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Abstract: The substantial presence of nitrogen oxides (NO and NO2) in outdoor environments
detrimentally impacts natural ecosystems and exerts significant influence on urban climates.
Conventional NOx treatment methods frequently suffer from challenges such as harsh reaction
conditions and high energy consumption. Consequently, the development of advanced
photocatalytic systems to efficiently degrade NOx while minimizing the formation of toxic
byproducts represents a critical challenge in environmental catalysis. In this study, a novel ternary
composite material (5% Mo-CN/InP-NBOC) was constructed via hydrothermal synthesis and surface
modification strategies, achieving 42% NO oxidation efficiency under visible light irradiation with a
mere 0.9% NOz generation rate. This performance demonstrates efficient photocatalytic NO oxidation
while effectively suppressing NO: production. Systematic characterization techniques, including
XRD, TEM, and XPS, confirmed the successful integration of InP quantum dots (5-10 nm) and
amorphous Mo-CN onto NBOC nanosheets, forming an intimate heterojunction structure. PL and
ESR analyses revealed that Mo-CN enhances charge carrier separation and governs the NO oxidation
process through the activation of dual free radical pathways (¢O2 and ¢OH). This work establishes
a "quantum dot-primary catalyst-cocatalyst” ternary collaborative design paradigm, providing
experimental evidence and theoretical models to address the challenges of synergistic optimization
among activity, selectivity, and stability in photocatalytic NOx treatment.

Keywords: Photocatalysis; Bi202COs3; Amorphous g-CsN4; InP quantum dots; interface; Catalytic oxidation of
NO

1. Introduction

Nitrogen oxides (NOx) represent one of the primary sources of atmospheric pollution, with their
toxic derivatives (such as NO: and nitrate particles) posing significant threats to human health and
ecological systems [1-5]. Photocatalytic technology has emerged as an effective approach for NOx
mitigation due to its environmentally friendly and highly efficient characteristics [6-9]. However,
conventional photocatalytic materials (e.g., TiO2) remain constrained by wide bandgaps and low
visible light utilization efficiency, coupled with the persistent issue of high NO2 byproduct generation
rates [10-16]. Recent advancements in the development of narrow-bandgap semiconductors (e.g.,
bismuth-based materials) coupled with quantum dot-based composite photocatalytic systems have
opened new avenues to overcome these limitations [17, 18]. Bi202COs (BOC), as a layered bismuth-

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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based semiconductor, has attracted considerable attention owing to its unique optical properties and
chemical stability, though its practical application is restricted by a limited visible light response
range [19-23]. Conversely, indium phosphide (InP) quantum dots exhibit excellent light absorption
capacity but suffer from insufficient catalytic stability due to their propensity for surface oxidation
[24-26]. Current research focuses on addressing the central challenge of enhancing photogenerated
charge carrier separation efficiency while suppressing byproduct formation through material
composite engineering and modification strategies.

For the efficient photocatalytic removal of NOx, significant advancements in material design and
mechanistic understanding have been achieved by researchers worldwide. In the field of bismuth-
based materials, nitrogen-doped Bi202COs (NBOC) demonstrates reduced bandgap and extended
light-responsive range through nitrogen incorporation [27-29]. Meanwhile, InP quantum dots,
characterized by their narrow bandgap (~1.35 eV), have been extensively employed in photocatalytic
systems. Their integration with wide-bandgap semiconductors (e.g., InP/TiO2 hybrids) significantly
enhances visible light absorption [30-33]. Nevertheless, the inherent drawback of rapid charge carrier
recombination persists in single-component systems. Recent studies highlight graphitic carbon
nitride (g-CsN4) as a stable cocatalyst with tunable electronic structures. Particularly, Mo-doped g-
CsNs (Mo-CN) exhibits enhanced interfacial charge transfer efficiency through metal-nonmetal
synergistic interactions [34, 35]. However, critical issues such as active site coverage and limited
capability in byproduct suppression within composite systems remain to be thoroughly investigated.

