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Because of the small proportion of nanofibers in the 
cryogel (1:7), the cryogel could be fixed into a rod shape 
and injected to form a large sheet in 37°C water (Fig. 5). 
The greatest volume of the second generation sponge 
that could be injected through a 16-gauge needle was 
150% that of the first-generation shape memory cryogel 
and 260% that of the cryogel without shape memory. This 
biodegradable shape memory cryogel with a high injected 

Fig. 5:	 Injected rod cryogel forms a large sheet of cryogel. [Reproduced 
from Ref. 3]

volume and complex shape can be valuable for designing 
medical devices and tissue regeneration templates for 
minimally invasive surgery. (Reported by Shan-Hui Hsu, 
National Taiwan University)

This report features the work of Shan-Hui Hsu and her co-
workers published in ACS Appl. Mater. Interfaces 14, 36353 
(2022). 
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Skin Tactile Sensor / Electronic Skin
How sensor can mimic human skin? High-stretching and self-healing polymers can be the answer in skin 
tactile sensors.

R ecently, stretchable and 
simultaneously self-healable 

elastomers have attracted considerable 
attention due to their prolonged 
service time and their potential in 
human motion sensing. The self-
healing ability usually originates from 
the reversible bonds incorporated 
in the polymer matrix, including 
hydrogen bonding, π−π stacking, 
ionic interactions, and metal-ligand 
(ML) interactions. Among them, ML 
coordination bonds with their highly 
dynamic nature and easily-fabricated 
properties are usually incorporated 
into intrinsic self-healing materials. 
However, despite the prosperous 
structural designs and several attempts 
to combine different metal ions and 
their host materials, the mechanisms 
behind the ML interactions remain 
unsolved.

Fig. 1:	 A schematic illustration of the design concept and chemical structures of Ni-bpyPTD. 
[Reproduced from Ref. 1]
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Fig. 2:	 (a) SAXS spectra of Ni-bpyPTD, prepared with different cosolvent ratio of DMF/THF. (b) Normalized XANES spectra for Ni-bpyPTD, prepared with 
THF and DMF/THF. (c) Phase-corrected Ni K-edge EXAFS pattern, fitted using the first coordination shell of 4N and 2O atoms. (d,e) Schematic 
illustrations of the nanostructure of the Ni-bpyPTD films fabricated by THF system and the cosolvent system. [Reproduced from Ref. 1]

Ho-Hsiu Chou (National Tsing Hua University) unraveled the mystery of ML interactions within the polymer matrix. The team 
fabricated a series of polyurethane with poly(propylene glycol) as the soft segments with the tolylene 2,4-diisocyanate (TDI) 
and the 4,4’-Bis(hydroxymethyl)-2,2’-bipyridine (bpy) moiety as the hard segments and coordination sites. Figure 1 shows 
the illustration of the design concept and chemical structures of Ni-bpyPTD, a high-stretching and self-healing polymer. 
Furthermore, they introduce Ni2+ (from metal salt, Ni(OTf)2) as the center metal ions. 

Small-angle X-ray scattering (SAXS) was collected at TLS 23A1. In Fig. 2(a), SAXS was used to elucidate the nanostructure 
of Ni-bpyPTD in different solvent systems. It was found that the SAXS peaks of Ni-bpyPTD in the co-solvent of mixed 
dimethylformamide (DMF) / tetrahydrofuran (THF) (solvent ratio of 3:1) shifted to higher q in comparison with Ni-bpyPTD in 
THF. It might indicate denser crosslinking sites are formed in the co-solvent system and thus lead to better nano-structural 
polymer networks with enhanced mechanical and self-healing properties (Figs. 2(d) and 2(e)). X-ray absorption near edge 
fine structure (XANES) spectra was measured in a transmission mode at TPS 44A. These results suggest the oxidation state of 
Ni ions in Ni-bpyPTD systems is closer to +2.0, compared with the standards NiO (Fig. 2(b)). Correspondingly, as shown in Fig. 
2(c), the extended X-ray absorption fine structure (EXAFS) pattern of Ni-bpyPTD indicate the first-shell metal coordination 
environments, including four nitrogen (from two bpy) and two oxygen atoms (from the triflate anion). This phenomenon 
is consistent with the +2.0 valence state observed from XANES. The bond length for Ni-N and Ni-O in Ni-bpyPTD from the 
EXAFS analysis is 2.06 Å.

