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A two-component composite comprised of low-molecular-
weight hydrogelator and the nanosheet Laponite®, a synthetic 
layered silicate, showed thixotropic behaviour, whereas each 
single component did not show thixotropic behaviour at the 
same concentration. This mixing enhancement effect may be 
attributed to the improved quality of the gel network. 

Molecular hydrogels composed of crystalline, fibrous networks 
of low-molecular-weight gelators (LMWGs)1,2 and water have 
received considerable attention as new soft materials due to 
their resemblance to biological compounds that enable 
formation of molecular hydrogels. In particular, they are 
considered to have potential application as biocompatible drug 
delivery materials.3 Moreover, the multi-responsiveness4 and 
thixotropy (shear thinning)5,6 of molecular hydrogels and 
organogels have attracted much attention, both as new aspects 
of soft matter and as clues to enhancing the poor mechanical 
properties of known molecular gels and increase their use in 
medical, electroactive and photoactive applications.4 Although, 
LMWGs feature well-defined molecular structures and various 
molecular designs similar to those of polymer hydrogel 
materials, the available list of LMWGs for molecular hydrogels 
remains limited at present. Therefore, to broaden the scope of 
known molecular hydrogels, new methods for adding enhanced 
functionality to assembled networks of LMWGs must be 
investigated and new LMWG’s must be explored. We 
discovered that mixing-induced thixotropy of LMWGs with 
different alkyl chains (commercially available alkylhydrazides, 
alkylamides and alkylureas) can serve as a new method for 
enhancing the functionality of molecular organogels.7 
 Herein, we report a new method for functionalization of 
molecular hydrogels by the formation of a composite of an 
LMWG and Laponite®, a commercially available inorganic 
silicate rheology modifier, which is a type of inorganic  
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Scheme 1. Palmitoyl‐glycine‐histidine hydrogelator, PalGH. 

 
Fig.  1  Photographs  of  hydrogels  after  gelation  and  thixotropic  tests.  (a) 

PalGH/H2O, (b) PalGH/Laponite aq., (c) Laponite aq.,  (d) PalGH 1 wt% hydrogel, 

(e) PalGH 1 wt%/Laponite 1 wt% aq. composite hydrogel. 

nanosheet that exists in the form of nanodiscs (diameter: 30 mm, 
thickness: 1 nm).8 Although several systems that involve the 
mixing-induced enhancement of gel properties or mixed gel 
formulations,9,10 including organic/inorganic composite 
hydrogels, have been studied,11-13 our route involves mixing 
Laponite with a hydrogelator, i.e. palmitoyl-glycine-histidine 
hydrogelator (Scheme 1).14 Moreover, no thixotropic behaviour 
has yet been reported for LMWG/nanosheet composite gels.12  
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Fig. 2 Periodic  step‐shear  test  results  for  (a)  the PalGH 1 wt%/Laponite 1 wt% 

composite hydrogel and (b) the PalGH gel and Laponite solution. 

 Initially, the hydrogelation ability of PalGH/Laponite 
composites was tested. For ease of handling, a non-viscous 1 
wt% Laponite aqueous solution was used. The composites were 
prepared by heating and cooling a mixture of PalGH powder 
and Laponite aqueous solution. As shown in Figs 1(a) and (c), 
respectively, only PalGH in water formed a hydrogel when 
incorporated at a concentration above 0.5 wt%, while even a 2 
wt% Laponite solution remained a liquid. For the 
PalGH/Laponite composites (Fig. 1(b)), a hydrogel with 
slightly increased clarity compared to that of the PalGH gel at 
0.5 wt% was formed, possibly due to an increase in the 
homogeneity of the hydrogel. Moreover, rheometry 
measurements for the PalGH 1 wt%/Laponite 1 wt% composite 
confirmed the formation of a softer hydrogel than the 
corresponding PalGH hydrogel (Fig. S1, ESI†). Notably, the 
composite gels maintained their gel states for at least six 
months. 
 In the two-component composite hydrogel comprising 1 
wt% of PalGH and Laponite aqueous solution, respectively, 
thixotropic behaviour was observed. The individual 
components did not exhibit such behaviour at the same 
concentration (Figs 1(d) and 1(e)). Moreover, a 2 wt% PalGH 
hydrogel exhibited thixotropic behaviour but required 2 h for 
recovery to the gel state after shaking (Fig. S2, ESI†). 
Furthermore, 1 and 2 wt% Laponite aqueous solutions 
remained in the liquid state. These results suggested that a new 
network structure that is different from the network structures 
of individual components may form upon mixing. 
 To evaluate the thixotropic behaviour of the composite 
hydrogels, the rheometry of the gels was investigated using 
step-shear measurements (Fig. 2). The PalGH 1 wt%/Laponite 
1 wt% composite hydrogel exhibited a large recovery of G′ and 
G″ and reverted to the gel-like state (G′ > G″) after repeated 

 
Fig.  3  SEM  images of PalGH,  composite and  Laponite  xerogels:  (a, d) PalGH  (1 

wt%), (b, e) PalGH (1 wt%)/Laponite (1 wt%) composite, (c, f) Laponite (3 wt%). 