Simultaneously, the four primary technical challenges confronting contemporary photocatalytic
NO oxidation systems have emerged as critical bottlenecks hindering their technological
advancement: (1) Insufficient optimization of visible light absorption range and charge carrier
separation efficiency in composite materials; (2) Inadequate interfacial contact between quantum dots
and host materials, potentially impeding electron transfer; (3) Lack of effective modulation
mechanisms for NO:z byproduct generation pathways, compromising practical application safety; (4)
Persistent technical bottlenecks regarding the stability and reproducible fabrication of multi-
component composites [36].

This study employed a hydrothermal synthesis method to construct InP-NBOC nanosheets,
followed by loading Mo-CN at varying mass ratios (1-10%). The material's structure and surface
chemical states were systematically characterized using transmission electron microscopy (TEM), X-
ray diffraction (XRD), and X-ray photoelectron spectroscopy (XPS). Under visible light irradiation (A
> 430 nm), the composite materials were evaluated for their NO oxidation efficiency and NO:
generation rates, revealing an optimal Mo-CN loading ratio of 5% (achieving 42% NO oxidation
efficiency and 0.9% NO: generation rate). Complementary analyses involving ultraviolet-visible
absorption spectroscopy (UV-vis), photoluminescence spectroscopy (PL), and electron paramagnetic
resonance (ESR) elucidated the charge carrier transfer pathways and reactive oxygen species (ROS)
generation mechanisms. Experimental results demonstrate that synergistic contributions from ¢Oz-
and *OH dominate the NO oxidation process, while Mo-CN'’s electron migration capability
effectively suppresses secondary NO: conversion. This work pioneers the ternary integration of InP
quantum dots, NBOC, and Mo-CN, offering both theoretical and technical insights for the
multifunctional design of photocatalytic materials.

2. Results and discussion

2.1 Photocatalytic performance analysis

We conducted photocatalytic oxidation NO tests on the prepared composite materials. Figure
1(a) shows the photocatalytic oxidation NO activity of each sample under visible light conditions.
The InP-NBOC sample exhibited an NO oxidation rate of approximately 30%, attributed to the
enhanced visible light absorption facilitated by InP quantum dots on NBOC. After introducing Mo-
CN into InP-NBOC, the catalytic activity of the composite improved significantly. The 1% Mo-
CN/InP-NBOC and 3% Mo-CN/InP-NBOC samples achieved NO oxidation rates of around 40%.
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With increasing Mo-CN mass ratios, the 5% Mo-CN/InP-NBOC sample demonstrated optimal
photocatalytic activity, reaching an NO oxidation rate of 42%. However, further increasing the Mo-
CN mass ratio led to a slight decline in the photocatalytic NO oxidation rate, with the NO oxidation
rate dropping to 39%. This reduction may result from excessive Mo-CN coverage of active sites on
InP-NBOC, thereby diminishing catalytic performance. Nonetheless, all Mo-CN/InP-NBOC
composites with varying mass ratios exhibited enhanced photocatalytic NO oxidation activity
compared to pure InP-NBOC. Combined with previous research in earlier chapters, the synergistic
interaction between Mo-CN and InP-NBOC proves beneficial for catalytic enhancement.

On the other hand, Mo-CN substantially suppressed NO: generation in InP-NBOC. Figure 1(b)
displays the photocatalytic NO2 generation profiles of the composites under visible light. The NO:
generation rate of InP-NBOC reached 5.8% at 30 min, indicating poor intrinsic NO2 suppression
capability. However, introducing Mo-CN revealed a clear trend: the 1% Mo-CN/InP-NBOC, 3% Mo-
CN/InP-NBOC, and 5% Mo-CN/InP-NBOC samples exhibited NO: generation rates of 7%, 3%, and
0.9% at 30 min, respectively. Remarkably, the 10% Mo-CN/InP-NBOC sample showed a near-zero
NO: generation rate. These results demonstrate that increasing the Mo-CN mass ratio significantly
enhances the composite’s ability to inhibit NO2 production. The photocatalytic NO oxidation tests
confirm that Mo-CN not only improves the NO oxidation activity of InP-NBOC but also effectively
suppresses the formation of the toxic byproduct NO2.
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Figure 1. (a) NO oxidation diagram and (b)NO: generation diagram of composite materials under visible light.

