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The deliberate integration and precise arrangement of electron donor (D) and acceptor (A) moieties
within the crystalline lattices of covalent organic frameworks (COFs) represent a sophisticated
strategy to optimize charge separation and electron transfer processes, thereby enhancing photo-
catalytic efficiency. Herein, we report the rational design and synthesis of two novel bisoxa-
zole-based D-A type COFs, designated as Bpy-COF and Bph-COF. These frameworks incorporate
identical acceptor units but are distinguished by their unique donor motifs, enabling a comparative
evaluation of their structural and functional properties. The results reveal that Bpy-COF, which
incorporates bipyridyl (Bpy) donor moieties, exhibits superior photocatalytic H202 production
performance compared to Bph-COF, potentially related to its broader light response range and
increased availability of reactive sites. Furthermore, the coplanar and conjugated nature of the Bpy
groups facilitates efficient charge separation and migration, thereby accelerating the two-electron
oxygen reduction reaction critical to H202 synthesis. This study affirms the effectiveness of manipu-
lating the structural components of COF photocatalysts, propelling new insights for the design and
synthesis of high-performance catalysts.
© 2026, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.
Published by Elsevier B.V. All rights reserved.

1. Introduction

water treatment [4], fuel cells [5], and others [6]. However, the
predominant industrial method for H202 production, the an-

Hydrogen peroxide (H202), recognized as an environmen- thraquinone oxidation process, is hindered by substantial en-
tally benign and versatile oxidant [1], is integral to numerous ergy demands and the generation of toxic by-products [7].
applications, including bleaching [2], disinfection [3], waste Consequently, there is a pressing need for sustainable and en-
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ergy-efficient alternatives. Photocatalysis emerges as a prom-
ising green technology, characterized by its cleanliness,
cost-effectiveness, and sustainability [8-10]. Recent advance-
ments have identified various semiconductors, such as TiO2
[11,12], BiVO4 [13,14], polymeric carbon nitride [15-17], metal
organic frameworks (MOFs) [18,19], conjugated microporous
polymers (CMPs) [20,21,22], and covalent organic frameworks
(COFs) [23-28], as effective catalysts for photocatalytic oxygen
reduction reactions (ORR) to produce H202. Among these,
two-dimensional (2D) COFs, constructed from planar molecu-
lar building blocks, are advantageous due to their abundant
catalytic sites, extended conjugated systems, tunable bandgap
structures, and customizable porosity, positioning them as
highly promising candidates for efficient H202 photocatalysis
[29-52].

Within the context of COF photocatalysts, the rapid carrier
recombination and inefficient photogenerated charge transport
are the main factors limiting photocatalytic performance
[53-57]. The large Coulomb force within COF skeletons re-
stricts the separation efficiency of photogenerated elec-
tron-hole pairs. To address these challenges, the incorporation
of donor-acceptor (D-A) configurations has been explored as a
strategy to reduce exciton binding energy (Ebv) and enhance
charge separation efficiency [58-64]. Additionally, the integra-
tion of bipyridine (Bpy) units, known for their excellent elec-
tronic properties and planar geometry, has been widely
adopted in COF design to extend conjugation without increas-
ing the molecular length of building blocks [65]. Moreover, the
lone pair of electrons on the N species of the Bpy structure can
promote rapid protonation under photoexcitation, which helps
to form 14-endoperoxides and enables an efficient

(a)

two-electron ORR pathway for H202 production [66,67].

Against this backdrop, in this study, we introduce two novel
D-A COFs, Bpy-COF and Bph-COF, constructed using
4,4'4" 4""-(benzo[1,2-d:4,5-d']bis(oxazole)-,4,6,8-tetrayl)tetra
phenylamine (BBO-NH:) as the acceptor units, paired with
bipyridine (Bpy) and biphenyl (Bph) as donor units, respec-
tively (Fig. 1(a)). Through a synergistic combination of experi-
mental and computational analyses, we demonstrate that
Bpy-COF exhibits markedly superior photocatalytic perfor-
mance for H202 production compared to Bph-COF. The en-
hanced conjugation provided by Bpy units not only mitigates
exciton binding through optimized D-A interactions but also
facilitates interlayer charge transfer. Additionally, the incorpo-
ration of nitrogen atoms in Bpy-COF extends the material’s
light absorption range, and modulates active sites, effectively
lowering the energy barrier for H202 photosynthesis. These
findings underscore the critical role of molecular design in ad-
vancing photocatalytic systems and highlight the transforma-
tive potential of heterocyclic motifs in enhancing the function-
ality of COFs for sustainable H202 production.

