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Figure 1 Comparison between solution phase molecular self-assem-
bly and traditional crystallization process [21,22] (color online).
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Figure 2 (a) Three elements of solid phase molecular self-assembly. (b) Schematic diagram of solid phase molecular self-assembly material
preparation process [18]. (c) XRD patterns of the freeze-dried precipitate, condensed white cake, and transparent film [34] (color online).
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Figure 3 (a) Renewability of DTAB-PSS-CNT-urea films [40]. (b) Recycling process of the PDDA-AES films [34]. (c) Regeneration process of SA-

DTAB films [41] (color online).
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Figure 4 Solid phase molecular self-assembly DTTAB-PSS film oil absorbing material [44]. (a) The chemical structure of DTTAB and the self-
assembly of DTTAB into vesicles. (b) The chemical structure of PSS. (¢) Schematic illustration of the process used to generate DTTAB-PSS films and
the lamellar structure formed from PSS and DTTAB after the application of mechanical pressure. (d) Photographs of the oil adsorption process using
the DTTAB-PSS film. (¢) Recycling test of the adsorption capacities of the DTTAB-PSS film for petroleum in DI water, 33 wt% NaCl solution, and
dirty water containing much dust, respectively. (f) Efficiency curves for the adsorption of petroleum and organic solvents by DTTAB-PSS films. (g)
Schematic diagram of the procedure used to recycle the film for petroleum adsorption (color online).
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Figure 5 Solid phase molecular self-assembly PDDA-AES self-actuated deformation material [41]. (a) Schematic illustration of the fabrication
procedure of the film and the mechanism of moisture-driven actuation. (b) Photos of the film bending against an approaching finger at a distance of a
few millimeters. (c) The reversible bending behavior of the SA-DTAB film (color online).
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Figure 6 Solid phase molecular self-assembly DTAB-PSS-CNT-urea film humidity sensor [40]. (a) Schematic illustration of the fabrication
procedure of the film. (b) Systematical illustration of the DTAB-PSS-CNT-urea film formation process. (c) Relationship between film conductivity
(with and without CNTs) and storage humidity. (d) Response curves of mouth (upper panel) and nose (lower panel) with different breathing rates. Film
is able to distinguish different words and sentences (color online).
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Figure 7 Solid phase molecular self-assembly PLL-OL circularly polarized luminescent materials [45]. (a) The schematic illustration of the solid
phase molecular self-assembly of PLL-OL. (b) Chematic illustrations of PLL-OL self-assembled multilayer-ordered structure. (¢) CPL spectra (Ex =
342 nm, FS: 0.87%) of PLL-OL film and PLL-OLDFS film. (d) Energy transfer and the generation of CPL via the FRET (Forster resonance energy
transfer) between the CTE donor of PLL-OL film and the molecular acceptor FS (color online).
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Figure 8 Schematic illustration of the spontancous aggregation of polymer chains in polymeric systems involving different noncovalent interactions,
such as electrostatic, H-bonding, coordination and hydrophobic effect. The in situ formed noncovalent aggregates act as additional crosslinking
domains and “hard” nanofillers that can effectively enhance the mechanical properties of the resultant polymeric materials [46] (color online).
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Figure 9 The ionic skin electrode PAS by solid phase molecular self-assembly the ionic skin electrode PAS [47]. (a) Illustration of the fabrication
process of PAS film with three polyelectrolytes. (b) SEM image of the obtained PAS film electrode after freeze-drying. (c) Model of PAS film under the
vertically contact. The LED (0.05 W) was switched on instantly by touching the two PAS films vertically. (d) Electromyogram (EMG) signals produced
by the flexion/extension of different fingers. (¢) Opening and closing movements of the hand through simple EMG signal recognition, and remotely
controlling the robot hand to grasp objects (color online).
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Figure 10 APAM-PHMB@Y5 single molecule white light emission system by solid phase molecular self-assembly [48]. (a) Preparation method for
APAM-PHMB@YS5 with the principle for realizing complementary luminous colors. (b) Fluorescent photos of APAM-PHMB@Y5 with different
doping amounts. (c) CIE coordinates of APAM-PHMB@Y5 with different doping amounts. (d) Possible application of APAM-PHMB@YS5 as a high
tolerant emitting material suitable for the usage under extreme conditions (color online).
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Figure 11 Solid phase molecular self-assembly of APAM-PHMB@Dyes CTE-PRET system [49]. (a) Systematically illustration of electrostatic self-
assembly and intermolecular force of APAM and PHMB. (b) Mechanism of the super PRET ability of the CTE-RTP. (c) Systematically illustration of
the energy transfer process of CTE-PRET. (d) Dynamic afterglow of the CTE-PRET materials based on APAM-PHMB@Dyes (color online).
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Abstract: Molecular self-assembly usually occurs in solution, which forms nano- or micro-scaled meso structures
finding important applications in fields like nano medicine. This solution-based molecular self-assembly usually cannot
form self-supporting continuous materials, which limits their role in a broader world. In recent years, we established
molecular self-assembly in solid phase formed with the precipitates of self-assembling molecules. Owing to the
spontaneous fusion of nano-sized amphiphilic domain in the precipitates to reduce interface energy, self-supporting
supramolecular film can be obtained in large-scale, which makes it possible to manipulate the property of the self-
assembled materials by controlling molecular packing. We summarize the progress in solid phase molecular self-
assembly by our group in this review: the principle and experimental method of solid phase molecular self-assembly, as
well as the intrinsic advantages of the resultant materials. Examples like self-assembling ability, anti-fatigue, humidity
responsive tension, oil absorbing, circularly polarized luminescence, room-temperature phosphorescence, and white
fluorescence are introduced. We anticipate solid phase molecular self-assembly would be a new bud in the crossing field
of colloid science and molecular self-assembly, which can probably offer new opportunities for the molecular self-
assembled materials.

Keywords: solid phase molecular self-assembly, macroscopic continuous material, supramolecular film, amphiphile,
precipitates, pressure
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