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Abstract: Solid-liquid contact electrification (CE) has recently emerged as a powerful means of initiating interfacial
chemical reactions via charge transfer. Fluorinated ethylene propylene (FEP) and polytetrafluoroethylene (PTFE) are
frequently employed as solid dielectrics owing to their fluorine-rich surfaces, which exhibit strong electron-withdrawing
characteristics. However, their high environmental cost and poor surface modifiability hinder the broader adoption
of contact-electro-chemistry (CE-Chemistry). Here, we report a low-cost and tunable dielectric alternative based on
silicon powder, surface-functionalized with fluorinated alkyl chains to mimic the interfacial properties of conventional
fluoropolymers. Fluorinated silicon powders (F-Si) were synthesized via a mild self-assembly approach using 1H,1H,2H,2H-
perfluorodecyltriethoxysilane. The resulting F-Si powders exhibited a 30-fold enhancement in methyl orange degradation
efficiency compared to unmodified silicon, and a 4-fold improvement in phenol degradation relative to size-matched FEP
powder. In contrast, aggressive fluorination via piranha-assisted pretreatment (P-F-Si) induced particle aggregation and
loss of CE reactivity, highlighting the importance of controlled surface engineering. Furthermore, CE-Chemistry enabled
the first noble-metal-free oxidation of I~ to I5~, establishing a low-energy, cost-effective paradigm for catalytic iodine
conversion. Together, these advances provide a sustainable materials design framework for CE-Chemistry, with broad
implications for scalable, green chemical transformation technologies.
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Introduction

Interfaces offer a promising platform for initiating chem-
ical reactions, particularly catalytic processes relevant to
environmental remediation and energy conversion.['*] Con-
ventional catalytic approaches, such as photocatalysis!®’]
and electrocatalysis,[®°! rely on external stimuli, including
light and applied voltage, and typically require specialized
catalysts featuring narrow bandgaps or high densities of
surface-active sites. In contrast, chemical reactions driven
by contact electrification (CE) at solid-liquid interfaces
have recently attracted increasing attention, owing to their
ability to proceed without external light or voltage.l'!°]

Moreover, CE induces interfacial electron transfer that
establishes a stable surface electric field with strong capability
for driving chemical reactions.'”] Enabled by interfacial
charge transfer, CE between solids and liquids can gen-
erate reactive oxygen species (ROS) in situ, facilitating
the catalytic degradation of organic pollutants,'®!° a pro-
cess termed contact-electro-catalysis (CEC).[>122°22] More
recently, the role of solid-liquid CE has expanded beyond
catalysis to encompass redox reactions,?***] polymeriza-
tion reactions,®! fluorescence modulation,/?®) and other
chemical transformations in nonaquous system,['72627] 2
broader framework referred to as contact-electro-chemistry
(CE-Chemistry).[?8!
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In CE-Chemistry, fluorinated polymers such as polyte-
trafluoroethylene (PTFE) and fluorinated ethylene propylene
(FEP) have emerged as the most widely used dielectric
materials.[*>%] Their exceptional electronegativity, stemming
from densely packed fluorine atoms, promotes strong inter-
facial charge transfer and the generation of a significantly
enhanced interfacial electric field.[?»32] Such electric field has
been effectively harnessed to drive a variety of reactions,
including the green synthesis of hydrogen peroxide,*>3*! the
degradation of organic pollutants,/'®3] and the recovery of
precious metals from spent lithium-ion batteries.}] Despite
these advantages, fluoropolymers present several critical
limitations that hinder their broader applicability. Their high
recycling challenge and complex, requiring harsh conditions
and specialized processing techniques.’>’1 Additionally,
their low surface energy and chemical inertness impede
further functionalization, restricting opportunities to tailor
their electronic or structural properties for specific reaction
environments.’®3°] These constraints, combined with their
rigid molecular architecture and poor scalability, underscore
the need for alternative dielectric materials that are cost-
effective, environmentally benign, and structurally versatile,
while maintaining or surpassing the interfacial charge transfer
efficiency necessary for high-performance CE-Chemistry.

