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Abstract

Polymeric carbon nitride (PCN) is an emerging class of polymer semiconductor
photocatalysts, but bulk PCN typically suffers from low visible-light-harvesting ability,
high activation energy, and rapid charge recombination. In this context, using the same core
building block, a donor-acceptor (D-A) type heptazine-based polymer, namely BPCN, was
proposed via Friedel-Crafts arylation reaction to tackle these issues. Comparatively, the
affording BPCN features extended light absorption, reduced activation energy, and
suppressed charge recombination, triggered by the electron push-pull interactions as a
consequence of the D-A configuration. BPCN is elucidated to be an effective
heterogeneous photocatalyst for aerobic organic transformations and a wide range of
substrate scopes and reactions were realized. Besides, BPCN also showed an advantage in
mediating the photocatalytic water oxidation reaction, achieving a nearly 10-fold oxygen
evolution reaction (OER) rate over PCN. These findings demonstrate the great potential of
the rational design of heptazine-based polymers with D-A configurations for artificial

photosynthesis.
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1. Introduction

Photocatalytic conversion of solar energy has been a hot research topic in the past few
decades and numerous attempts have been exerted to developing highly efficient and stable
photocatalysts [1-3]. Owing to its environmentally friendly and sustainable features,
polymeric carbon nitride (PCN, also known as heptazine-based melon) has been widely
regarded as a promising metal-free photocatalyst [4-5]. Since the discover of PCN
photocatalyst [4], many post-synthetic modification approaches, including doping [6- 7],
copolymerization [8-9], surface interface modification [10], as well as defect engineering
[11-12], have been employed to regulate the properties of PCN for high performance
photocatalysis.

Building an electron donor-acceptor (D-A) structure is well accepted to effectively
improve the exciton dissociation and enable facilitated charge transfer via reducing the
charge diffusion length of semiconductors, thereby affording promoted photocatalytic
performance [13-18]. The s-heptazine moieties, which are typically the main components
in PCN scaffold, demonstrated high electron affinity and would be good candidates as
acceptors [19-20]. Accordingly, D-A type photocatalysts are envisaged by the
incorporation of relatively electron-rich elements/moieties (act as donors) into PCN [21-
22]. For instance, Wang et al. have developed a kind of biomimetic D-A photocatalyst (DA-
HM), which was delivered by functionalizing heptazine-based melon with selenium and
cyanamide [21]. In this manner, the built-in electric field formed in the photocatalyst impels
the photoexcited electrons and holes to migrate in opposite directions, resulting in efficient
exciton dissociation and restrained charge carriers’ recombination, thus boosting the

photochemical activity.



However, the traditional thermal condensation of N-rich precursors for PCN
fabrication (> 500 °C) makes introducing defined organic fragments into the PCN scaffold
in a controlled way difficult and typically results in incomplete polymerization with a
relatively limited degree of m electron delocalization in the polymer skeleton, yielding
moderate photocatalytic activity. Given this, several mild synthetic strategies have been
employed to prepare heptazine-based polymeric photocatalysts with impressive
photocatalytic performances, such as nucleophilic substitutions, Schiff base condensations,
Friedel-Crafts (F-C) reactions, etc [23-25]. Comparatively, alternative C-C connections
could be formed between donor and acceptor motifs with fully m-conjugation via AlCl;
catalyzed F-C reactions, which would be beneficial to photocatalysis [25]. Indeed, very
recently, several D-A type heptazine-based polymers have been designed via this protocol
for efficient photocatalytic hydrogen peroxide production, water splitting, and organic
pollutant degradations, etc [19, 20, 25]. Nevertheless, heptazine-based polymer
photocatalysis is still insufficiently illustrated, especially in the realm of photocatalytic
oxidations.