2. Experimental
2.1. COF synthesis

Bpy-COF was synthesized by the Schiff base reaction of
BBO-NH: and [2,2'-bipyridine]-5,5'-dicarbaldehyde (Bpy-CHO).
The mixture was reacted at 393.15 K for 72 h through sol-
vothermal method. The resulting mixture was extracted and
dried to obtain Bpy-COF powder. The synthetic method of
Bph-COF is similar to Bpy-COF, while
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Fig. 1. (a) Synthetic routes for Bpy-COF and Bph-COF. The PXRD profiles of Bpy-COF (b) and Bph-COF (c): experimental (red), Pawley refined (dotted
green), the difference (black), the simulated curves for eclipsed AA stacking mode (orange) (Insets are the top view (left) and side view (right) of the
AA packing mode of Bpy-COF (b) and Bph-COF (c), Grey: C atoms; blue: N atoms; red: O atoms; white: H atoms).
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4,4'-biphenyldicarb-oxaldehyde (Bph-CHO) is used as the do-
nor building block instead of Bpy-CHO (Fig. 1(a)). Elemental
analysis revealed that the compositions of both COFs closely
matched their theoretical values, confirming the successful
preparation of the targeted frameworks (Table S1).

2.2. Methods

1H Nuclear magnetic resonance (NMR) spectra of all mono-
mers were carried out on a Bruker AVANCE II1I-400MHz NMR
spectrometer. The crystalline phases and morphology of the
COFs were characterized by powder X-ray diffraction (PXRD
Rigaku MiniFlex 600), and scanning electron microscopy (SEM,
Nova Nano 230). Structural information was obtained employ-
ing Fourier transform infrared (FTIR, Thermo Nicolet Magna
670), solid-state 13C cross polarization-magic angle spinning
(CP/MAS) NMR (Bruker Advance III 500) as well as X-ray pho-
toelectron spectroscopy (XPS, Thermo ESCALAB250). Ele-
mental analysis (EA) was conducted on Elementary Vario
MICRO cube. The porosity of the photocatalysts was assessed
by nitrogen sorption isotherms at 77 K after degassing, which is
conducted on Micromeritics ASAP 2460. Absorption spectra
were recorded on a PerkinElmer Lambda Ultraviolet-visible
(UV-vis) spectrophotometer. Temperature-dependent photo-
luminescence (PL) and fluorescence lifetimes of samples were
estimated on a FS/FL920 time resolved fluorescence spec-
trometer. Electron paramagnetic resonance (EPR) measure-
ments were performed on Bruker model A300 spectrometer
and photoelectrochemical properties of the samples were
studied on a BioLogic VSP-300 electrochemical system.

2.3.  Photocatalytic H202z production experiments

10 mg of COF photocatalyst, 20 mL of pure H20 or a mixed
solvent of H20/benzyl acohol (BA) (9/1 in vol%) were charged
into a 50 mL Schlenk reactor, dispersed and stirred with a
magnetic stirrer. Under the atmosphere of Oz, the mixture was
irradiated with a 420 nm LED monochromatic light for 1 h.
Collect samples from the solution at fixed 1-h intervals. After
dilution, 0.02 mol L-1 Ti(SO4)2 was employed as a color reagent.
The absorbance at 410 nm was monitored using a UV/Vis
spectrophotometer and the H20: concentration was deter-
mined.