In this work, we present a functionalized dielectric
material (F-Si) fabricated by grafting 1H, 1H, 2H, 2H-
perfluorodecyltriethoxysilane (FDTES) onto silicon powder,
a cost-effective, structurally versatile substrate. The optimized
F-Si demonstrated a striking 30-fold increase in methyl
orange (MO) degradation efficiency compared to pristine
silicon powder, and a 4-fold enhancement in phenol degra-
dation relative to FEP powder of similar particle size. To
further regulate surface fluorine density, a hydroxylation
pretreatment with piranha solution was introduced prior to
fluorination, producing a high-fluorine variant denoted P-
F-Si. Despite its elevated fluorine content, P-F-Si exhibited
reduced catalytic performance due to particle aggregation,
which diminished the accessible solid-liquid interfacial area
and the number of active sites. These results highlight the
pivotal role of fluorination strategy and particle morphol-
ogy in dictating interfacial reactivity. Importantly, the mild
fluorination approach employed here not only improved
catalytic efficiency but also reduced fabrication costs and
minimized fluorinated waste output. Through the synergistic
modulation of resistivity and surface chemistry, F-Si offers
a new design blueprint for constructing green, efficient, and
scalable catalytic systems in CE-Chemistry.

Results and Discussion

Investigations on the Degradation of MO

CE-Chemistry emerges as an innovative paradigm in green
chemistry, leveraging its metal-free catalytic nature and ver-
satile material compatibility. Beyong the commonly employed
fluorinated solid dielectric such as FEP and PTFE, this study
introduce silicon as a dielectric material, capitalizing on its
tunable surface functionalization potential for enhanced CE-
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Chemical reaction efficiency. As illustrated in Figure 1a, 10 mg
of dielectric material was added to 10 mL of 5 ppm MO
solution. Mechanical stirring was employed to enhance solid—
liquid interfacial contact. The molecular structure of MO is
shown in Figure S1. The as-prepared suspension was then
ultrasonicated at 40 kHz with a power of 120 W, while the
reaction temperature was controlled using a thermostatic cir-
culator (Figure S2). Under identical experimental conditions,
MO degradation was performed using two silicon powders
with resistivities (10 and 100 ©-m), respectively. As shown
in Figure 1b, in the CE-Chemistry system, 10 Q-m silicon
powder exhibited a degradation rate of 50% after 1 h of
ultrasonication treatment, whereas no significant degradation
was observed for 100 ©-'m silicon powder under identical
conditions. Upon extending the reaction duration to 4 h, the
degradation rate of MO solution surged to 35% (100 €2-m)
and 87% (10 ©-m), respectively, with a difference in reaction
efficiency of 2.5 times. The enhanced catalytic efficiency may
originates from the low-resistivity silicon powder (10 €-m)
promoting the generation of a higher density of electrons.
These electrons are readily captured by molecular oxygen,
leading to the formation of a greater concentration of
superoxide radicals ('O, ). The formation of these dielectric
material induced ROS significantly improves the degradation
efficiency of the pollutants.[*!]

To overcome the inherent activity limitations of silicon
materials, FDTES was used to perform surface grafting flu-
orination on silicon powder. The resulting material (denoted
as F-Si) enhances the surface electron affinity through C—F
bonds. As depicted in Figure S3, the time-dependent UV-vis
spectra of MO degradation mediated by F-Si in the CE-
Chemistry system indicated 50% degradation efficiency after
5 min sonication treatment. Figure S4 shows the color change
of the MO solution under different ultrasonic treatment times.
When the ultrasonic treatment lasted for about 40 min, the
solution turned transparent. The degradation efficiency of F-
Siis approximately 29 times higher than that of unfluorinated
silicon powder (Figure 1c). To further regulate the density
of fluorine atom density on the silicon surface, piranha
solution was used to pre-hydroxylate the silicon powder,
followed by FDTES for fluorination treatment, yielding a high
fluorine density material denoted as P-F-Si. The degradation
efficiency of MO by P-F-Si are shown in Figure S5. F-Si
exhibits superior degradation efficiency compared to both
P-F-Si and Si. This phenomenon may be attributed to the
piranha treatment induced increase in hydroxyl group density
on the silicon surface, which promotes particle aggregation
and reduces the specific surface area, thereby diminishing the
reaction efficiency. The consistent trends in MO degradation
efficiency (Figure S5) and charge transfer (Figure S6) among
F-Si, P-F-Si and Si establish a clear correlation between
CE performance and chemical reactivity. To further clarify
this mechanism, the pH value changes of the aqueous
solutions were monitored after ultrasonication treatment in
the presence of F-Si and P-F-Si, respectively. As shown in
Figure S7, the pH of deionized (DI) water remained neutral,
whereas both F-Si and P-F-Si systems exhibited a pH decrease
under identical ultrasonic treatment conditions. Notably, the
pH reduction was more pronounced in the F-Si aqueous
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Figure 1. Degradation of MO by CE-Chemistry. a) Graphical description of the experimental set-up. b) Degradation of MO with different resistivities
silicon powder. c) Comparison of the degradation efficiency of MO by Si and F-Si. d) Evolution of MO concentration in conditions of various radical
scavengers. Ter-butanol, p-benzoquinone, and EDTA-2Na are regarded as -OH, 'O, ™, and proton scavengers, respectively. €) DFT simulations of
electron transfer energy barriers and electron transfer quantities in different dielectric materials. f) The mechanism of MO degradation by radicals
generated through CE-Chemistry. Error bars represent standard deviations for three reproduced experiments.