In addition to testing the NO oxidation of samples with different ratios, we also compared the
photocatalytic activity of Mo-CN/InP-NBOC with other samples. Figure 2(a) shows the NO oxidation
of various reference samples under visible light. The photocatalytic NO oxidation rates of the NBOC,
InP-NBOC, Mo-CN-NBOC, and 5% Mo-CN/InP-NBOC samples are 13%, 28%, 35%, and 42%,
respectively. This indicates that 5% Mo-CN/InP-NBOC exhibits superior NO oxidation activity
compared to other reference samples. Figure 2(b) shows the NO, generation of various reference
samples under visible light. The photocatalytic NO, generation rates of the NBOC, InP-NBOC, and
Mo-CN-NBOC samples at 30 min are 5.8%, 4%, and 3.5%, respectively. Notably, the NO, generation
rate of the 5% Mo-CN/InP-NBOC sample is only 0.9%, demonstrating that the 5% Mo-CN/InP-NBOC
sample achieves optimal performance in both photocatalytic NO oxidation and NO, suppression.
However, unfortunately, the introduction of Mo-CN did not stabilize the catalytic activity of the Mo-
CN/InP-NBOC system, which may be due to changes in InP.
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Figure 2. NO oxidation diagram of each reference sample (a) under visible light; (b)NO: generation diagram.

2.2 Phase analysis

The phase composition of the composite samples was analyzed via XRD. Figure 3 presents the
XRD patterns of the samples. The diffraction peaks of InP-NBOC and the 5% Mo-CN/InP-NBOC
composite align well with the standard reference card for bismuth oxycarbonate (PDF: 41-1488).
Compared to InP-NBOC, the XRD peaks of the 5% Mo-CN/InP-NBOC sample show no significant
shifts or broadening, indicating that the introduction of Mo-CN neither induces structural distortion
in the InP-NBOC crystalline framework nor alters its crystallinity. The peak profiles exhibit no
substantial modifications between the two samples, and the relative intensities of the diffraction
peaks remain largely consistent, suggesting no preferential growth along specific crystal planes.
Additionally, no new diffraction peaks emerge in the 5% Mo-CN/InP-NBOC pattern, as Mo-CN exists
in an amorphous state with disrupted crystallinity, rendering its characteristic peaks undetectable in
XRD. These observations collectively confirm that Mo-CN is uniformly loaded on the surface of InP-
NBOC without significantly affecting its crystalline structure.
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Figure 3. XRD patterns of each sample.

2.3 Optical property analysis

Figure 4(a) shows the UV-visible absorption spectra of the samples. InP-NBOC exhibits light
absorption in the wavelength range of 350-550 nm, primarily due to the strong light absorption
capability of the prepared InP quantum dots in this range, which enhances the absorption of NBOC
material at these wavelengths. The introduction of Mo-CN induces noticeable absorption tailing in
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InP-NBOC, enabling the Mo-CN/InP-NBOC composite to absorb visible light within the 400-800 nm
wavelength range. This indicates that Mo-CN strongly interacts with the composite, effectively
broadening the light absorption range of InP-NBOC and further enhancing its NO oxidation activity
under visible light.

Figure 4(b) displays the PL spectra of the samples. The InP-NBOC sample shows distinct
fluorescence emission peaks in the 340-500 nm wavelength range. Upon introducing Mo-CN, the
fluorescence emission intensity of InP-NBOC gradually decreases with increasing mass ratios of
added Mo-CN. This demonstrates that Mo-CN reduces electron-hole recombination in the composite,
promoting charge carrier migration and enabling more carriers to participate in surface reactions.
Based on these characterizations, we conclude that the incorporation of Mo-CN improves the optical
properties of InP-NBOC, likely facilitating the photocatalytic NO oxidation process.