3. Results and discussion
3.1. Structural and electronic characterizations

The successful synthesis of these two COFs was confirmed
through comprehensive spectroscopic and structural analyses.
FTIR spectroscopy (Fig. S1) revealed a characteristic stretching
vibration peak at 1580 cm-1, corresponding to the C=N imine
bond, indicating successful condensation in both COFs. This
was corroborated by 13C solid-state NMR spectra (Fig. S2),
which provided further evidence of imine bond formation. XPS
elucidated the elemental composition and chemical states of
the COFs. The survey spectra (Fig. S3(a)) confirmed the pres-

ence of carbon (C), nitrogen (N), and oxygen (0) in both
frameworks. High-resolution C 1s spectra (Fig. S3(b)) displayed
five distinct peaks, corresponding to C=C, C-CH=C, C=C-O,
C=C-N, and N=C-0 bonds, reflecting the diverse chemical en-
vironments within the COF structures. The N 1s spectra (Fig.
S3(c)) exhibited a peak near 399 eV, indicative of C=N bonds
and complete consumption of amino groups. Similarly, the O 1s
spectra (Fig. S3(d)) showed peaks at 534 eV (oxazole) and 531
eV (adsorbed water), confirming the complete reaction of al-
dehyde groups. Thermogravimetric analysis (Fig. S4) demon-
strated that both materials possessed good thermal stability
under a nitrogen atmosphere, retaining structural integrity up
to temperatures exceeding 250 °C.

PXRD analysis (Figs. 1(b), (c)) demonstrated the high crys-
tallinity of both COFs. Bpy-COF (Fig. 1(b)) exhibited a promi-
nent diffraction peak at 3.02°, with additional peaks at 6.47°
and 9.67°, corresponding to the (110), (220), and (330) crystal
planes, respectively. Comparable diffraction patterns were
observed for Bph-COF (Fig. 1(c)), indicating similar structural
ordering. Simulations based on an AA stacking model closely
matched the experimental PXRD patterns (Figs. 1(b), (c) insets
and Figs. S5, S6), confirming that both COFs adopt an AA stack-
ing arrangement. The corresponding unit cell parameters are
summarized in Tables S2, S3. Morphological characterization
by SEM and TEM revealed that both COFs consisted of na-
noscale particles (Fig. S7). High-resolution TEM (HRTEM) im-
ages displayed distinct lattice fringes with spacings consistent
with the (001) plane, further confirming their good crystallini-
ty. Elemental mapping demonstrated a uniform distribution of
elements throughout the particles, corroborating the successful
synthesis of the materials (Fig. S8).

Nitrogen sorption isotherms measured at 77 K (Fig. S9(a))
revealed type IV behavior for both COFs, indicating the pres-
ence of mesoporous structure within the COFs. The Brunau-
er-Emmett-Teller (BET) surface areas were determined to be
777 and 351 m2 g-1 for Bpy-COF and Bph-COF, respectively.
The higher surface area of Bpy-COF is likely caused by the
smaller intramolecular dihedral angle of Bpy units compared to
Bph motifs, resulting in reduced lattice distortion in Bpy-COF.
Pore size distributions, calculated using non-local density func-
tional theory (NLDFT), indicated a dominant pore size of ap-
proximately 2.95 nm for both COFs (Fig. S9(b)). Given that hy-
drophilicity may affect photocatalytic H202 generation, water
contact angle measurements (Fig. S10) were performed,
showing that Bpy-COF (24.4°) possesses markedly higher sur-
face wettability than Bph-COF (42.7°). Water vapor adsorption
isotherms (Fig. S11) further confirmed the superior hydro-
philicity of Bpy-COF, which exhibited substantially greater va-
por uptake across the measured pressure range. This enhanced
hydrophilicity is expected to promote more efficient photo-
catalytic H202 production.

