- ¢? CellPress

4. Zhang, Q., Gong, H., Gao, W., and Zhang, L.
(2020). Recent progress in capturing and
neutralizing inflammatory cytokines. CCS
Chem. 2, 376-389.

5. Liu, W.L.,, Zou, M.Z,, Qin, S.Y., Cheng,
Y.J., Ma, Y.H., Sun, Y.X,, and Zhang, X.Z.
(2020). Recent advances of cell
membrane-coated nanomaterials for
biomedical applications. Adv. Funct.
Mater. 30, 2003559.

6. Hu, C.M.J., Fang, R.H., Copp, J., Luk, B.T.,
and Zhang, L. (2013). A biomimetic
nanosponge that absorbs pore-

forming toxins. Nat. Nanotechnol. 8,
336-340.

7. Gao, C., Huang, Q,, Liu, C., Kwong, C.H.T,,
Yue, L., Wan, J.B., Lee, S.M.Y., and Wang, R.
(2020). Treatment of atherosclerosis by
macrophage-biomimetic nanoparticles via
targeted pharmacotherapy and
sequestration of proinflammatory cytokines.
Nat. Commun. 11, 2622.

8. Lin, J.C., Chien, C.Y., Lin, C.L., Yao, B.Y.,
Chen, Y.I,, Liu, Y.H., Fang, Z.S., Chen, J.Y.,
Chen, W.Y., Lee, N.N,, et al. (2019).
Intracellular hydrogelation preserves fluid
and functional cell membrane interfaces for

Matter

biological interactions. Nat. Commun.
10, 1057.

9. Gao, C., Kwong, C.H.T., Tang, M., Liu, J.,
Kam, H., Li, S., Lee, SSM.Y,, Fan, C., Yu, H.Z,
and Wang, R. (2023). Bacteria-engineered
macrophage sponge as a neutralization
decoy to treat bacterial infection. Matter 6,
3889-3911. https://doi.org/10.1016/j.matt.
2023.09.007.

10. Kristo, E., Hazizaj, A., and Corredig, M.
(2012). Structural changes imposed on whey
proteins by UVirradiation in a continuous UV
light reactor. J. Agric. Food Chem. 60,
6204-6209.

Triboiontronics based
on dynamic electric
double layer regulation

Ligiang Zhang' and Daoai Wang'*

The regulation and application of ion carriers in the electric double
layer is challenging. In this issue of Matter, Wei et al. propose a
concept of “triboiontronics” based on triboelectrification regula-
tion, breaking through the barrier of ion arrangement regulation
through electronics with higher energy transfer efficiency.

Designing an effective way to regulate
the nervous system’s information is
challenging. Traditional silicon-based
energy devices are based on transport-
ing electrons and/or holes, whereas
biological nervous systems rely more
on ions.' The conduction of nerve im-
pulses is achieved by ion transport in
the electrical double layer. The electric
double layer of the interface contains
charge carriers composed of electrons
and ions, which is closely related
to triboelectrification.””> Regulation of
electric double layer properties by tri-
boelectrification suggests a possible
approach to this problem.

In a recently published article in Matter,
Wei and coworkers addressed this issue
by dynamically regulating ion charge
carriers in the electric double layer at
the insulator-liquid interface through

contact electrification and proposed
the concept of “triboiontronics” to
realize efficient energy harvesting and
information transmission.® The electri-
cal double layer structure of the liquid
interface has been studied for more
than a century, but how to fine-tune
it remains a challenge. The work of
Wei’'s group has been a successful
attempt to resolve this issue with a
fabulous imagination.

Firstly, a novel direct-current triboion-
tronic nanogenerator (DC-TING) was
devised, which can realize the regulation
of ion charge density in the diffusion layer
of the electric double layer through solid-
liquid contact electrification induced by
charged deionized water mist. Moreover,
DC-TING based on the in situ ion charge
supplement strategy can effectively avoid
the depletion of induced charge on the

3698 Matter 6, 3693-3704, November 1, 2023 © 2023 Elsevier Inc.

surface of the solid friction layer, thus
significantly improving its peak power
density compared with other DC tribo-
electric nanogenerators.

This work constructed a bidirectional
electric field to dynamically regulate
the charge distribution in the dense
layer of the electric double layer
through solid-solid contact electrifica-
tion. It can regulate the ion charge po-
larity in the diffusion layer through
remote control, building a bridge be-
tween electronic information and ion
information of organisms, which is a
fantastic idea. Based on this, a bionic
neural circuit for triboiontronics was
constructed. It could store the physical
contact information in contact electrifi-
cation into the ion charge polarity
information in the diffusion layer and
convert it into the corresponding elec-
tronic information.

Considering the mechanism of interfa-
cial charge generation and the proper-
ties of the electric double layer, contact
electrification is closely related to the
properties of the electric double layer.
As shown in Figure 1, the properties of
the electric double layer have been
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Figure 1. The schematic of the interfacial electrical double layer and ion carrier regulation via contact electrification

further revealed scientifically in recent
years, and Wei et al.’s work has lifted
the curtain on ion carrier regulation.
Not only can it be used as a new
"“probe” for the study of electric double
layer properties, but it also gives rise to
a new interdisciplinary research direc-
tion of triboiontronics, which has huge
potential for future research.

Overall, Wei et al. have built a bridge to
the electron-ion-regulated neural infor-
mation flow from the electron double
layer nature of the interface, providing
a research idea for interface property
control in the new mode, biological
sensors, brain computer interface con-
trol, etc. Triboiontronic nanogenera-

tors may gain more research interest
in efficient energy harvesting, precise
control of the interfacial electrical dou-
ble layer, and rapid regulation of the
biomimetic nervous system.
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