The  values  in  parentheses  denote  the  concentration  of  the  hydrogels  before 

generation of the xerogels. 

 
Fig. 4 Kratky‐type plots of SAXS data of hydrogels and Laponite aqueous solution 

(see also Figs. S3 and S4, ESI†).  

application of a large deformation shear. Although repeated 
recovery of the PalGH gel was also observed, unlike in the 
thixotropic test (Fig. 2(b)), this recovery did not directly affect 
the macro-scale reconstruction of the hydrogel. Moreover, the 
Laponite solution showed liquid-like behaviour (G′ < G″) at 
this concentration. Thus, these results clearly demonstrate 
qualitatively the mixing enhancement effect on the thixotropic 
properties of the composite. 
 To obtain information about the network that provides the 
enhanced mechanical properties of the composite hydrogels, 
differential scanning calorimetry (DSC) measurements were 
performed (Table S1 and Fig. S3, ESI†). The DSC curves of the 
PalGH 1 wt%/Laponite 1 wt% composite hydrogel underwent 
ordinal sol-to-gel and gel-to-sol changes with a similar ΔH. 
Compared to the peaks for the pure PalGH solution, the peaks 
for the composite hydrogel were shifted to lower temperature. 
Aqueous 1 wt%–3 wt% Laponite solutions showed no peaks, 
probably due to the dominant nature of the liquid. This result 
suggests that the composite hydrogel forms a new, possibly 
finer network structure than that of the pure PalGH. 
 To investigate the microstructure of the composite 
hydrogels, scanning electron microscopy (SEM) images of the 
corresponding xerogels and a dried Laponite solution were 
obtained (Fig. 3). The PalGH (1 wt%)/Laponite (1 wt%) 
composite xerogel exhibited a sub-micrometer-scale network 
fibre structure with a micrometer-scale network sheet structure. 
These structures appeared to originate from the PalGH fibre 
network and aggregated Laponite silicate discs, respectively, as 
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determined by comparing the SEM images of the single 
components with that of the composite. Notably, the composite 
xerogel contained finer fibres than the Laponite xerogel (Figs 
3(b) and 3(c)), possibly because of the presence of PalGH, 
which might prevent aggregation of the silicate nanodiscs. 
 To obtain structural information on the crystalline fibres in 
the hydrogels, small-angle X-ray scattering (SAXS) results 
were obtained, and the corresponding Kratky-type plots11d,15 are 
shown in Fig. 4. The slope of –2 for the Laponite confirms the 
homogeneous dispersion of flat discs in this solution (see Fig. 
S4, ESI†).15,16 For the composite and PalGH hydrogels, the 
same peaks corresponding to rigid PalGH moieties and an 
interdigitated packing structure were observed (Fig. S5, ESI†). 
The interdigitated packing structure of PalGH derivatives has 
been extensively covered in the literature.14c These results 
suggest that the composite hydrogel is composed of a network 
of PalGH fibre-like crystals (such as those in the single-
component PalGH hydrogel) and well-dispersed Laponite. 
 The mixing enhancement effect on the thixotropic 
behaviour may be explained by assuming the formation of an 
improved network of the PalGH in the presence of Laponite. 
Note that reduced aggregation of Laponite in the presence of 
PalGH was observed (Fig. 3(b)). Moreover, both in the gel and 
solution states, Laponite existed as colloidal particles.17 Note 
that no interactions between the PalGH and Laponite were 
detected via FT-IR analysis (no significant peaks were observed 
in the spectrum). Given that the PalGH and Laponite do not 
interact with each other, it is possible that the bundle formation 
of PalGH fibre bundles may be reduced in the homogeneous 
presence of Laponite resulting in the formation of a high 
density network of finer PalGH fibres (In Fig. 3, it is possible 
that the finer fibres readily aggregated during the freeze-dry 
process). Subsequently, this new improved network may 
exhibit thixotropic behaviour, unlike the individual 1 wt% 
components. 
 In conclusion, we demonstrated that a new composite 
composed of a hydrogelator and Laponite enabled induction of 
thixotropic behaviour. The mixing-induced thixotropy may be 
attributed to the formation of an extended network with 
crosslinking between the fibres of each component. We are 
currently investigating the application of this mixed strategy to 
other systems. 
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