The thermodynamic feasibility of photocatalytic H202 pro-
duction was assessed through electronic structure analyses.
UV-vis diffuse reflectance spectroscopy (DRS) (Fig. 2(a)) re-
vealed a broader spectral response for Bpy-COF, with an ab-
sorption edge at 600 nm, compared to 500 nm for Bph-COF.
Corresponding bandgap energies (Eg) were calculated as 2.09
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Fig. 2. (a) UV-vis DRS of COFs in the solid state (insets are the optical images of Bph-COF and Bpy-COF). (b) Band alignments of COFs. (c) The reaction
photocatalytic activities of COFs within 1 h. (d) The wavelength-dependent of the AQYs of Bpy-COF. (e) Long-term photocatalytic activities of COFs
within a 16-h period. (f) Recycling photocatalytic activity of COFs for four 4-h cycles times (total 16 h).

and 2.26 eV for Bpy-COF and Bph-COF, respectively (Fig. S12),
consistent with the trends predicted by density functional the-
ory (DFT) calculations (Fig. S13). A subsequent Mott-Schottky
(M-S) analysis (Fig. S14) enabled the identification of the flat
band potentials for both COFs, suggesting their n-type semi-
conductor characteristics. The conduction band (CB) energy
levels for Bpy-COF and Bph-COF were then estimated to be
-0.47 and -0.63 eV (vs. normal hydrogen electrode (NHE), pH =
7), respectively. Using the equation Evs = Ecp + Eg, the valence
band (VB) energies were calculated as 1.62 and 1.63 eV (vs.
NHE, pH = 7) for Bpy-COF and Bph-COF, respectively. These
results enabled the construction of energy band diagrams (Fig.
2(b)) [68], demonstrating that both COFs possess suitable band
alignments to thermodynamically drive oxygen reduction reac-
tions (ORR) for H202 production. The enhanced light absorp-
tion and optimized electronic structure of Bpy-COF suggest its
superior potential for efficient photocatalytic performance.

3.2.  Photocatalytic H202 production

The photocatalytic activity of Bpy-COF and Bph-COF for
H202 production was evaluated under controlled illumination
using a 420 nm LED light source (details see experimental sec-
tion). In pure water, both COFs demonstrated notable photo-
catalytic capabilities, with Bpy-COF achieving a H202 produc-
tion rate of 1330 umol h-! gear-! outperforming Bph-COF, which
yielded 680 pmol h-1 gcar! (Fig. 2(c)). It is worth noting that the
design of the H20/BA biphasic system was designed such that
the COF photocatalyst remains primarily dispersed and active
in the BA (organic) phase. In this configuration, photogenerated

holes oxidize BA to benzaldehyde within the organic phase,
while photogenerated electrons drive the oxygen reduction
reaction (ORR) at the H20/BA interface, producing H202. Due to
its hydrophilicity, the generated H202rapidly diffuses into the
aqueous phase. This spatially separated biphasic architecture
not only stabilizes the photocatalyst and suppresses agglomer-
ation and deactivation, but also enhances the activity of
Bpy-COF by enabling rapid product removal and sustained BA
supply. As a result, Bpy-COF achieves an H202 production rate
of 2570 pmol h-1 gear-1, more than twice that of Bph-COF (1210
pumol h-1 ge-1), placing it among the most active COF-based
photocatalysts reported to date (Table S4). These results high-
light the superior photocatalytic efficiency of Bpy-COF, at-
tributable to the incorporation of Bpy moieties, which enhance
electronic conjugation and charge dynamics compared to Bph
units. Given that H20: formation and decomposition occur
concurrently, kinetic analyses (Fig. S15) reveal that Bph-COF
exhibits a faster decomposition rate, whereas Bpy-COF delivers
a higher steady-state yield owing to its greater formation rate
and slower decomposition kinetics.

The efficiency of light utilization was quantified through
apparent quantum yield (AQY) measurements (Figs. 2(d) and
S$16). At 420 nm, Bpy-COF exhibited an AQY of 1.32%, substan-
tially higher than the 0.56% recorded for Bph-COF, underscor-
ing Bpy-COF’s enhanced ability to harness light energy for
photocatalytic H202 production. Under AM 1.5G simulated sun-
light, the solar-to-chemical conversion (SCC) efficiencies of
Bpy-COF and Bph-COF were approximately 0.036% and
0.021%, respectively. Long-term stability and recyclability
were assessed through extended illumination (Fig. 2(e)) and
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cycling experiments (Fig. 2(f)), which revealed a linear rela-
tionship between H20: yield and illumination time for both
COFs, indicative of consistent and robust photocatalytic activity
over prolonged periods. Post-photocatalysis structural analyses
further confirmed the stability of the COFs. FTIR spectroscopy
(Fig. S17) demonstrated that the core chemical structures of
both COFs remained intact, highlighting their chemical stability
under photocatalytic conditions. However, PXRD analysis (Fig.
$18) indicated a partial reduction in crystallinity for both COFs,
likely due to exfoliation of their layered structures during pho-
tocatalysis. XPS analysis (Fig. S19) revealed that 50.7% of ni-
trogen atoms in Bpy-COF were protonated (-NH+) after cyclic
testing, substantially higher than the 24.9% observed for
Bph-COF. This elevated protonation density is attributed to the
synergistic effect of the dual nitrogen sites in the Bpy unit,
which generate specific oxygen activation sites.

