallization,

where an intermediate phase is inserted. The high energy barrier of homogeneous nucleation is replaced by

40)

one or several much lower energy barriers. This speeds up the kinetic process of nucleation [40],
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Fig. 8. Molecular formula, SEM and AFM (%3],
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Fig. 9. Double logarithmic chart of shape factor P and
scattering vector length g [02].
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Fig. 10. Materials innovation triangle. The elegant
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Fig. 11. (A) Comparison between the hierarchical network of soft materials and the silk fibre [4: (a) “single”

crystal network and nano-fibril in silk; (b) multidomain fibre network and fibril bundle. (B) Schematic
illustration of three typical hierarchical structures: (a) a multi-domain system, in which the domain-domain

interaction is weak or zero; (b) a multi-domain system, in which the domain-domain interaction is strong or

infinite.
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Fig. 12. Multi-level structures of silk and spider silk
fibers, and their regenerated silk hydrogels.
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Fig. 13. (A) Illustration of fiber growth and branching
through the birth-and-spread mode; branching can be
enhanced with stimuli; (B) SEM images: enhanced tip
branching by raising the thermodynamic driving force (the
driving force of B is higher than that of A); surfactant-
promoted fiber tip branching (HSA fibers formed in lanos-
terol C' without a surfactant and D with Tween 80); en-
hanced side branching by surfactant: GP-1 fibers formed
in propylene glycol, E without surfactant, F’ with increas-
ing concentration of span 20. (C) The effect of super-
saturation on the correlation length of fiber networks. A
small-molecule organic gelator, N-lauroyl-L-glutamic acid
di-n-butylamide, grown from an isostearyl alcohol solution
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Fig. 15. (a) Principles and guidelines of “mesoscopic functional assembly of soft material”: 1) investigation of the micro/nano

structures of soft materials for the design of embeddable functional molecules and nanomaterials; 2) design of functional

molecules or material components, so that it has the recognition and interaction groups to soft materials, and the size

and properties to match the accommodable mesoscopic space and physical environment of soft materials; 3) find the most

effective way to functionally assemble; (b) quantum dots
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Abstract

From the perspective of mesoscale, the formation mechanism of crystal network structure of supramolecular gel, the
influence of structure on macroscopic properties, and the design and control of supramolecular gels are reviewed. Crystal
network is a key character of the hierarchical structure of the gel, the formations of the basic and multi-level crystal
networks are based on the crystal nucleation and growth. The engineering and controlling of the gel structure can be
implemented by various stimuli, such as additives, sonication, seeding, and thermodynamic driving force, which leads to
a controllable performance of the gel. In addition, the methods of characterizing supramolecular gels are systematically
summarized, such as, rheology, atomic force microscope, scanning tunnel microscope, scanning electron microscope,
transmission electron microscope, polarizing optical microscope, X-ray diffraction, small-angle X-ray scattering, small-
angle neutron scattering, nuclear magnetic resonance spectroscopy, dynamic light scattering etc. Supramolecular gel
performance is determined by the hierarchy mesoscopic structures, which can significantly improve the properties of the
material. Four factors can be correlated to the structure and performance of material: topology, correlation length,
symmetry /ordering, and strength of association of crystal networks. According to the more in-depth understanding of

mesoscopic supramolecular gels, the research and development of such a material will be pushed to a new stage.
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