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ABSTRACT: The construction of intramolecular donor—acceptor conjugated copolymers has been devised for years to enhance
the mobility of charge carriers in an organic photovoltaic field; however, surprisingly, similar strategies have not been reported in
polymeric photocatalytic systems for promoting the separation of charge carriers. Graphitic carbon nitride (g-C;N,) is an
emerging polymeric visible-light photocatalyst with high stability but still low photocatalytic efficiency. Here, we prepared a series
of g-C;N,-based intramolecular donor—acceptor copolymers (aromatics-incorporated g-C;N,) via nucleophilic substitution/
addition reactions. The copolymer showed remarkably enhanced and stable visible-light photocatalytic hydrogen evolution
performance. The intramolecular charge transfer transition is first proposed to explain the photocatalytic activity of g-C3N,-based

photocatalysts under long-wavelength-light irradiation.

KEYWORDS: g-C;N,, copolymerization, donor—acceptor, photocatalysis, water splitting

1. INTRODUCTION

A sustainable clean energy supply is urgently needed nowadays
because of the gradual depletion of fossil fuels. Among diverse
renewable energy sources, solar energy is considered the most
prospective one. Converting it into chemical and electric
energy by photocatalytic and photovoltaic devices, respectively,
is two of the basic ways to store it for further use,” but how to
capture and convert solar energy efficiently remains a big
challenge. As a kind of burgeoning light conversion material in
the past few decades, conjugated polymer semiconductors
make a conspicuous figure in solar energy industries because of
their simple manufacture, low cost, light weight, flexibility, etc.,’
compared with conventional inorganic semiconductors.* One
major factor that determines the energy conversion efficiency of
conjugated polymer semiconductors is the lifetime of the
excitons.” It is known that in conjugated donor—acceptor (DA)
systems, an intramolecular charge transfer that results in the
effective separation of charge carriers will take place under
irradiation.” Recently, in the organic photovoltaic field, various
intramolecular DA copolymers have been developed to elevate
the mobility of charge carriers.” It is reasonable to predict that
these conjugated DA systems may also be effective and
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applicable in the polymeric photocatalytic field, which, however,
to our surprise, has not been reported as far as we could find.

Graphitic carbon nitride (g-C;N,) is a polymeric visible-light
photocatalyst attracting much attention in recent years (Figure
S1).® Compared with well-established polymeric photocata-
lysts,” g-C;N, features facile preparation, higher thermo-/
chemical stability, and photocatalytic efficiency. Unfortunately,
like most of the polymeric photocatalysts, photogenerated
carriers in g-CyN, have poor mobility.**'° To promote the
separation efficiency of charge carriers, the most common
method is to construct heterojunctions between the interface of
the g-C;N, and other semiconductors.'' However, in conven-
tional complexes with interfacial heterojunctions, only those
charge carriers located around the phase interface can be
separated effectively, and it is still unavoidable that a large
proportion of charge carriers will recombine with each other
before they are transported to the heterojunction interface,
leading to limited enhancement of the photocatalytic efficiency.
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Figure 1. Possible reaction path of incorporating quinoline into g-C;N, networks.

Inspired by the intramolecular DA copolymers, which have
been applied in photovoltaic technology, it is expected that
introducing appropriate donor or acceptor units into g-C;N,
networks would facilitate the separation of charge carriers and
elevate the photocatalytic performance. Herein, a series of
dibromo aromatics have been chosen as the comonomers to
react with urea (the precursor to the synthesis of g-C;N, with
best photocatalytic performance'”), which has nucleophilic
amino groups, to construct novel intramolecular DA copoly-
mers for photocatalytic application. It is worth noting that the
strategy presented in this work is different from the well-
established copolymerization method that has been applied in
modifying g-C;N,."* The comonomers selected in our strategy
acted as nucleophilic substitution substrates, which are different
from those in previous methods and used as nucleophilic
addition substrates. This leads to the structural difference
between the final copolymers: In our strategy, the aromatic
rings are connected by adjacent 3,s-triazine units, whereas in
the previous report, they are incorporated into the inner 3,s-
triazine units.
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2. EXPERIMENTAL SECTION

2.1. Materials. Urea (>99%) was purchased from
Sinopharm Chemical Reagent Co., Ltd.; 2,4-dibromoquinoline
(>97%), 2,5-dibromopyrimidine (>98%), triethanolamine
(>97%), and chloroplatinic acid hexahydrate (>%37.5, Pt
basis) were purchased from Sigma-Aldrich Co., LLC.; 24-
dibromopyridine (>98%) was purchased from Adamas Reagent,
Ltd; 14-dibromobenzene (>99%) was purchased from TCI
Co., Ltd.

2.2. Synthetic Procedures. In a typical synthesis
procedure, 20 g of urea and a certain amount of dibromo
aromatic compounds were mixed thoroughly, and then the
mixture was put into an alumina crucible with a cover and
heated to 550 °C for 2 h at a heating rate of 5 °C/min. After
undergoing various reactions at high temperature, the as-
constructed copolymer based on g-C3;N, and aromatics was
obtained.