3.3.  Mechanism exploration

To elucidate the charge separation kinetics in Bpy-COF and
Bph-COF, temperature-dependent photoluminescence (PL)
spectra were recorded and analyzed (Figs. 3(a) and S20). A
progressive quenching of PL intensity with increasing temper-
ature was observed over the range of 15-300 K. The relation-
ship between the integrated PL intensity and temperature was
subsequently fitted to the Arrhenius equation, I(T) =1lo/ (1 +

189

Aexp(-Ev/ksT)) [69-71], yielding E» values of approximately 55
and 64 meV for Bpy-COF and Bph-COF, respectively. These
results suggest that charge separation is more favorable in
Bpy-COF. Steady-state PL spectra and time-resolved PL spec-
troscopy of both COFs provided insights into the electron-hole
separation efficiency. The steady-state PL emission intensity
significantly attenuated from Bph-COF to Bpy-COF (Fig. 3(b)),
signifying suppressed charge recombination in Bpy-COF.
Time-resolved PL spectroscopy (Fig. S21) further supported
this, with average charge carrier lifetimes of 1.20 ns for
Bpy-COF and 0.37 ns for Bph-COF. The prolonged lifetime in
Bpy-COF enhances the availability of photogenerated charges
for photocatalytic processes, underscoring the efficacy of Bpy
moieties in mitigating electron-hole recombination. Addition-
ally, Bpy-COF exhibited lower photoresistance (Fig. S22) and a
stronger photocurrent response (Fig. S23) compared to
Bph-COF, confirming superior charge transfer kinetics driven
by Bpy functionalization [72-76]. The photovoltaic and Kelvin
probe force microscopy (KPFM) measurements (Figs. S24-S26)
revealed enhanced photoresponse characteristics and a
stronger surface potential for Bpy-COF relative to Bph-COF,
confirming improved photogenerated charge separation effi-
ciency and a more pronounced built-in electric field. Collec-
tively, these factors underpin the superior photocatalytic per-
formance of Bpy-COF.

Transient absorption spectroscopic (TAS) studies were
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Fig. 3. Estimated exciton binding energy value (a)s and steady-state photoluminescence spectra (b) of COFs (Aex = 475 nm). The complete transient
absorption (TA) surface and the corresponding TA spectra at selected pump-probe time delays of Bpy-COF (c) and Bph-COF (d) following 435 nm
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performed to investigate exciton dissociation dynamics in both
Bpy-COF and Bph-COF (See SI for more details). Upon 435 nm
excitation, initial TA spectra of both COFs exhibited broad neg-
ative signals with minima at ~530 nm (Bpy-COF) and ~480 nm
(Bph-COF), respectively (Figs. 3(c), (d)). These features corre-
spond to ground-state bleach (GSB) at the band edges, con-
sistent with their steady-state absorption spectra (Fig. 2(a)).
Notably, a weak and short-lived negative signal at ~550 nm
emerged at ~0.2 ps exclusively in Bph-COF, which was as-
signed to stimulated emission (SE) based on the PL spectra and
time-resolved PL data (Figs. 3(b) and S21).