In this study, a D-A type heptazine-based polymer, namely BPCN, was proposed via
F-C reaction for high-performance photocatalytic oxidations. The as-prepared BPCN
represents extended light absorption, reduced activation energy, and suppressed charge
recombination, triggered by the electron push-pull interactions stemming from the D-A
configuration. Accordingly, BPCN demonstrated much higher activity in photocatalytic
selective oxidation of sulfides than PCN and a wide range of substrate scopes and reactions
were realized under blue LED irradiation. Besides, BPCN also showed an advantage in

mediating the photocatalytic water oxidation half-reaction, achieving a nearly 10-fold



oxygen evolution rate (OER) over PCN. This research unravels the potential of the
structural design of heptazine-based polymers with D-A architectures for advanced solar-
driven photocatalysis.

2. Experimental section

2.1 Materials

Biphenyl was obtained from Shanghai Aladdin Biochemical Technology Co., Ltd.
Melamine and sodium hydroxide were provided by Sinopharm Chemical Reagent Co., Ltd.
Phosphorus pentachloride was obtained from Adamas Chemical Reagent Co., Ltd.
Aluminum chloride was purchased from Alfa Aesar. All chemicals were directly used as
received without further purification unless otherwise mentioned.

2.2 Polymer preparations

Polymeric carbon nitride (PCN) [26]: Melamine (10 g) was placed in a porcelain
crucible (20 mL), followed by pyrolysis at 550 °C in a furnace for 2 h with a ramp speed
of 260 °C/h under air. After being ground by agate mortar, 206 mg of the product was
obtained as a powder.

Heptazine polymer (BPCN) [27-29]: Dichloromethane (25 mL), biphenyl (1.8 g, 11.7
mmol), and aluminum trichloride (15.8 mmol 2.11 g) were added into a 50 mL round-
bottomed flask, and then slowly adding of cyameluric chloride (2.20 g, 7.8 mmol) in
batches. The mixture was stirred at room temperature for 30 minutes first, and then was
heated to reflux for 12 h. After cooling, the mixture was poured into ice water with
vigorously stirring, filtered, and dried to afford a solid. Further purifying by Soxhlet
extraction with ethanol and dichloromethane sequentially to give the target as a purple-

yellow powder (yield: 1.1 g).



2.3 Characterizations

The Fourier transform infrared (FT-IR) data were recorded on a Nicolet 670 FT-IR
spectrometer. The '3C cross-polarization magic-angle-spinning solid-state NMR ('3C
CP/MAS ssNMR) measurements were conducted on Bruker AVANCE III 500. Elemental
analysis (EA) results were collected on Elementar Vario MICRO cube. X-ray photoelectron
spectroscopy (XPS) profiles were surveyed on a Thermo ESCALAB250 instrument. X-ray
powder diffraction (PXRD) patterns were generated by a Rigaku MiniFlex machine. The
N> sorption measurements were performed on Micromeritics 3Flex. Water contact angle
measurements were conducted on Dataphysics-OCA20 machine. The scanning emission
microscope (SEM) images were observed on Thermos Fisher Verios G4. Transmission
electron microscopy (TEM) tests were carried out on FEI TECNAI G2 F20. The energy-
dispersive X-ray spectroscopy was examined employing an FEI Super-X energy dispersive
spectrum. UV-Vis diffuse reflectance spectra (UV-Vis DRS) were collected on Varian Cary
500 Scan UV-visible system. Photoluminescence (PL) spectra were obtained on an
Edinburgh FLS980 spectrophotometer. Photocurrent profiles were collected with a BAS
Epsilon Electrochemical System. Gas chromatography-mass (GC-MS) data were
generated at Thermo Trace 1300. Analytical GC for the samples was performed on a
SHIMADZU GC-2014A TF/SPL machine.
2.4 Photocatalytic reactions

Photocatalytic organic transformation: the reaction mixtures were illuminated in a
simple photoreactor consisting of Eaglerise ELP8X3LS 3W blue LEDs (A = 450 nm),
which was connected to the HAAKE-FK cyclic water-cooling system. A simple cooling

fan was installed above the reactor to control the reaction temperature at ~25 °C, which



was monitored by a standard alcohol thermometer. Reaction conditions: BPCN (10 mg),

substrate (0.1 mmol), ethanol (2 mL), air, 450 nm LED (30 W), 25 °C, 1 h, determined by

GC-MS.

