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Contact-electrification (CE) is a ubiquitous surface phenomenon in which two

surfaces become oppositely charged after repeated contact and separation
[1,2]

.

Electrons have often been identified as the dominant charge carrier in the CE

process
[3-5]

, and an electron-cloud-potential-well model has been proposed for the

CE-driven electron transfer
[2,6]

. Based on the CE effect under mechanical stimuli,

contact-electro-catalysis (CEC) has emerged as a novel catalytic strategy to promote

chemical reactions
[7-9]

. CEC has provided sustainable and effective means for

environmental remediation
[10 ,11]

, vital chemical synthesis
[12 ,13]

, and resource

recovery
[14,15]

. However, most reported CEC processes have been limited to low-ionic-

strength media, largely because ion transfer competes with electron transfer during

CE
[16-18]

. As a result, the electron transfer process can be significantly suppressed at
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high ion concentrations
[19,20]

, leading to substantially reduced CEC efficiency. Given the abundance of mobile

ions in realistic aqueous environments, it is highly desirable to develop efficient CEC platforms that can

efficiently operate under high-ionic-strength conditions.

In this Perspective, we first analyze the competition between electron transfer and ion transfer during liquid-

solid CE and discuss how this competition limits CEC under high-ionic-strength conditions. We then

highlight microenvironment engineering as a promising strategy for regulating ion distributions at the

contact interfaces to mitigate their adverse effects on CE and subsequent catalytic processes. Finally, we

envision the opportunities enabled by CEC across a broader ionic-strength window. Specifically, integrating

CEC with electrocatalysis in an electrolyte could generate synergistic effects to greatly enhance overall

performance for many promising applications in realistic aqueous environments, including hydrogen

production from seawater, and beyond. Besides, we expect that a deeper understanding of the roles of

surface-bound ions and adsorbates may inspire future CEC systems in which ions become active participants

in catalytic reactions. The overall framework is illustrated in Figure 1.

CHALLENGES IN HIGH IONIC STRENGTH CONDITIONS
Liquid-solid contact-electrification (L-S CE) occurs spontaneously when a solid contacts a liquid. Recent

studies suggest that both electrons and ions participate in interfacial charge transfer during L-S CE
[21-23]

, with

electrons dominating in many cases, particularly at hydrophobic surfaces and under low-ionic-strength

conditions
[3,24]

. An electron-cloud-potential-well model has been established to describe the CE-driven

electron transfer process for redox reactions via CEC
[2,7]

. However, ion transfer arising from ion adsorption

or ionization reactions could compete with electron transfer during L-S CE, thereby reducing the efficiency

of CEC, especially in high-ionic-strength media.

In addition, CE-induced surface charging may also modify wetting behavior and other interfacial

interactions, which could further influence subsequent CEC efficiencies
[25,26]

. For example, a charged solid

surface formed after CE tends to attract oppositely charged species from the surrounding solutions. Such

electrostatic adsorption has been visualized in previous CEC studies
[7,27]

. For example, positively charged

powders (e.g., Nylon-66) would become yellowish after ultrasonicating in a methyl orange (MO) aqueous

solution due to electrostatic adsorption of anionic methyl orange
[9]

. Such ion accumulation can negatively

affect CEC in at least two ways: (1) it hinders further electron transfer during subsequent CE events, thereby

reducing the number of electrons for catalytic reactions; and (2) its formation of an electrical double layer

(EDL) would shield the charged surface, weakening the CE-derived electric field that facilitates substrate

activation. Consequently, the overall CEC efficiency is substantially limited under high-ionic-strength

conditions.

SOLUTIONS FOR ENHANCING CEC IN HIGH-IONIC-STRENGTH LIQUIDS
Given the decisive role of ion adsorption in limiting CEC performance, microenvironment engineering at

the contact interface offers a promising route for enhancing CEC in high-ionic-strength liquids. The primary

objective is to regulate the spatial distribution of ions and prevent their excessive accumulation in regions

where CEC occurs. A representative example is the construction of hydrogen bond networks (HBNs) at the

contact surface. Recent studies have suggested that HBN could limit the negative impact of ion accumulation

on the CEC efficiency by regulating the ion spatial distribution near the contact region
[14]

. Specifically,

hydrophobic fluorinated functional groups were first introduced on the hydrophilic surface of SiO
2
 via a self-

assembly strategy
[28]

. The synergetic interaction between the grafted fluorinated groups and surface hydroxyl

groups then generated an HBN. This HBN remained stable under high-ionic-strength conditions (e.g., 0.5 M

NaCl aqueous solution) and could prevent excessive accumulation of Na
+
 and Cl

-
 ions near contact surfaces
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Figure 1. Contact-electro-catalysis across a broad ionic-strength window: challenges, solutions, and opportunities. CEC: Contact-electro-
catalysis; DFT: density functional theory; EC: contact-electrification.

