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Gel-grown single-crystal composites where gel-networks are incorporated inside single-crystals have been reported in an increasing number of studies,
with the composite structure similar to that of the biogenic biomacromolecule-incorporated single-crystals. However, the mechanisms of the gel
incorporation are still not clear. In this work, we examined the growth of four types of crystals (NaF, NaCl, KBr and potassium dihydrogen phosphate
(KDP)) in both silica gels and agarose gels to access the effects of crystal-gel interaction and gel structure on the gel incorporation.

For a gel with mechanically weak gel-network like the silica gel, strong crystal-gel interaction of 
hydrogen bond was necessary to promote the gel-incorporation in the NaF and KDP crystals. In 
contrast, the fibrous structure in agarose gel resulted in strong gel-network and the four gel-grown 
crystals all incorporated the agarose gel-network even if the hydrogen bond was relatively weak. 
As such, this work demonstrates the critical effects of the gel structures and the crystal-gel 
interactions on the gel-incorporation inside gel-grown crystals and may help to prepare single 
crystal polymer composites with desired structures and properties.

Fig. 2 Quantification of the incorporated gel-
networks in the crystals: (a) Mass ratio of Si
in crystals grown from silica gels; (b) TGA
curves for NaF crystal grown from solution and
NaF, NaCl and KBr crystals grown in 0.2 w/v%
agarose gels; Inset in (b) is the amount of
agarose in crystals from TGA (gray column) and
calculation(blank column).
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Fig. 3 OM images of crystals grown in agarose
gels before (left), during (middle) and after
(right) dissolution of the crystals. (a) NaF in
0.2 w/v% agarose gel; NaCl in (b) 0.2 w/v% and
(c) 0.5 m/v% agarose gel; (d) KBr in 0.2 w/v%
agarose gel; KDP in (e) 0.2 w/v% and (f) 1
w/v% agarose gel. The crystal-shape residuals
indicate that all the crystals grown in agarose
gels can incorporate the gel-networks.

Fig. 1 Optical microscopy (OM) images of
crystals grown in silica gels before (left),
during (middle) and after (right) dissolution
of the crystals. (a) A schematic representation
of gel-grown crystals that may either
incorporate or push away the gel-network. (b, c,
d, e, f) OM images recording the dissolution
processes of crystals: (b) NaF from silica gel; (c,
d) NaCl from silica gels; (e) KBr from silica gel;
(f) KDP from the interface of solution and silica
gel. After dissolution of the crystal, the solution
side disappeared while the gel side leaves a
block of crystal-like gel. The inset in (d) and the
white arrows in (e) highlight the gel fragments.
The results show that NaF and KDP crystals can
incorporate silica gel-network more probably.

Fig. 4 Characterization of the gel structure of
agarose and silica gels: (a) A schematic
representation of the replica method used to
image the gel structures. The well-oriented
calcite crystal on the SAM-modified Au
substrate incorporated the gel and the flat bottom
surface became a replica of the gel-network. (b,
c) SEM images of the bottom surfaces of calcite
grown from (b) an agarose gel and (c) a silica gel.
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