Photocatalytic water oxidation reaction: photocatalytic O evolution reactions were
performed in a Pyrex top-irradiation reaction vessel linked to a glass closed gas circulation
system. Typically, 50 mg polymer was thoroughly dispersed in an aqueous solution (100
mL) with the presence of AgNOs3 (0.01 M) as the electron acceptor. Before irradiation under
a 300 W Xe lamp and a water-cooling filter, the mixture was evacuated several times to
remove air completely. The wavelength of the incident light was controlled by employing
an appropriate long pass cut-off filter. The reaction temperature was kept at 12 °C by a flow
of cooling water. The generated gases were probed by GC connected with a thermal
conductive detector.

Photocatalytic overall water splitting reaction: the operation was the same as
photocatalytic O> evolution reaction, but without adding any sacrificial agents.

2.5 Theoretical calculations

All the density functional theory (DFT) calculations were conducted using Gaussian
09 software at B3LYP/6-31G (d, p) level of theory [30].

3. Results and discussions
3.1 Polymer preparation and characterizations

BPCN was synthesized by an AlCls-catalyzed F-C arylation reaction between
cyameluric chloride and biphenyl under mild condition (Scheme 1, details see
experimental section and supplementary information). The chemical structure of as-

synthesized BPCN was then comprehensively characterized. Both FTIR and '*C CP/MAS



ssNMR results verified the presence of s-heptazine-rings in the skeleton of BPCN (Fig. 1).
In addition, the signals detected in the range of ~120-150 ppm correspond to the aromatic
carbons (Fig. 1b). As a control, PCN (heptazine-based melon) was also prepared by
pyrolysis of melamine precursor at 550 °C and the chemical structure was verified by both
FT-IR and '3C CP/MAS ssNMR spectra (Fig. 1).
Scheme 1

The surface chemical compositions and element states of BPCN were examined by
XPS (Fig. S1a-b). The high-resolution C 1s XPS profile of BPCN can be resolved into
three peaks centered at ~283.8, 285.6 and 288.0 eV, corresponding to the carbons on the
aromatic ring (C-C/C=C), partially hydrolyzed cyameluric chloride (C-O), and the
heptazine rings (C-N=C), respectively (Fig. S1a). Besides, in the N 1s spectrum, two peaks
located at ~398.0 and 399.5 eV stem from the C-N=C and N-(C)3, respectively [19, 25],
which are similar to PCN sample (Fig. S1b). Moreover, the elemental analysis data were
close to the theoretical results (Table S1), further suggesting the formation of BPCN.

Fig. 1

The amorphous nature of BPCN was revealed by the PXRD pattern. In contrast, PCN
is semicrystalline, in conformity with the reported study (Fig. S2) [31]. The porosity of
BPCN was verified by nitrogen sorption isotherms conducted at 77 K and the Brunauer-
Emmett-Teller (BET) surface area of BPCN was calculated to be 40 m*/g, which is
obviously higher than PCN (10 m?/g, Fig. S3). Besides, the contact angle measurements of
water on both polymers revealed that the introduction of biphenyl units afforded much
enhanced hydrophobicity on the surface of BPCN (71.2 °), in comparison with PCN (30.1

°) (Fig. S4). This is likely caused by the decrement in N content for BPCN.



The SEM image of BPCN demonstrated a lamellar structure, similar to PCN (Fig. S5).
Moreover, the TEM images indicated that BPCN displayed a nanosheet structure with
curved surfaces (Fig. 2a-b). The high-angle annular dark-field scanning transmission
electron microscopy (HAADF STEM) mapping results of BPCN evidenced that C and N
were homogeneously distributed inside the polymer (Fig. 2¢c-d).