solution. This phenomenon may be attributed to the CE
effect, wherein water molecules transfer electrons to dielectric
materials and generate hydrogen ions (H'). These results
demonstrate that F-Si, as a novel dielectric material, exhibits
superior electron transfer efficiency at solid-liquid interfaces,
thereby significantly enhancing CE-Chemistry activity. Given
the potential influence of temperature on chemical reactions,
we systematically investigated MO degradation efficiency
at different temperatures. Unexpectedly, the degradation
efficiency decreased with increasing temperature (Figure S8),
contrary to the conventional expectation from the Arrhenius
equation.[**] This anomalous behavior reflects the interfacial
nature of CE-Chemistry: higher temperatures enhance ionic
mobility, which accelerates electrical double layer (EDL)
formation and intensifies screening effects that suppress
interfacial electron transfer.l'’! To ensure optimal reaction
efficiency, the reaction temperature was therefore maintained
at 20 °C using a thermostated circulating water bath.

To systematically evaluate the CE-Chemical performance
of F-Si, phenol was selected as a model organic pollutant
for degradation, with FEP powder serving as the control
material. As illustrated in Figure S9, in the CE-Chemistry
system, the degradation efficiency of phenol by F-Si consis-
tently surpassed that of FEP. After 4 h of ultrasonication
treatment, the phenol degradation efficiency of F-Si was
four times higher than that of FEP powder with the
same particle size. To elucidate the degradation mechanism,
‘OH concentrations induced by different dielectric materials
in CE-Chemistry were quantitatively analyzed via UV-vis
spectroscopy (Figure S10). The results demonstrated that
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‘OH generation with F-Si consistently exceeded that with
FEP. This phenomenon might be attributed to the superior
CE capability of F-Si. Furthermore, pH monitoring of the
aqueous solution during ultrasonication revealed that the
pH of the F-Si system was consistently lower than that of
FEP, stabilizing at approximately 3.0 after 5 h (Figure S11).
This integrated evidence confirms that enhancing the CE
process significantly boosts catalytic efficiency in the reaction.
This study not only validates that resistivity modulation
and surface fluorination engineering are effective strategies
for optimizing catalytic reactions, but also provides a new
paradigm for designing high-performance, recyclable green
catalytic materials.

