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Bioinspired Thermal Energy Storage Materials and Systems
Tao Deng (X% ) *Peng Tao,Wen Shang,Chengyi Song,Benwei Fu,Modi Jiang
School of Materials Science and Engineering, Shanghai Jiao Tong University
Thermal energy is one of the most abundant energy forms on earth. There are many different sources for
thermal energy generation, including fire, sun, and nuclear reactions. Most energy consumption and dissipation
processes also involve the generation of thermal energy. Thermal energy has wide spread applications as well. For
example, many critical processes involve the utilization of thermal energy, including electricity generation,
chemical processing, and house heating. During the process of utilization of thermal energy, storage plays key role
in enabling the efficient use of thermal energy. There are recently rising interests in developing new approaches
and materials for thermal energy storage. Among the various efforts, the learning from nature and the inspiration
from similar processes in biological systems provide an alternative approach in developing advanced thermal
energy storage materials and systems. In this presentation | will discuss our recent efforts in the design and
synthesis of different functional bioinspired thermal energy storage materials and systems. Potential applications
of these bioinspired thermal energy storage materials and systems will also be discussed in the presentation.
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Machine-learning Facilitated Investigation of Bioinspired Materials for Biomedical Applications
Yuan Cheng (F£i) *,Changji Yin
Monash University
Silk fibroin possesses superior biophysical properties, including high strength, stretchability, biocompatibility,
and biodegradability, attributed to its hierarchical structures like keratin.1, 2 Silk fibroin can be processed into
various morphologies, such as hydrogels, films, sponges, etc., to facilitate its wide applications as surgical sutures,
medical textiles, tissue engineering scaffolds, drug carriers, biosensors.3, 4 In this study, we conducted Al-guided
largescale molecular dynamics (MD) simulations to integrate natural plant compounds, such as aromatic
turmerone, with silk fibroin for developing novel skin-whitening biomedical materials. Three potential topical
agents were screened from a set of 36 aromatic turmerone derivatives using machine learning. Molecular docking
and MD simulations were conducted to elucidate the molecular mechanisms underlying their skin-whitening
potential and interaction mechanisms, revealing that methoxy-modified derivatives exhibited superior binding free
energy and tyrosinase inhibition. The dipalmitoylphosphatidylcholine (DPPC) lipid bilayer model was further
employed to evaluate the permeability of these compounds across the skin barrier, predicting their potential for
dermal topical applications. These findings highlight the potential of silk fibroin-aromatic turmerone materials in
developing next-generation skincare products and provide a guideline for the future design of bioinspired
materials for various applications including wearable devices3, 5,energy storage6.
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Cellulose nanofiber-supported electrochemical percolation of capacitive nanomaterials with 0D, 1D and 2D

structures

Chen-Chen Hang (#itEEEi) 1,21, Chao Zhang27, Qing-Fang Guanl, Liging Ye2, Yude Sul,2,4*, Shu-Hong
Yul,3*
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Cellulose nanofiber (CNF) represents a promising support material to strengthen the mechanical property of
free-standing supercapacitor electrodes comprised of conducting nanomaterials. Although efforts have been
focused on improving the performance of the CNF-supported electrode, the percolation of capacitive
nanomaterials within the insulating CNF matrix, and its correlation with the nanomaterial’s dimensionality are
still underexplored. In this work, we fabricate membrane supercapacitor electrodes by incorporating CNF with 0D,
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1D and 2D capacitive nanocarbons respectively to study the impact of their dimensionality. We found that the
percolation pathway of the nanocarbons is dependent on their dimensionality. By introducing a new definition
termed as electrochemical percolation threshold, the threshold weight percentages to realize effective
electrochemical percolation are determined to be 60.0%, 14.3% and 66.7% for OD, 1D and 2D nanocarbons,
respectively. Increasing the weight percentage beyond the threshold typically results in improved electrochemical
percolation but reduced mechanical strength, and both trends are dependent on the nanocarbon’s dimensionality.
Our results provide guidance to design efficient and robust CNF-supported supercapacitor electrodes by
controlling the dimensionality and density of the active material. The insights regarding the electrochemical
percolation threshold can be applied to other energy-storage nanomaterials to advance the development of
insulator-supported supercapacitors.
Reference
[1] Chen-Chen Hangt, Chao Zhangt, Qing-Fang Guan, Liging Ye, Yude Su*, and Shu-Hong Yu*, Cellulose
nanofiber-supported electrochemical percolation of capacitive nanomaterials with 0D, 1D, and 2D structures, Adv.
Mater., 2025, 37, 2414904
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lon-Exchanged Zeolite-Based Coating for Biomimetic Vegetation Spectral Camouflage
r‘l_;.;' IR*
[ By k5 K=