Fig. 2
3.2 Photophysical and photoelectrochemical properties

The light-harvesting properties of the polymers were evaluated by UV-vis DRS.
Notably, compared with PCN, BPCN exhibits a much stronger light absorption, and the
absorption edge could be extended to ~600 nm (Fig. 3a), implying the enhanced light-
harvesting ability and energy utilization, which could be trigged by the formation of the D-
A configuration for BPCN [32]. The bandgaps can be calculated by the Kubelka-Munk
function equation to be 2.76 and 2.20 eV for PCN and BPCN (Fig. S6), respectively.
Besides, the flat-band potential was estimated by the electrochemical Mott-Schottky
method (Fig. S7) to be -1.17 and -0.64 V for PCN and BPCN, respectively. Accordingly,
by combining £, with Mott-Schottky plots [33], the band alignments of both polymers can
be shown in Fig. 3b, clarifying sufficient thermodynamic feasibility to initiate various
photocatalytic reactions, e.g., photocatalytic organic transformations, water splitting, etc.

Fig. 3

Temperature-dependent PL profiles of these two polymers were monitored to
elucidate the exciton dissociation performances [34-37]. As observed in Fig. 3c-d, both
polymers experience thermal quenching of their PL emission in the temperature range from

80 to 300 K. Correspondently, by fitting the relevant PL peak intensity in varied



temperatures, the activation energy (E,) can be appraised employing the Arrhenius equation.
The E. of PCN and BPCN are estimated to be ~92 meV and ~74 meV, respectively,
indicating BPCN is prone to undergo exciton separation more readily, which could be
related to the electron push-pull effect in the skeleton for BPCN originating from a D-A
structure and may exert a positive effect on the photocatalytic performance. Besides,
steady-state PL spectroscopy was used to survey the electron-hole pair recombination
efficiency of PCN and BPCN. The fluorescence intensity of BPCN is significantly lower
than that of PCN (Fig. S8), implying the charge recombination is effectively suppressed in
the D-A type polymer, i.e., BPCN [38-39]. This was also clarified by the DFT calculation
outcomes (Fig. S9), where the HOMO and LUMO orbitals of BPCN were nearly spatially
separated, which would greatly reduce the possibility of charge recombination. Further
time-resolved fluorescence spectroscopy (TRPL) results showed us the average TRPL
lifetime of BPCN (7 =4.76 ns) is longer than that of PCN (7 = 3.06 ns), suggesting a higher
charge separation efficiency of BPCN (Fig. S10) [40-41].

To further wunveil the charge separation behavior in both polymers,
photoelectrochemical experiments were carried out. In contrast, BPCN presented a
stronger photocurrent response, indicating higher carrier separation efficiency can be
generated in BPCN (Fig. S11) [42]. Likewise, as revealed by the electrochemical
impedance spectroscopy (EIS), BPCN features a significantly smaller semicircle compared
with PCN, implying that BPCN demonstrates a decreased charge transfer resistance and
more rapid interfacial charge transfer (Fig. S12) [43].

3.3 Photocatalytic selective oxidation of sulfides

As arenewable and environmentally friendly method, photocatalytic selective aerobic



oxidation of sulfides represents an important transformation in organic synthesis in the
pharmaceutical industry [44-45]. Given this, the photocatalytic performance of BPCN was
first demonstrated by selective aerobic oxidation of anisole under blue LED (A = 450 nm,
30 W) irradiation. As depicted in Fig. 4a, BPCN demonstrated an over 20 times higher
conversion rate than that of PCN under air atmosphere within 1 h. Recycle experiments
also showed a conserved high conversion rate and selectivity after 10 cycles (Fig. 4b).
When BPCN was recovered and re-characterized by PXRD and FTIR, no distinct structural
change can be detected before and after the photocatalytic reaction (Fig. S13). Such
remarkable photocatalytic activity and stability of BPCN may be ascribed to the extended
light absorption, reduced E., and suppressed charge recombination, mediated by the
electron push-pull interactions as a result of the D-A configuration. Further control
experiments verified that air, photocatalyst, and light are the necessary elements for the
reaction (Table S2). Besides, the conversion rate can be promoted when the reaction was
conducted in the pure O> atmosphere, suggesting the photocatalytic performance is also
related to the O2 concentration.
Fig. 4