Radical quenching experiments were employed to illus-
trate the contribution mechanism of ROS during the degrada-
tion process of MO. In this study, ter-butanol, p-benzoquinone
and ethylenediaminetetraacetic acid disodium salt (EDTA-
2Na) are regarded as -OH, 'O, ", and holes (h™) scavengers,
respectively. The degradation efficiency of MO was observed
at different time intervals.[*® As shown in Figure 1d, the
degradation efficiency of MO was significantly suppressed in
the presence of tert-butanol and p—benzoquinone, confirming
that both -OH and 'O,~ dominated the degradation process.
The relationship between the concentration of dissolved O,
and the degradation rate was further explored under different
atmospheric conditions (air, oxygen, and argon). The fastest
degradation rate (94.28%) was achieved in air, whereas the
lowest (87.02%) was observed under an argon atmosphere
(Figure S12). Notably, the degradation rate decreased to
90.82% when pure oxygen was introduced, which may be
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attributed to the inhibition of electron induction and transfer
during CE under a strongly oxidizing atmosphere, thereby
reducing the catalytic activity.[*!] The superior catalytic activ-
ity of F-Si can be directly correlated with its structural and
electronic features. Density functional theory (DFT) calcula-
tions (Figure le) reveal that F-Si possesses the lower energy
barrier for electron transfer and the higher theoretical charge
transfer capacity than Si. Therefore, surface fluorination of F-
Si should play a decisive role in enhancing CE performance
by increasing surface electronegativity, stabilizing interfacial
charges, and improving hydrophobicity. The degradation
mechanism of MO is depicted in Figure 1f. Fluorine atoms
in F-Si, acting as strong electron-withdrawing groups, which
enhance the efficiency of electron transfer at the solid-liquid
interface during CE process. Specifically, ultrasonic cavitation
facilitates continuous contact-separation cycles between solid
and liquid. This drives interfacial charge transfer during
CE process, generating ROS that ultimately degrade MO
efficiently.

Characterization of the Dielectric Powders

The structural diagram of silicon surface after fluorination
treatment is shown in Figure 2a. Silicon powder with a
native SiO, layer was first immersed in a mixed solution
of FDTES and isooctane to enable self-assembly, yielding
fluorinated silicon (F-Si). To increase the surface grafting
density of fluorine atoms, a hydrophilic pretreatment was
applied. The silicon powder was treated with piranha solution
(H,SO4:H,0, = 7:3) at room temperature to enhance surface
hydroxylation, followed by FDTES self-assembly in isooc-
tane. This process yielded the piranha-treated, fluorinated
silicon powder, denoted as P-F-Si. The chemical composition
of the modified silicon surface was detected by X-ray photo-
electron spectroscopy (XPS). The obvious Fls peak of F-Si
and P-F-Si were observed at 687 eV, attributed to covalent
C—F bonds in FDTES chains (Figure 2b). Furthermore, the
F1s peak intensity of P-F-Si pretreated with piranha solution
was significantly higher than that of F-Si, indicating that
piranha pretreatment enhanced the surface hydroxyl density,
promoting the covalent grafting of more FDTES chains,
thereby increasing the surface density of fluorine atoms.
The absence of peaks at 684 eV (characteristic of inorganic
fluorides) further verifies the absence of physical adsorp-
tion, demonstrating the succcessful fluorine modification of
FDTES on the silicon surface. The corresponding Si2p, Ols,
Cls and F1s XPS spectra of Si, F-Si and P-F-Si were displayed
in Figures S13-S15, respectively.

Notably, the observation of Si—O bonds in Si powder
confirms the existence of a surface silicon oxide layer. The
oxide layer facilitates subsequent fluorinated grafting by
providing reactive surface sites. The presence of a surface
silicon oxide layer was further confirmed by Fourier trans-
form infrared (FTIR) spectroscopy (Figure S16), showing
characteristics absorption at 800, 1095, and 1261 cm™! (cor-
responding to S—O—Si bond) and 960 cm™! (corresponding
to Si—OH bond). FTIR spectroscopy of F-Si and P-F-Si
surfaces confirmed the presence of fluorocarbon functional
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groups, evidenced by strong absorption peaks at 1216 cm™!

(attributed to C—F stretching vibrations in —CF, —CF, and
—CF; groups) and additional absorption peaks at 576, 754,
and 1122 cm™! (corresponding to the vibration of C—F bond
in —CF, —CF, and —CF; groups). The self-assembled surface
was energy-dispersive X-ray spectroscopy (EDS) analysis also
confirmed the above results (Figure 2c). X-ray diffraction
(XRD) analysis (Figure S17) confirms the retention of
Si’s crystalline structure after fluorination, as evidenced by
invariant characteristic diffraction peaks at 28.4°, 47.3°, 56.1°,
69.1° and 76.4° (corresponding to (111), (220), (311), (400)
and (331) planes, respectively).