InP-NBOC
(a) (b) -
1% Mo-CN/InP-NBOC
3% Mo-CN/InP-NBOC
——5% Mo-CN/InP-NBOC
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Figure 4. (a) UV-Vis absorption spectrum of each sample; (b) PL spectrum.

2.4 Morphology analysis

Figure 5(a) shows the TEM image of the 5% Mo-CN/InP-NBOC sample, revealing that 5% Mo-
CN/BOC consists of numerous lamellar nanosheets stacked in various orientations and angles. This
intergrown morphology facilitates comprehensive utilization of light energy during irradiation. The
nanosheets range in size from 100 to 200 nm. Lattice fringes observable in the central region of Figure
5(a) likely correspond to NBOC within the composite. On these thin nanosheets, uniformly
distributed dark spots with sub-nanometer diameters are visible, which are hypothesized to be InP
quantum dots uniformly dispersed on the nanosheets. This conjecture is further verified by HRTEM
analysis.

Figure 5(b) presents the HRTEM image of 5% Mo-CN/InP-NBOC, confirming the presence of
InP quantum dots in the composite. Nanosheets exhibiting lattice fringes are measured to belong to
the (013) crystal plane of NBOC, with a lattice spacing of d = 0.291 nm. InP quantum dots with
diameters of 5 — 10 nm are uniformly distributed on the NBOC nanosheets, confirming their
successful incorporation and homogeneous dispersion on the NBOC surface.

Figure 5(c) provides clearer evidence of material distribution on the nanosheets. The lattice
fringes in the upper-right region, measured as d = 0.291 nm, correspond to the (013) plane of NBOC.
InP quantum dots are observed on the NBOC surface, indicating strong interfacial contact between
NBOC and InP quantum dots, which facilitates material interactions. Additionally, distinct
morphological and contrast features differentiate NBOC from other components. The nanosheets
lacking lattice fringes (upper region) exhibit characteristic amorphous features, assigned to the
introduced Mo-CN. Notably, InP quantum dots are distributed on the Mo-CN surface, indicating
dual interactions between InP, NBOC, and Mo-CN, thereby enhancing interfacial synergy.

Figure 5(d) provides clearer observation of material integration. In the image, NBOC nanosheets
are interstacked, with their lattice fringes calibrated to reveal a lattice spacing of d = 0.251 nm,
corresponding to the (112) crystal plane of NBOC. The edges of these NBOC nanosheets overlap and
interface with Mo-CN, where InP quantum dots are distributed at their overlapping junctions. This
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demonstrates that in the 5% Mo-CN/InP-NBOC composite, NBOC, InP quantum dots, and Mo-CN
mutually contact and form intimate interconnections. Both InP quantum dots and Mo-CN are
successfully integrated into the NBOC nanosheets, a conclusion further supported by the EDS
mapping in Figure 5(e).

The EDS mapping highlights the test sample’s central region, where Bi and O elements exhibit
dense distribution patterns closely overlapping with the sample’s physical outline, confirming NBOC
as the primary component. Concurrently, C and N elements are distributed in regions adjacent to
NBOC, while Mo is uniformly dispersed across the entire map, consistent with the uniform surface
distribution of Mo in Mo-CN. Distinct P and In signals are also observed, displaying even
distributions that corroborate the homogeneous dispersion of InP quantum dots within the
nanosheets, ali&nin prior analyses.

InP QDs

A

“I C
—— 500 nm 4 500 nm
. ———— 500 nm ————— 500 nm

Figure 5. 5% Mo-CN/InP-NBOC's (a) TEM, (b, ¢, d) HRTEM and (e)X-ray energy scattering.

Collectively, these data confirm the successful incorporation of InP quantum dots and Mo-CN
into NBOC without inducing significant morphological alterations. The uniform distribution of these
components, including intimate contact between NBOC, Mo-CN, and InP quantum dots, facilitates
synergistic material interactions.