The wavelength-dependent apparent quantum yield (AQY) of selective oxidation of
sulfides over BPCN was also conducted (Fig. S14). The tendency of AQY is closely
resembled the UV-vis DRS, implying that the photocatalytic conversion is primarily caused
by the photo-excited electrons. The AQY of BPCN is determined to be ~8.13% at 420 nm,
5.72% at 450 nm, 2.18% at 500 nm, 1.05% at 520 nm, 0.41% at 600 nm, and 0% at 730
nm, respectively.

The active species of the reaction was determined by trapping experiments, aiming to



speculate on the mechanical process [46]. As shown in Fig. S15, the conversion is
significantly lowered after adding hydroquinone as a free radical scavenger, implying a
free radical process was involved in the photocatalytic oxidation of anisole. Likewise,
copper sulfate as an electron scavenger exhibits a significant inhibitory effect.
Subsequently, KI, as a hole scavenger, completely inhibits the reaction, revealing the
separation of photoinduced electrons and holes. In addition, both p-benzoquinone (BQ)
(‘Oy scavenger) and TEMPO ('O, scavenger) can lead to an extremely declined conversion
rate. Therefore, photogenerated electrons are responsible for the generation of Oz and 'O,
active species, which proved to be the key reactive oxygen species (ROS) during the
oxidation process.

To further understand the mechanism process and unravel the formation of 'O, and
‘O during the photocatalytic reaction, EPR tests were perfomed (Fig. S16) [47-48]. EPR
signal disappears when DMPO or TEMPO was added as a capture agent without light
irradiation. In contrast, the corresponding DMPO-"0," and TEMPO-'0; adduct signals can
be observed upon visible-light illumination. Moreover, the intensity of the EPR signals
strengthened with the prolonged exposure time, further demonstrating the generation of
"02" and 'O, toward light irradiation. On the one hand, regarding the estimated electronic
band structure, there were sufficient thermodynamic driving forces for BPCN to enable the
occurrence of O2/°0O;" transformation (£ = -0.33 V vs. NHE, Fig. 3b) in the CB and single
electron oxidation of thioanisole (£ = 1.30 V vs. NHE, Fig. S17) in the VB [49],
respectively, allowing a smooth electron transfer process. On the other hand, the extended
n-m conjugated framework of BPCN can facilitate ground-state oxygen (*02) to yield 'O,

via triplet energy transfer. Accordingly, both *O>™ and 'O, were generated in BPCN and



participated in the photocatalytic reaction, and a plausible photocatalytic process can be
proposed. As portrayed in Fig. 5, the photocatalytic selective oxidation of anisole by BPCN
may follow two routes (i.e., electron and energy transfer pathways) under 450 nm LED
irradiation. In the electron transfer pathway, oxygen is reduced by photoexcited electrons
to initiate ‘O, anisole is oxidized by photoinduced holes to the corresponding cationic free
radical intermediates, and then ‘O, reacts with the S radical cation and is converted into
the final product. In the case of the energy transfer route, O is first converted into 'O,
through energy transfer between the triplet excited state of BPCN and 3O, and then benzyl
sulfide is oxidized by singlet oxygen to benzyl sulfoxide.
Fig. 5