To quantitatively evaluate the effect of fluorination
modification on the wettability of silicon powder surface,
the contact angles of the silicon powder before and after
modification were measure and compared (Figure 2d). The
contact angle of the silicon powder before modification
was 13.78°, while the contact angle of F-Si and P-F-Si
after modification increased to 125.27° and 129.6°, indicating
significantly enhanced hydrophobicity of the silicon surface
after fluorination treatment. The dispersion behavior of Si,
F-Si, and P-F-Si in MO solution further confirms the success
of fluorination modification. It is worth noting that the inter-
facial contact state between particles and water is governed
not only by the static contact angle, but also by particle
size, morphology, dispersion, and wetting state. As shown
in the dispersion states of F-Si and P-F-Si in MO solution
(Figure 2d), both materials are hydrophobic, yet their distinct
aggregation behaviors alter buoyancy and interfacial wetting.
P-F-Si aggregates more readily, promoting local wetting and
gravitational settling, whereas F-Si remains more dispersed,
thereby sustaining a stable air layer and stronger apparent
hydrophobicity. Smaller particles have also been reported
to form more uniform climbing films on vessel walls.[*?] In
agreement, the larger P-F-Si particles are more prone to
aggregation and sedimentation (Figure 2d), appearing less
hydrophobic at the water surface than F-Si. The particle size
analysis in Figure 2e demonstrates that the particle size of all
fluorinated silicon powders increased, with the P-F-Si sample
exhibiting a more significant increase. This result was further
confirmed by the scanning electron microscope (SEM) images
provided in Figure S18. This phenomenon may be attributed
to the introduction of abundant hydroxyl groups on the
silicon powder surface following piranha solution treatment,
where hydrogen bonding interactions intensify interparticle
agglomeration. The Brunauer-Emmett-Teller (BET) specific
surface areas test further confirmed (Figure 2f) that P-F-Si has
the lowest specific surface area, which may led to a decrease
in solid-liquid CE efficiency and diminish the degradation
of MO. Figure S19 shows the nitrogen adsorption—desorption
isotherm of Si, F-Si, and P-F-Si.

To detect the generation of radicals in the CE-Chemistry
system, 1,2-diaminobenzene (OPD) served as a detection
probe for -OH.['*] The detection mechanism involves the
oxidation of OPD by -‘OH to form diaminophenothiazine
(DAP), which exhibits a characteristic absorption peak at
424 nm (Figure 3a). As shown in Figure 3b, which depicts
the -OH concentration distribution for different dielectric
materials over time. The F-Si system exhibits significantly
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Figure 2. The design and characterization of silicon powder fluorination. a) Schematic diagram of self-assembled FDTES monolayer formed on the
silicon powder surface. b) XPS spectra of the Si, F-Si, and P-F-Si surface, the latter showing intense Fls peak. c) EDS images of F-Si. d) Contact angles
of Si, F-Si, and P-F-Si, and optical photographs of their dispersion states in MO solution. e) The size distribution and f) BET specific surface areas of
Si, F-Si, and P-F-Si. Error bars represent standard deviations for three reproduced experiments.

higher -OH production than the other two dielectric materials.
This results are related to the efficiency of CE at solid-liquid
interface in CE-Chemistry systems. Electron paramagnetic
resonance (EPR) spectroscopy was conducted to measure
and compare the electron transfer under different dielectric
materials. 5,5-dimethyl-1-pyrroline N- oxide (DMPO) is the
capture for -OH, the specific reaction mechanism is shown in
Figure 3a. In Figure 3c, we observe the signal produced by
the adducts obtained from the reaction between DMPO and
‘OH, namely DMPO--OH, after 30 min of ultrasonication in
presence of these three materials. The highest intensity of the
‘OH, is exhibited with F-Si, followed by P-F-Si and Si. The

Angew. Chem. Int. Ed. 2025, 64, €202517059 (5 of 9)