The development of materials capable of accurately simulating vegetation's visible-near-infrared (Vis-NIR)
spectral characteristics remains a critical challenge in biomimetic camouflage. This study proposes a bioinspired
strategy utilizing transition metal cation (Cr**, Fe’")-exchange zeolites to regulate visible-light absorption
properties through ion exchange, mimicking the spectral responses of chlorophyll and carotenoids in plant leaves.
Experimental results demonstrate that Cr**- and Fe*-modified zeolites successfully replicate the reflectance
profiles of green and yellow leaves in the 400-750 nm range, respectively. The specific surface area initially
increased and then decreased with ion exchange concentration and cycles, achieving optimal values of 604.9 m%y
and 582.0 m#y under optimized conditions. Notably, the modified zeolites exhibited maximum saturated water
adsorption capacities of 20.8% and 20.3% at 25<C and 60% RH, significantly enhancing their spectral similarity
to vegetation in the 1300-2500 nm band. A biomimetic vegetation-spectrum camouflage coating fabricated using
these materials demonstrated exceptional optical compatibility, with average spectral correlation coefficients of
0.95 and 0.96 against typical green and yellow leaves across the Vis-NIR spectrum (400-2500 nm). This
investigation effectively broadens the application scope of zeolites, and the resultant biomimetic camouflage
coating exhibits a remarkably extensive and highly potential application horizon in the realm of hyperspectral
camouflage.
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Bio-inspired chiral and basic locomotion modes of an active gel driven by internal chemical signals
Lin Ren ({F#k) ! QingYu Gao™
1. College of Chemistry & Materials Engineering, Wenzhou University
2. Department of Chemistry, China University of Mining and Technology

Diverse biological locomotion is essential for their surviving and reproducing. A general understanding of the
internal-dynamic origin of active locomotion has not yet been achieved. In our recent works, a widely studied
self-oscillating polymer gel that hosts the tris (bipyridine) ruthenium-catalyzed Belousov—Zhabotinsky reaction
(BZR), is used to design bioinspired locomotion. Our research reveals that: the asymmetry of internal chemical
signals propagating in the gel account for the asymmetry driving effect (the push-pull effect) that generating basic
modes of directional locomotion (retrograde and direct locomotion); the phase difference (Ap) between
orthogonal components of kinematic quantities of the system, such as chemomechanical force, displacement, and
velocity, determines rotational/helical chirality, i.e., chiral locomotion transition occurs when A¢ changes sign.
Furthermore, when the internal dynamics of the system interact with differential illumination by mechanism of a
nonmonotonic relationship between illumination and oscillatory frequency, chemical anchoring effect, homoclinic
bifurcation and second Hopf bifurcation, can generate positive-negative phototaxis (imitate phototaxis locomotion
of animals), retrograde and direct locomotion (analogous to the crawling mode of earthworm and snails,
respectively), autonomous reciprocating migration (similar to anadromous migration of salmon) and angular
locomotion (analogous to the “run-turn” mode of Euglena gracilis moves) of the gel, respectively. By using the
self-oscillating gel system, we have proposed a way for the emergence of complex bio-functions, that may
contribute to our understanding of natural and biological systems, and will benefit the design of soft robots and
functional materials.
[1] H. Yu, L. Ren,* Y. Wang, H. Wang, M. Zhang, C. Pan, L. Yuan, J. Zhang, |. R. Epstein,* Q. Gao.* J. Am.
Chem. Soc. 2025, 147, 6, 5182-5188.
[2] J. Wang, L. Ren, R. Teng, I. R. Epstein,* H. Wang, M. Zhang, L. Yuan, Q. Gao.* J. Phys. Chem. Lett., 2021.
12.11987-11991.
[3] L. Ren, L. Yuan, Q. Gao,* R. Teng, J. Wang, I. R. Epstein.* Sci. Adv., 2020; 6: eaaz9125.
[4] L. Ren, L. Wang, Q. Gao,* R. Teng, Z. Xu, J. Wang, C. Pan, I. R Epstein.* Angew. Chem. Int. Ed., 2020, 59,
7106-7112.
[5] L. Ren, M. Wang, C. Pan, Q. Gao,* Y. Liu, I. R. Epstein.* Proc. Nat. Acad. Sci. U.S.A., 2017, 114, 8704-8709.
[6] L. Ren, W. She, Q. Gao, C. Pan, C. Ji, |. R. Epstein.* Angew. Chem. Int. Ed., 2016, 55, 14301-14305.
[7] X. Lu, L. Ren, Q. Gao,* Y. Zhao, S. Wang, J. Yang, |. R. Epstein.* Chem. Commun., 2013, 49, 7690.
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Xiamen University

Artificial transmembrane ion channels have emerged as promising candidates in anticancer drug discovery,
offering potential as novel therapeutics by inducing apoptosis and interfering with critical cellular processes.
However, the challenge of achieving targeted anti-tumor effects while ensuring safety remains a pressing issue in
the field. In this study, we introduces four classes of stimuli-responsive artificial ion channels, including
non-covalently stapled H*/CI" ion channels activatable by visible light, ROS-activatable H*/CI” ion channels,
concentration-responsive adaptive channels with mitochondrial targeting property and cholesterol stabilized
nanopores. These novel artificial ion channels offer simplified preparation procedures, improved biocompatibility,
and desirable anti-proliferative activities, positioning them as promising candidates for clinical translation in
targeted anti-tumor therapy.
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