2.5 Surface chemical state analysis

Surface chemical states and elemental valence transitions of the samples were investigated
through XPS testing. Figure 6(a) presents the Bi 4f high-resolution spectra of the samples. For InP-
NBOC, two fitted peaks are located at 164.6 eV and 159.3 eV, with a peak separation of 5.3 eV,
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corresponding to the characteristic Bi** states Bi 4fspand Bi 4f72 [37-39]. In the Mo-CN/InP-NBOC
sample, both peaks shift toward higher binding energies by 0.1 eV, indicating an increased electron
density of Bi in the composite. This phenomenon arises from electronic redistribution caused by
interactions between Mo-CN and InP-NBOC during material hybridization. Figure 6(b) displays the
O 1s high-resolution spectra of the samples. For InP-NBOC, the O 1s peak is resolved into two
components at 531.3 eV and 530.3 eV, attributed to C-O bonds and Bi-O bonds in BOC, respectively
[37]. For Mo-CN/InP-NBOC, both peaks shift to lower binding energies at 531.1 eV and 530.1 eV,
signifying interfacial interactions between Mo-CN and InP-NBOC. These interactions induce an
electron-gaining tendency in oxygen atoms of InP-NBOC, altering their electronic configuration.

Figure 6(c) shows the P 2p high-resolution spectra of the samples. For InP-NBOC, the P element
exhibits a peak at a binding energy of 133.3 eV, predominantly attributed to oxidized phosphorus
species [40, 41]. This indicates the tendency of InP-NBOC surfaces to form phosphorus oxides,
leading to instability in catalytic performance. Upon introducing Mo-CN, the P 2p peak in Mo-
CN/InP-NBOC shifts by 0.1 eV toward higher binding energy, suggesting an electron-deficient state
for phosphorus. Figure 6(d) displays the In 3d high-resolution spectra. In InP-NBOC, the In 3d peak
is observed at 452.9 eV, corresponding to the spin-orbit split component of the In 3ds. orbital [40, 42].
In Mo-CN/InP-NBOC, this peak shifts by 0.1 eV to lower binding energy, indicating an electron-rich
state for In after Mo-CN incorporation. These observations confirm the presence of InP quantum dots
in the composite, with Mo-CN modulating the electronic configuration of InP-NBOC.

Figure 6(e) presents the C 1s high-resolution spectra used for charge calibration. In InP-NBOC,
the peak at 286.0 eV is assigned to surface-adsorbed contaminant carbon [43], while the peak at 289.1
eV corresponds to C-O bonds in the carbonate groups of BOC [37]. For Mo-CN/InP-NBOC, the peak
at 285.8 eV arises from surface-adsorbed carbon [43]. Due to material hybridization, another C 1s
peak shifts by 0.1 eV to higher binding energy (289.2 eV), originating from overlapping contributions
of the carbonate groups in BOC and the sp? hybridized carbon (N-C=N) in the heptazine rings of CN
[37, 44]. Figure 6(f) illustrates the N 1s spectra. In InP-NBOC, a peak at 400.3 eV is attributed to surface
nitrogen species introduced by residual CTAB during synthesis [37]. For Mo-CN/InP-NBOC, the
peak at 398.5 eV corresponds to sp? hybridized nitrogen (C=N-C) [44, 45].
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Figure 6. X-ray photoelectron spectra of (a) Bi 4f, (b) O 1s, (c) P 2p, (d) In 3d, (e) C 1s and (f) N 1s of each sample.