In Bpy-COF, the broad GSB underwent a progressive blue
shift with increasing time delays, indicating gradual generation
of SE that spectrally overlapped the GSB. This behavior sug-
gests more efficient charge separation in Bpy-COF, which pro-
longs the lifetime of photogenerated carriers by delaying
charge recombination. Both materials displayed broad excit-
ed-state absorption (ESA) spanning the visible to near-infrared
region (~600-1300 nm). Kinetic traces monitored at ESA and
GSB maxima both revealed extended photogenerated excited
state lifetimes in the sample of Bpy-COF (Fig. S27), demon-
strating that enhanced donor-acceptor interactions promote
charge separation efficiency. This leads to improved charge
utilization and higher photocatalytic activity.

DFT calculations of the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO) lev-
els (Fig. S28) revealed that both COFs exhibited spatially sepa-
rated delocalized characteristics, forming a D-A structure. This
configuration minimizes charge carrier recombination, con-
sistent with the low Eb values observed for both COFs [77].
Furthermore, DFT analysis of dihedral angles between donor
units showed 0.97° for Bpy-COF (Fig. S29) and 35.43° for
Bph-COF (Fig. S30). The near-planar geometry of Bpy-COF en-
hances m-conjugation, facilitating both intralayer and interlayer
charge transfer through improved m-electron cloud overlap
[78], thereby boosting photocatalytic performance.

The mechanistic pathways for H202 production were inves-
tigated through control experiments conducted under varying
atmospheres (Fig. S31), confirming that H202 generation is
oxygen-dependent and proceeds via an ORR pathway [79-82].
It is generally accepted that H202 may potentially be generated
through either an indirect continuous two-step single-electron
reduction or a direct one-step two-electron reduction route
[83-88]. EPR measurements with 5,5-dimethyl-1-pyrroline
N-oxide (DMPO) as a spin-trapping agent revealed distinct sig-
nals corresponding to superoxide radicals (*027) in both COFs
(Fig. S32), whereas no signals attributable to hydroxyl radicals
(*OH) were detected (Fig. S33). These findings indicate that the
system exhibits high selectivity toward H202 production with
negligible byproduct formation. Notably, the addition of Tiron,
a *O0H scavenger, significantly inhibited H202 production in
Bph-COF but had minimal impact on Bpy-COF (Fig. S34). This
suggests that Bph-COF primarily follows a two-step sin-
gle-electron reduction pathway, while Bpy-COF employs both
this pathway and a direct one-step two-electron reduction
route. To further probe the ORR reaction pathways in photo-
catalytic H202 production, isotope labeling experiments using

180, were conducted (Fig. S35). The results demonstrated that,
following photocatalytic decomposition of the generated H:0z,
102 was clearly detected by MnOz, confirming that H202 was
indeed produced through the photocatalytic reduction of oxy-
gen.

To verify the specific role of the nitrogen atom, we designed
and synthesized Fpy-COF, constructed using a structurally sim-
plified 4-(5-formylpyridin-2-yl)benzaldehyde (a substituted
biphenyl) as the building block, which was reacted with
BBO-NH: via a Schiff base condensation. Comprehensive char-
acterization, including PXRD, FTIR, and nitrogen sorption
measurements, confirmed its high crystallinity and mesopo-
rous structure (Figs. S36-S38). Under identical photocatalytic
conditions, both in a pure water system and a water/BA bipha-
sic system, the H202 production rates followed the order of
Bph-COF < Fpy-COF < Bpy-COF (Fig. S39). This systematic
trend strongly supports the critical contribution of the nitrogen
atom in these COF materials toward enhancing photocatalytic
H202 generation.

Furthermore, in situ diffuse
Fourier-transform spectroscopy (DRIFTS) was used to identify
the intermediates involved in the photocatalytic
H202-generation process in real time (Figs. 3(e), (f), and S40).
In a steam-saturated Oz environment without illumination,
both COFs exhibited IR signals at 1614, 1457, and 987 cm-1
(Figs. 3(e), (f), and S40), corresponding to the C=N, benzene
ring, and oxazole motifs, respectively. Bpy-COF additionally
showed signals at 1558, 1538, and 1519 cm-! (Fig. S40(a)),
attributed to protonated C=NH* groups formed by N atoms in
imine, oxazole, and Bpy units binding H*. In contrast, Bph-COF,
lacking pyridine units, displayed only the 1558 and 1538 cm-1
signals (Fig. S40(b)). This observation suggests that the N
atoms on the COFs bind with H* prior to the reaction. Upon
illumination, both COFs exhibited new IR signals at 952 and
1180 cm-! (Figs. 3(e)-(f)), corresponding to O-O bonds and
superoxide radicals, respectively. Furthermore, Bpy-COF
exhibited an additional IR signal at 1180 cm-! (Fig. 3(e)),
indicative of an endoperoxide intermediate, with signal
intensities increasing with illumination time. These findings
confirm that Bph-COF relies on a two-step single-electron
reduction, while Bpy-COF supports both this pathway and a
one-step two-electron reduction.