comparison among P-F-Si, F-Si, and Si provides insight into
their overall performance in CE-driven chemistry. Effective
CE reactivity is not dictated by particle size alone, but by the
combined influence of surface functionalization, dispersion,
and aggregation. Although the larger size of P-F-Si reduces
particle number per unit mass, surface fluorination enhances
its CE ability, resulting in stronger reactivity than unmodified
Si (Figure 3b,c). However, its stronger aggregation diminishes
CE performance relative to F-Si, which possesses the same
fluorination but maintains better dispersion. Faraday cup
measurements further confirm this trend: P-F-Si carries more
charge than Si but less than F-Si (Figure S6), suggesting
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Figure 3. Investigation on the contribution of radicals to degradation of MO. a) The generation of -OH in the CE-Chemistry system was detected from
the top to the bottom by UV-vis and EPR. b) Evolution of OPD solution absorbance treated with different three dielectric materials (Si, F-Si, P-F-Si).
c) EPR spectra of DMPO--OH were recorded after ultrasonication treatment in the presence of the dielectric material. d) The generation of ‘O, in
the CE-Chemistry system was detected from the top to the bottom by UV-vis and EPR. e) Evolution of NBT solution absorbance treated with different
three dielectric materials (Si, F-Si, P-F-Si). f) EPR spectra of TEMP-'0, were recorded after ultrasonication treatment in the presence of the dielectric
material. Error bars represent standard deviations for three reproduced experiments.

a limited surface electrostatic electric field. These results
highlight that distinct material characteristics, surface chem-
istry, morphology, and aggregation, collectively determine
CE performance, interfacial electric fields, and subsequent
chemical reactivity. On the other hand, 'O, detection was
performed using nitroblue tetrazolium (NBT) colorimetric
assay.’l The detection mechanism is shown in Figure 3d,
yellow NBT changes to blue Formazan to indicate the
presence of "O,”. Kinetic analysis indicated that there was
no significant difference in the generation rate of ‘O,~ among
the three dielectric materials (Figure 3e), which was consistent
with the EPR results (Figure 3f): singlet oxygen (10;),
the oxidative product of "0, ,[* was captured by 2,2,6,6-
tetramethylpiperidine (TEMP).’!l The degradation process
of MO is driven by the synergy of -OH and "O,~, with
‘OH playing a dominant role. F-Si significantly enhances the
electron transfer efficiency at the solid-liquid interface due
to its surface fluorination engineering, thereby increasing the
CE-Chemistry activity.

Although particle aggregation is observed for P-F-Si, it is
not inherently detrimental. On the contrary, it offers a valu-
able opportunity to compare systems with different effective
interfacial areas and dispersion states, thereby advancing our
understanding of how morphology and interfacial structure
govern CE performance and chemical reactivity. There is
an alternative hydroxylation strategy using oxygen plasma
treatment (100 W, 10 min) as a dry, solvent-free, and mild
pretreatment, followed by FDTES fluorination. XPS analysis
(Figures S20 and S21) confirmed successful fluorine grafting,
with a surface fluorine density comparable to that of F-Si
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(Table S1). As shown in Figure S22, the particle size of
the plasma-assisted fluorinated material (Plasma-F-Si) is ~
417 pm, substantially smaller than that of P-F-Si (~ 800 um)
but still lagger than that of F-Si (~ 360 um). This improved
particle dispersion, together with stable fluorination, accou-
ters for the high catalytic activity of Plasma-F-Si, which was
significantly higher than P-F-Si but slightly lower than F-Si in
MO degradation experiments (Figure S23).

Finally, the cycling stability of F-Si as a dielectric mate-
rial in the CE-Chemistry system was evaluated. After five
consecutive cycles, F-Si showed negligible change in MO
degradation performance (Figure S24). XPS spectra of the
recycled F-Si powder (Cls, Fls, Si2p, and Ols) revealed no
binding energy shifts or new peak formation (Figure S25),
confirming that the surface chemical composition remained
stable before and after reaction. Moreover, total organic
carbon (TOC) analysis of the reaction system showed negli-
gible variation in organic carbon concentration (Figure S26),
further indicating the absence of carbon leaching or structural
decomposition during the CE-Chemistry process. Together,
these results validate the high chemical and structural stability
of F-Si under the tested conditions. Overall, reactivity of CE-
Chemistry is governed by the interplay of material resistivity,
surface chemistry, and particle morphology. Low resistivity
in dielectrics is beneficial as it promotes charge transport
to the solid-liquid interface while retaining the dielectric
character necessary for CE. Surface fluorination further
enhances electronegativity, charge stability, and interfacial
field strength, whereas smaller or well-dispersed particles
increase effective interfacial area.