In summary, ML interactions and the co-solvent effect influence the mechanical and self-healing properties of stretchable 
and self-healable polymers. This work demonstrated that the nanoscale phase-separated and ordered networks play a crucial 
role in the field of dynamic ML interaction polymers. The ability to probe nanoscale structures of E-skin materials makes 
synchrotron-based SAXS and XANES/EXAFS important techniques that provide significant insight into mechanisms related to 
mechanical and electrical responses. (Reported by Yi-An Chen, National Tsing Hua University)
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This report features the work of Ho-Hsiu Chou and his co-workers published in Chem. Eng. J. 438, 135592 (2022).
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Polytherapy to Combat Antimicrobial-Resistant 
Bacteria
Polytherapy of antibiotic and lipid nanoparticles could be an alternative to fight against superbugs.

G ram-negative bacteria have caused significant 
diseases and have increasingly become one of the 

leading causes of high morbidity and mortality globally, 
which has led to the extensive development of antibiotics 
that are effectively against such bacteria. However, 
bacteria evolve new features and develop antibiotic 
resistance faster than the development of new antibiotics. 
Fortunately, nanosized particles can lower the treatment 
dose while maintaining high antimicrobial activities. 
This raises the hope that nanoparticles could reduce the 
probability of promoting resistant bacteria compared with 
conventional antibiotics. Accordingly, lipid nanoparticles, 
due to their high biocompatibility and ability to solubilize 
hydrophobic and hydrophilic molecules, have received 
considerable attention in the field of biological applications 
as drug carriers. These particles without exception simply 
function as nano vehicles that deliver the loaded cargo 
to the bacteria. Comparative studies have evidenced 

the superiority of polytherapy regimens of polymyxins 
with various drugs approved by the U.S. Food and Drug 
Administration over their corresponding monotherapies, 
either by producing an improved combination effect or, 
conversely, by achieving the same killing effect using lower 
doses of medicines, while diminishing or delaying the 
development of resistance. Therefore, superbugs can be 
effectively combatted via the polytherapy of antibiotics 
with lipid nanoparticles.

Hsin-Hui Shen’s group (Monash University, Australia) 
recently conducted a study to investigate why the 
polytherapy of polymyxin B (PMB) with cubosomes 
exhibited better antibacterial activity than the traditional 
PMB-loaded cubosomes (Fig. 1).1 Neutron reflectometry 
(NR) data was measured by the PLATYPUS time-of-flight 
neutron reflectometer at Australia’s Nuclear Science 
and Technology Organisation (ANSTO). NR was used to 
investigate the interaction between the components of 
the polytherapy treatment and a model outer membrane 
(OM) of gram-negative bacteria (Figs. 2(a) and 2(b)). 
Shen’s team found that the PMB-loaded cubosomes 
could simply attach to the bilayer surface without further 
penetrating (Figs. 2(c) and 2(d)), most likely due to the 
diffused cubosome layer preventing the released PMB 
from binding to the membrane. Therefore, the bacterial 
membrane remained relatively intact. Additionally, two 
distinct modes of action were found for the antibacterial 
activity of the polytherapy (Figs. 2(e) and 2(f)). Firstly, 
the interaction between the positively charged PMB and 
negatively charged phosphate groups on lipid A was driven 
by electrostatic force, which led to membrane stability. 
Secondly, the partially permeabilized membrane facilitated 
the entry of the cubosomes into the bilayer, which were 

Fig. 1:	 Schematic diagram of polymyxin B-loaded cubosomes and 
interaction of the polytherapy treatment with the gram-
negative bacterial outer membrane. [Reproduced from Ref. 1]