3.4 Scope for the photocatalytic oxidation of sulfides

Encouraged by the impressive photocatalytic activity stated above, we then extended
the substrate scope to some other sulfide derivatives aiming to explore the universality of
the photocatalytic performance for BPCN. Using the standard oxidation condition, various
thioanisole-based compounds with different substituent groups on the phenyl rings, i.e.,
electron-withdrawing moieties of -NO», and -Br (entries 1-2 in Table 1) and electron-
donating motifs of -Me and -OMe (entries 4-5 in Table 1), were first examined. As listed
in Table 1, sulfides with electron-donating groups generally exhibited a higher conversion
rate, while a much lower conversion rate, even nearly completely inhibited, was
demonstrated when electron-withdrawing groups were anchored, which was also observed
in a previous study [50]. Besides, the influence of steric hindrance on their conversion rate
was studied (entries 6-7 in Table 1), where an enhanced steric hindrance of the substrate

leaded to a gradual decrease in the conversion rate [51].



Table 1

Furthermore, the potential application of BPCN for the selective transformation of
other organic molecules, including the dehydrogenation of aminobenzene, and the
hydroxylation of phenylboronic acid was tested. As shown in Table 2, nearly quantitative
conversion and selectivity were realized in these two types of reactions. The above-
mentioned photocatalytic profile is green and mild, endowing BPCN with great application
potential in solar-driven aerobic organic transformations.

Table 2
3.5 Photocatalytic oxygen evolution and hydrogen generation reactions

Conjugated polymers have been recognized as promising supplements to inorganic
photocatalysts for photocatalytic water splitting. Fundamentally, photocatalytic overall
water splitting process involves two half-catalytic reactions, i.e., the hydrogen evolution
reaction (HER) and the oxygen evolution reaction (OER). The total reaction rate is mainly
relied on the OER, because the OER is a four-electron process with slow kinetics and multi-
electron transfer, consisting of the cleavage of O-H bonds and the generation of O-O bonds
[52-54].

Fig. 6

Herein, in viewing the appropriate VB level, it is highly possible that photocatalytic
OER could be initiated in the presence of BPCN. Accordingly, the photocatalytic behavior
of the as-synthesized BPCN was further investigated by OER containing silver nitrate
(AgNOQO3) as the electron scavenger under visible-light illumination. Indeed, as displayed in
Fig. 6a, BPCN can mediate the OER even without the aid of a cocatalyst, reaching ~15.2

pumol h! for 50 mg polymer sample. When 3% Co was in-situ loaded, the photocatalytic



OER rate could be further boosted to ~33 pmol h™! for BPCN, over 10-fold that of the PCN
sample. Besides, a long-term OER test was carried out with both materials to elucidate the
stability of the photocatalyst. As can be seen in Fig. 6b, the total amount of evolved O>
reached ~8.3 and ~68.8 pmol for PCN and BPCN after 6 h visible-light irradiation,
respectively. When the reaction times were prolonged, the OER rate decreased gradually.
This may be stemmed from the light shading effect caused by the formation of Ag
nanoparticles on the surface of the photocatalyst (afforded by the photoreduction of Ag"),
resulting in a hindered optical absorption [55]. Besides, BPCN also demonstrated a much
higher average HER rate (~13.0 umol h!) than that of the PCN (~1.0 pmol h'') upon
visible-light irradiation (Fig. 6¢). The much higher photocatalytic activities of the BPCN
over PCN in both half-reactions further emphasize the advantage of constructing D-A
configuration on photocatalytic performance. We further performed photocatalytic overall
water splitting experiment employing BPCN as the photocatalyst with 1% Co and 3% Pt
as the co-catalysts. However, there are no Hz and O could be detected even under UV light
irradiation. In fact, the realization of photocatalytic overall water splitting by polymeric
photocatalysts is challenging, since the behavior of overall water splitting is a complex
interplay of the photon absorption, charge carrier dissociation and transport at the band
positions, the wettability of their surfaces, and metal co-catalysts, etc [56-57]. Here,
although BPCN possesses suitable band structures for photocatalytic overall water splitting,
the much lower photocatalytic activity in the H> generation half-reaction likely exerts an
influence on the overall reaction, since the kinetics of both half reactions are difficult to
balance to facilitate overall water splitting [57].