© 2025 Wiley-VCH GmbH
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Figure 4. 1~ oxidation to I3~ through CE-Chemistry. a) UV-vis spectra of a 10 mL aqueous Nal solution under different ultrasonication treatment
times in the presence of F-Si powder. b) Typical mass spectrum showing the oxidation products of ™. c) Proposed mechanism for the oxidation of I~

by CE-Chemistry generated radicals.

Versatile Applications of CE-Chemistry

Iodine active species, such as atomic iodine (I'), molecular
iodine (I;), and triiodide (I;~), play multifaceted roles in
atmospheric chemistry and environmental catalysis.[***1 For
example, I' and I, catalyze ozone decomposition and oxi-
dize gaseous elemental mercury (Hg") to Hg>" compounds,
profoundly impacting atmospheric oxidative capacity and
pollutant transport pathways.’*>?] In energy materials, I3~
as an efficient redox mediators can enhance the energy
efficiency of zinc-air batteries.® Traditional generation of
I' typically relies on thermal decomposition, photolysis, or
chemical initiators, but these methods suffer from high energy
demands, poor selectivity, and undesired side reactions,
limiting practical utility. Here, we report for the first time
that I~ can be oxidized to I3~ via CE-Chemistry, enabling
noble-metal-free iodine activation under mild conditions.
This advance establishes a low-energy pathway for catalytic
iodine conversion, with broad implications for atmospheric
pollutant mitigation, green energy systems, and sustainable
iodine cycling.

The oxidation reaction was achieved in 1 mM aqueous
potassium iodide (KI) solution in presence of 10 mg of
F-Si powder. To investigate the oxidation of KI process,
aliquots were sampled at specific intervals and analyzed by
UV-vis absorption spectroscopy. As shown in Figure 4a, the
characteristic absorbance peak of I3~ at ~288 and ~352 nm
was observed, the peak of I3~ increased as the ultrasonication
time increased. This resulted was consistent with reported
literature.[>*>%1 Figure 4b shows the mass spectrum of the KI
solution after ultrasonic treatment for 4 h. A characteristic
peak of the I~ is observed at m/z 127, while the signal at
m/z 293 is attributed to the KI,~. Additionally, the signal at
m/z 254 corresponds to the I,~, formed via the combination
of I' with I~. The signal at m/z 381 is assigned to the I3,
generated by the binding of two I' to one I~. The presence
of I~ and I3~ confirms the oxidative polymerization reaction
of I" induced by the CE-Chemistry. Figure 4c summarizes
and illustrates the proposed CE-Chemistry-driven oxidation
mechanism of ™. Firstly, H,O underwent continuous electron
transfer toward the F-Si during the CE process in the
formation of water radical cations. These water radical cations
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combine with water form hydronium cations and -OH. The
highly oxidative ‘OH can oxidize I~ to I', where I" further
evolves into the products I, and I3~ with other I~ or
I'. Therefore, the F-Si dielectric materials constructed via
surface fluorination engineering strategy not only provide a
straightforward approach to enhance the catalytic efficiency
of CE-Chemistry, but also offer a highly promising solution
for designing high-efficiency catalytic systems in chemical
engineering and environmental energy fields.

Conclusion

This study establishes that the reactivity of CE-Chemistry is
governed by the resistivity, surface fluorination strategy, and
particle size of the dielectric substrate. Low-resistivity sili-
con powder accelerates interfacial electron transfer, thereby
enhancing catalytic activity. Through tailored surface flu-
orination, F-Si materials exhibit significantly boosted CE
performance, achieving a 30-fold increase in MO degradation
and a 4-fold improvement in phenol degradation compared
to unmodified silicon and similarly sized FEP, respectively.
While aggressive fluorination via piranha-assisted treatment
increases fluorine grafting density, it also induces severe
aggregation, diminishing surface area, and reactivity. In
contrast, the mild self-assembly fluorination strategy not only
preserves dispersity and surface accessibility but also offers a
cost-effective and environmentally benign route for dielectric
modification. Importantly, we demonstrate for the first time
that CE-Chemistry can drive the oxidation of I~ to I3~
without noble metal catalysts, substantially lowering energy
input and material costs. This advance redefines the catalytic
landscape of CE-Chemistry, with transformative implica-
tions for green energy technologies, atmospheric pollutant
regulation, and sustainable iodine cycling, etc.
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