The 5% Mo-CN/InP-NBOC exhibits exceptional photocatalytic NO oxidation activity and NO:
suppression capability, prompting further investigation into its reactive species. Under visible light
irradiation, DMPO was employed as a trapping agent for hydroxyl radicals (¢OH) and superoxide
radicals (#Oz’). As shown in Figure 7, under dark conditions, two consecutive tests of 5% Mo-CN/InP-
NBOC reveal a symmetric characteristic peak. This arises from the strong paramagnetism of Mo-CN
in the composite, where carbon atoms in Mo-CN contain unpaired electrons [46, 47], consistent with
prior findings. After 10 minutes of illumination, distinct radical signals emerge in Figure 7(a). Despite
potential interference from Mo-CN’s signal on the peak profile, the intensity ratio approximates
1:2:2:1, indicative of ®*OH generation. In Figure 7(b), the peak intensity ratio of 1:1:1:1 signifies ®O,"
formation. Thus, both ®OH and ¢O," are generated by 5% Mo-CN/InP-NBOC during photocatalytic
NO oxidation, synergistically promoting NO conversion while effectively suppressing NO:
formation. Based on the above analysis, potential reaction pathways for photocatalytic NO oxidation
are proposed (Equations 1-6).

5% Mo—CN /InP-NBOC + hv — e~ + h* (1)

e” + 0, > 05 2)
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«0; +NO > NO3 3)

h* + H,0 -« OH + H* (4)
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Figure 7. Electron paramagnetic resonance spectra of 5% Mo-CN/InP-NBOC (a) capturing OH and (b) capturing
© (2 under visible light irradiation (A > 430 nm).

3. Experiment

3.1 Materials

Chemicals and experimental equipment are listed in the Supplementary Material (Tables S1 and
52).

3.1.1 Synthesis of Mo-CN

0.56 g of ammonium molybdate was weighed and thoroughly mixed with 40 mL of ultrapure
water under stirring. Subsequently, 10 g of melamine was added to the suspension, which was
magnetically stirred at room temperature for 6 h. The mixture was then heated in a water bath at
90°C until completely dried. The dried solid was calcined in a tubular furnace. The cooled product
was collected and labeled as Mo-CN.

3.1.2 Synthesis of InP-NBOC

400 mg of N-Bi,O,COs; (NBOC) was weighed into a beaker and uniformly dispersed in 40 mL of
ultrapure water. Based on the concentration of the InP quantum dots, 8 mg of InP quantum dot
solution was precisely transferred into the beaker using a micropipette. The mass ratio of InP
quantum dots to NBOC was maintained at 2%, and unless otherwise specified, all references to "InP-
NBOC" in this study denote the 2% InP-NBOC composite. The mixture was ultrasonicated for 30 min,
followed by continuous stirring on a magnetic plate for 5 h. The suspension was then centrifuged to
collect the precipitate, which was sequentially washed twice with ultrapure water and ethanol via
centrifugation. The final product was dried at 60 °C.

3.1.3 Synthesis of Mo-CN/InP-NBOC Composite

400 mg of InP-NBOC was weighed into a beaker and uniformly dispersed in 40 mL of ultrapure
water. Mo-CN was then added to the catalyst suspension according to the specified mass ratios
between Mo-CN and InP-NBOC. The resultant suspension was ultrasonicated for 10 min and
continuously stirred on a magnetic plate for 5 h. The mixture was centrifuged, and the precipitate
was sequentially washed twice with ultrapure water and ethanol via centrifugation. The washed
product was dried at 60°C, and the final composite was labeled as Mo-CN/InP-NBOC.
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3.2 Catalytic Performance Experiment

The NO gas used in the photocatalytic test was pre-diluted and equilibrated with N, to a
concentration of 100 ppm. During the test, air was continuously introduced into the reactor to further
dilute the NO concentration to the ppb level. The air and NO flow rates were set to 2.0 L min™! and
10.9 mL min?, respectively. After parameter configuration, the initial NO concentration in the sealed
reactor was 600 ppb, and the light intensity was maintained at 35 mW/cm?. Prior to the photocatalytic
experiment, two identical petri dishes (12 cm in diameter) were loaded with 100 mg of photocatalyst
each and placed in the reactor, which was sealed to isolate external air interference. The
concentrations of NO, NO,, and NOx were monitored in real time using a nitrogen oxide analyzer
(Thermo Scientific 42i-TL). The NO removal efficiency (1, %) and NO, generation rate (w, %) were
calculated using the following equations:

C
1 (%) = (1 - C—) x 100% %)
o (%) = [(NOx — C)I;O(Noxo = Co)] % 100% ®)

where C represents the real-time NO concentration during the reaction, Co denotes the initial NO
concentration before illumination, NOx is the total concentration of nitrogen oxides (NO, and NO),

and NOxo is the initial NO, concentration.