[16]
. As a result, ion-induced interference with CE-driven interfacial electron transfer was alleviated, while the

shield effect of the CE-derived electric field was reduced, significantly improving the CEC efficiency even in

ion-rich media.

Surface modulation may also provide a feasible approach to regulate interfacial ion distribution, as certain

ion species could be selectively repelled by tailored functional groups. Similarly, confinement using

nanopores, nanochannels, or specific surface morphologies may reshape local ion distribution by creating
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low-ion buffering regions. Consequently, CE-driven electron transfer near the contact interface may be

maintained even when the bulk solution is highly concentrated with ions.

At a more fundamental level, it is essential to gain a deeper mechanistic understanding of how the nature of

ions, ion concentration, and surface chemistry regulate CE at contact interfaces. In particular, ion adsorption

is a dynamic and time-dependent process, and kinetic studies may inspire the development of ultrafast CEC

strategies that minimize ion access to CE-active regions, thereby eliminating ion accumulation and the

associated performance degradation. We expect in-situ characterization and density functional theory (DFT)

calculations will facilitate such kinetic studies and help establish general design rules for CEC in high-ionic-

strength environments.

OPPORTUNITIES IN REALISTIC AQUEOUS ENVIRONMENTS
The development of CEC systems that maintain high efficiencies across a wide range of ionic strength could

substantially broaden the practical applicability of CEC. In particular, industrial wastewater, environmental

sewage, and municipal water streams often contain high concentrations of dissolved salts and charged

pollutants. A CEC platform that remains effective under such conditions could therefore open new

possibilities for direct industrial wastewater remediation, environmental water purification, tap water

treatment, and many more.

Covering more than 70% of the Earth’s surface, seawater represents another abundant and inherently ion-

rich medium
[ 2 9 , 3 0 ]

. One particularly attractive application is its use as a feedstock for hydrogen

production
[31,32]

. Compared with the increasing shortage of freshwater resources
[33]

, seawater is far more

abundant and readily accessible, making it an appealing alternative for sustainable hydrogen generation.

However, conventional polymer-based CEC catalysts often suffer an apparent decline in CE performance in

saline solutions rich in Na
+
 and Cl

-
 due to the shielding effect of ions

[33]
. We anticipate that advanced CEC-

based seawater hydrogen evolution platforms could not only reduce the reliance on scarce freshwater but

also offer a sustainable route for in situ hydrogen production by converting unlimited mechanical energy

from marine environments into electron transfer to drive the CEC process.

The development of highly efficient CEC systems for high-salinity conditions could also enable their

integration with electrocatalysis. More importantly, previous studies have demonstrated that the CE-derived

high-intensity electric field on dielectric surfaces can polarize adjacent metallic catalysts, and thereby

selectively promote their redox reactivities for certain reactions
[34-35]

. However, this CE-derived electric field

would be significantly shielded by ions, especially in electrolytes with high ion concentrations essential for

electrocatalysis. Consequently, the effective coupling of CEC and electrocatalysis remains challenging unless

strategies are developed to suppress ion adsorption and interfacial screening. Once these challenges are

addressed, this combination should render a significant improvement in both catalytic efficiency and

selectivity, breaking the scaling rule in catalysis.

OUTLOOK
High-ionic-strength media represent both a major challenge and a new opportunity for CEC. The challenge

arises mainly from the coexistence of competitive electron transfer and ion transfer during L-S CE. While

CE-driven electron transfer can accelerate target reactions, ion transfer can inhibit electron transfer without

contributing to catalysis. Therefore, a key requirement for enhancing CEC under high-ionic-strength

conditions is restricting ion transfer and accumulation at adjacent contact surfaces.

Microenvironment engineering offers a promising strategy for regulating ion distribution and preventing

excessive ion accumulation in regions where CE occurs. Recent studies have suggested that hydrogen bond
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networks (HBNs) can minimize the negative impact of ions by confining them to regions away from the

contact interface. As ion transport and accumulation are dynamic processes, advanced in-situ

characterization and DFT calculations are expected to facilitate kinetic studies to gain in-depth mechanistic

understanding for developing novel strategies and establishing general design rules to improve CEC

performance in high-ionic-strength environments.

We envision that, once these challenges are addressed, CEC can be extended to realistic aqueous systems that

are inherently rich in ions. This advancement would not only broaden the application scope of CEC, but also

enable its integration with electrocatalysis in high-ionic-strength media. Such integration could generate

synergistic effects for CEC and electrocatalysis to cooperatively enhance both the selectivity and efficiency of

important chemical reactions, potentially breaking the scaling rule in catalysis.
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