4. Conclusion



In summary, a heptazine-based D-A type polymer, namely BPCN, has been proposed
via the simple F-C alkylation reaction. The affording BPCN features narrowed optical
bandgap, spatially separated HOMO and LUMO delocalization and lowered activation
energy, leading to extended light absorption capability, promoted exciton dissociation,
boosted charge transfer, and suppressed charge recombination. These features would
presumably be beneficial to the photocatalysis. Indeed, BPCN is highly active in
photocatalytic aerobic organic transformations and a wide range of substrate scopes and
reactions were realized. Besides, BPCN also showed an advantage in mediating the
photocatalytic water oxidation half-reaction, achieving a nearly 10-fold OER rate over
PCN. This study demonstrates the great potential of rational design of heptazine-based
polymers with D-A configurations toward high-performance solar-driven artificial

photosynthesis.
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Captions for Schemes, Figures and Tables

Scheme 1. Schematic representation of the synthesis of (a) PCN (heptazine-based melon)
and (b) BPCN. (c) DFT geometry optimization of BPCN simulated using a periodic
structure.

Fig. 1. (a) FT-IR and (b) '3C CP/MAS ssNMR spectra of PCN (black) and BPCN (blue).
Fig. 2. TEM (a, b) and elemental mapping (c, d) images of BPCN (scale bar: 100 nm).
Fig. 3. (a) UV-vis DRS and (b) band structures of PCN and BPCN. Integrated PL emission
intensity as a function of temperature from 80 to 300 K (Inset: temperature-dependent PL
spectra) of (¢) PCN and (d) BPCN.

Fig. 4. (a) Photocatalytic selective oxidation of thioanisole to methyl phenyl sulfoxide by
PCN and BPCN. (b) Recycling experiments of BPCN in the photocatalytic oxidation of
thioanisole to sulfoxide.

Fig. 5. Proposed reaction mechanisms of thioanisole photo-oxidation by BPCN.

Fig. 6. Photocatalytic tests with PCN and BPCN. (a) The O evolution rates and (b) Time
course of the O2 production and (c) Hz evolution for PCN and BPCN. OER conditions:
polymer (50 mg), AgNO3 (0.17 g), H2O (100 mL), A> 420 nm, 12 °C; HER conditions:
polymer (50 mg), 3% Pt, TEOA/H>O (10 mL/90 mL), > 420 nm, 12 °C.

Table 1. The selective oxidation of sulfides with air over BPCN under blue light (A = 450
nm) irradiation.

Table 2. Photocatalytic conversion of various organic molecules using BPCN.
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Table 1.

Entry Substance Conv. (%) Sel. (%)
S\
0
1 on /©/ Trace >99%
s\
2 53 >99%
Br/©/ ’
S\
3 @ 93 >99%
S\
4 )@( 96 >99%
S\
5 el 91 >99%
Br
6 ©/S\ 17 >99%
Br. S\
7 A 32 >99%




Table 2.

Entry Substance Product Yield Sel.
1 @“HZ o VO 98% >99%
2 @NAQ YO 99% >99%

>99%

3 Ph-B(OH): Ph-OH 99%

'Reaction conditions: 0.1 mmol benzylamine, 10 mg Cat., 1 mL acetonitrile, 25 °C, air, 1 h, A = 420 nm.
Reaction condition: 0.1 mmol dibenzylamine, 3 mg Cat., I mL acetonitrile, 25 °C, Oz, 1 h, A, =450 nm.
Reaction condition: 0.5 mmol phenylboronic acid, 10 mg Cat., 3 mL acetonitrile, 1.5 mmol

triethylamine, 25 °C, Oz, 4 h, A = 450 nm.



