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Regulating the Properties of Gel-Single Crystal Composites

by the Incorporation of Gel Networks
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(Key Laboratory of Macromolecular Synthesis and Functionalization of Ministry of Education,
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Abstract: In nature, biogenic crystalline materials often incorporate surrounding biomacromolecules during crystallization
forming mechanically strengthened single crystal composites. Similarly, single crystals grown from gel media can incorporate
gel-networks, leading to a three-dimensional interpenetration structure without disrupting the long-range ordering. By virtue of
the incorporation of gel networks, the habits of single crystal are changed and the intrinsic properties of the single crystal are
improved. Moreover, functional nanomaterials can be introduced into single crystals accompanied with the incorporation of
gel-networks, endowing the crystalline host with non-intrinsic properties. As such, the incorporation of gel networks may ex-
pand the potential applications of the single crystal host. In this paper, we discuss the recent progress of regulating single
crystal properties or functionalizing single crystals by the incorporation of gel-networks, including the revolution of crystal
morphologies, enhanced mechanical properties, regulation of semiconductor band gap and the functionalization of single crys-
tals. Finally, the potential application of the gel-single crystal composite is predicted.

Key words: biomineralization; gel-single crystal composites; gel networks; morphology; mechanical property; band
gap; functionalization
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Fig. 1 The aspect ratio of calcite crystals as a function of the concentration of the agarose gel (a) , inset: top view of a computer simu-
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lation of a calcite crystal nucleated on the (012) planel*!; SEM images of the interface morphology between calcite single

crystal and PS sphere, calcite single crystal is crystallized within 1 w/v% IB agarose (b), 0.1 w/v% IB agarose (c), and

1 w/v% IX agarose (d), respectively )
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Fig.2 TEM images of the solution-grown calcite crystal cuboids (a, b)

and the gel-grown calcite crystal cuboids (c, d) before (a, c¢)
and after (b, d) compression rupture, the red and blue dotted
lines highlight the rupture surfaces and the fibers respectively,
the red arrows point at the microcrack bridging regions, the
insets show subsections of the TEM images where the microcracks

with lower contrast are highlighted !
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Fig. 3 Metallographs of Pbl, crystals grown from silica gels (5 w/v%) before (left), during (middle) and after (right) dissolution of

the crystals (a) ; mass ratios of Si in Pbl, crystals grown from silica gels with varied concentrations (b) ; and E, values of refer-

enced Pbl, and Pbl, crystals grown from silica gels with varied concentrations, ref: reference, Pbl,, 99.999% (c) (48]
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Fig. 4  Crystallization in gel media containing dispersed nanoparticles (a) ; metallographs of the colored and paramagnetic cal-

cite crystals grown in an agarose gel containing both Au and Fe; O nanoparticles (b) , the two images on the left record

how the crystals moved outward in a magnetic field 2] ; evolutions of time-dependent steady-state PL spectra of CdTe-

525 and CdTe-595 QDs dispersed in aqueous solutions (state 1), gel media ( state 2) and incorporated inside calcite

single-crystals (state 3), respectively (c) [52]
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