3.3 Material characterization

In this study, Cu was used as the target material for XRD analysis, with the instrument operated
at 40 kV and 40 mA. UV-vis tests were performed using a Shimadzu spectrophotometer to analyze
the optical properties of the materials, with BaSO4 as the standard reference sample. PL
measurements were conducted using a Hitachi F-7000 FL spectrophotometer. TEM analysis was
employed to obtain material morphology and lattice information, facilitating the characterization of
nanomaterials or quantum dot materials. TEM testing was carried out using a TF20 and JEOL 2100F
microscope at 200 kV. XPS analysis was performed on a Thermao Scientific ESCALAB 250 Xi
instrument. To eliminate interference from surface contaminants, all XPS spectra were calibrated by
referencing the C 1s peak. ESR testing, based on the paramagnetic property arising from molecular
permanent magnetic moments, was utilized to detect material defects and active species generation.
ESR measurements were conducted on a JESFA200 spectrometer.

3.4 Electrochemical Testing

Electrochemical testing enables the observation of material impedance and optoelectronic
properties, thereby elucidating the effects of modification methods on the impedance and
optoelectronic characteristics of catalytic materials. A CHI660E electrochemical workstation coupled
with a light-switching device was employed for the measurements. A 0.5 mol/L Na,SO, solution
served as the electrolyte, with a Pt electrode as the counter electrode and a saturated calomel electrode
(SCE) as the reference electrode. Fluorine-doped tin oxide (FTO) conductive glass (1 cm x 2 cm) was
used as the working electrode. Prior to fabrication, the resistance of each FTO substrate was verified
using a multimeter to ensure functionality.

For the catalytic material slurry, 3 drops of N,N-dimethylformamide (DMF) were added to a
mortar as a binder between the sample and FTO, followed by approximately 30 mg of the prepared
sample, and continuously ground to form a homogeneous slurry. The slurry preparation was
conducted swiftly to prevent binder evaporation during grinding. The slurry was evenly spread onto
the FTO substrate using a spatula, and the process was repeated to prepare multiple electrodes.

The fabricated working electrodes were dried at room temperature for 24 hours and
subsequently subjected to annealing treatment to enhance sample adhesion to the FTO substrate,
preventing detachment during electrochemical testing. The testing area of the working electrode was
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fixed at 1 cm x 1 cm. A xenon lamp (PLS-SXE300/UV, Beijing Perfect Light Technology Co., Ltd.)
served as the light source for electrochemical measurements. To avoid light-induced alterations to
the material’s properties, electrochemical impedance spectroscopy (EIS) was first measured under
dark conditions, followed by measurements under visible light illumination.

4. Summary

In the work of this chapter, we synthesized a high-performance Mo-CN/InP-NBOC composite.
This material addresses the limitations observed in prior studies: first, the introduction of low-toxicity
InP quantum dots enhances the composite's visible light absorption, enabling more efficient
utilization of light energy; second, the incorporated Mo-CN significantly strengthens the material’s
ability to suppress NO: generation. Experimental results demonstrate that as the mass ratio of Mo-
CN to InP-NBOC increases, the composite’s NO:2 production gradually decreases. Notably, the 5%
Mo-CN/InP-NBOC sample achieves a 42% NO oxidation rate under visible light irradiation, with an
extremely low NO: generation rate of 0.9%, effectively enabling highly efficient photocatalytic NO
oxidation while minimizing toxic byproduct formation.
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