To discern the binding mode of *OOH as reaction intermedi-
ate with the reactive N atoms within the COFs, we employed
DFT theoretical calculations to stimulate the process while also
tracking the change of Gibbs free energy (Figs. 4(a), (b)) using
implicit solvation models. In situations where the N atom in the
COFs directly absorbs *O0H, the resultant energy barrier is 0.41
eV. Alternatively, when the N atom initially absorbs H+, fol-
lowed by *OO0H, the energy barrier shrinks significantly to 0.14
eV, thus presenting lower hindrance to the reaction. Give the
above outcomes, a plausible two-step single-electron reaction
mechanism was proposed. Firstly, the holes (h*) generated by
photoexcited COFs react with the sacrificial agent, culminating
in the release of H+. Thereafter, H* interacts with the N atoms of
COFs, creating a protonated NH* unit. Concurrently, the Oz ad-
sorbed on the NH* unit is reduced by the electrons (e-) gener-

reflectance infrared
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Fig. 4. DFT-calculated Gibbs free energy (AG, eV) profiles using implicit solvation models for photocatalytic H202 production by two-step sin-
gle-electron reduction route (a) and one-step two-electron reduction route (b). Proposed mechanism for the photocatalytic H.02 production by
two-step single-electron reduction route (c) and one-step two-electron reduction route (d).

ated by photoexcited COFs to afford *‘OOH. Subsequently, *OOH
is transferred and fixed to another NH* unit and then reduced
by e- to yield H202 (Fig. 4(c)). Conversely, due to the presence
of the Bpy unit, the unique one-step two-electron reduction
route of Bpy-COF does not rely on the intermediate *OOH. Ini-
tially, the N atoms of bipyridine interact with H+, resulting in
the formation of a protonated bipyridine motif (BpyH*), which
subsequently adsorbs Oz and yields a 1,4-endoperoxide inter-
mediate (N-H-O-O-H-N). H20: is ultimately produced via a 2e-
reduction pathway (Fig. 4(d)). Thus, Bpy functionalization not
only optimizes reactive sites but also lowers reaction energies
by enabling a dual-pathway mechanism, significantly enhanc-
ing photocatalytic H202 production.

4. Conclusions

In summary, we have successfully conceived two D-A COF
photocatalysts with appropriate electronic band structures to
produce H202in this study. The establishment of a D-A struc-
ture leads to an improvement in the separation of photoexcited
charges in COFs, enabling a study into the impact of different
conjugated motifs on the photocatalytic performance of COFs.
Notably, Bpy-COF exhibited a H202 production rate more than
twice that of Bph-COF in a biphasic system, underscoring the
pivotal role of Bpy units in boosting photocatalytic efficiency.
Comprehensive experimental and theoretical analyses revealed
that the integration of nitrogen-containing Bpy moieties im-
parts multiple advantages to Bpy-COF. First, the Bpy units
broaden the spectral response range and introduce distinct
reactive sites, facilitating efficient light absorption and cataly-

sis. Additionally, the extended m-conjugation in Bpy-COF accel-
erates charge separation and interlayer charge transport, as
evidenced by its lower exciton binding energy, higher photo-
current response, and reduced charge transfer resistance
compared to Bph-COF. These attributes collectively contribute
to Bpy-COF’s superior photocatalytic performance. This work
validates the efficacy of molecular engineering through strate-
gic structural unit modulation in COF-based photocatalysts,
illuminating new insights into the design and synthesis
high-performance photocatalysts.
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