2.3. Characterization. The X-ray diffraction (XRD)
patterns were recorded on a RigakuUltima IV diffractometer.
Fourier transform infrared (FT-IR) spectra were obtained using
a Nicolet iS10 FTIR spectrometer. High-resolution FT-IR
spectra were conducted on Nicolet Avatar 330 FTIR
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spectrometer. X-ray photoelectron spectroscopy (XPS) meas-
urements were carried out on a Thermo Scientific Escalab 250
spectrometer with Al Ko radiation as the excitation source.
Binding energies for the high-resolution spectra were calibrated
by setting C 1s to 284.6 eV. Transmission electron microscopy
(TEM) images and electron energy loss spectroscopy (EELS)
results were obtained with a FEI Magellan 400 instrument. The
textural parameters (surface area, pore volume, pore width)
were measured using a Micromeritics TriStar 3000 system.
Elemental analysis (C, H, N) was taken on a vario EL cube
microanalyzer. UV—vis diffuse reflectance spectra were
performed on a Shimadzu UV-3600 system. Photolumines-
cence (PL) spectra and fluorescence lifetime spectra were
recorded at room temperature with a fluorescence spectropho-
tometer (Edinburgh Instruments, FLSP-920). The excitation
wavelength was 380 nm. Electron paramagnetic resonance
(EPR) measurements were performed on a Bruker EMX-8/2.7
spectrometer.

2.4. Electrochemical Analysis. Electrochemical measure-
ment were conducted with a CHI 760 electrochemical
workstation in a conventional three electrode cell using a Pt
plate and a Ag/AgCl electrode as counter electrode and
reference electrode, respectively. Working electrodes were
obtained by transferring photocatalyst suspensions (10 mg in
3 mL ethanol) onto FTO conductive glass using a spin-coating
method, and the electrodes were annealed at 150° for 2 h. A 0.2
M Na,SO, aqueous solution was chosen as the supporting
electrolyte and was purged with nitrogen to remove O, before
any measurements. The visible light was generated by a 300 W
Xe lamp with 420 nm and IR cutoft filters and was chopped
manually.

2.5. Photocatalytic Hydrogen Evolution Test. The
photocatalytic reactions were carried out in a quartz reaction
vessel connected to a closed gas circulation and evacuation
system. A 0.1 g portion of catalyst was suspended in 100 mL of
aqueous solution containing triethanolamine (10 vol %) as the
sacrificial electron donor. Three weight percent Pt was loaded
onto the surface of the catalyst by an in situ photodeposition
method using H,PtCls-6H,O as precursor. The suspension was
thoroughly degassed and irradiated by a 300 W Xe lamp
equipped with an optical UV-IR cutoff filter (780 nm > A > 420
nm) to eliminate UV and IR light. The temperature of the
reactant solution was maintained at 283 K by a flow of cooling
water during the reaction. The evolved gas was analyzed every 1
h by gas chromatography equipped with a thermal conductive
detector. For a stability test, the system was evacuated every 4 h
and repeated 4 times (ie, a 16 h recycling experiment with
intermittent evacuation every 4 h). The apparent quantum yield
(AQY) for H, evolution was measured using the 420, 450, 500,
550, 600, and 650 nm band-pass filter. The average intensity of
irradiation was measured by a Coherent Fieldax-TO spectror-
adiometer. The AQY was estimated as

AQY (%) = number of evolved H,molecules X 2

X 100/number of incident photons

3. RESULTS AND DISCUSSION

For quinoline incorporated copolymers, we denote them as
CNQ-X, where X (g) represents the amount of 2,4-Dibromo
quinoline added. The possible reaction mechanism is proposed
in Figure 1. As indicated, the incorporated quinoline rings are
located at the terminals of the copolymer.
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The XRD patterns and FT-IR spectra (Figure S2a,b,
respectively) of CNQ-Xs show all the characteristic peaks of
pure g-C;N, (denoted as CN). With more quinoline rings
being incorporated, both XRD and FT-IR peaks become
weaker and broadened. This indicates that the incorporation of
quinoline rings into g-C;N, networks can alter its chemical
environment and deteriorate the periodicity of the g-C;N,
layers/network to some extent, but its main chemical skeleton
has been retained. It is worth noting that, as shown in the FT-
IR spectra, pure g-C;N, (CN) exhibits an absorption peak at
~2349 cm™" belonging to the adsorbed CO, molecules,"*® but
CNQ-X does not. This can be attributed to the fact that the
incorporated quinoline rings are located at the terminals of the
copolymers, leading to the decreased density of terminal —NH,
groups for anchoring CO, molecules. High resolution FT-IR
spectra were recorded for samples CN and CNQ-0.03 (Figure
2). Compared with CN, CNQ-0.03 exhibits a distinguishable IR

CNQ-0.03

aromatic C=C

CN

Transmittance / a.u.

1300 1400 1500 1600 1700

Wavenumber / cm™

Figure 2. High-resolution FT-IR spectra of CN and CNQ-0.03.

band located at 1507 cm™', and the strongest IR peak of
quinoline is located just right at ~1500 cm™ (attributed to
aromatic C=C) according to a previous report.14 As far as we
know, 2,4-dibromoquinoline cannot polymerize by itself. So
considering the low amount of 2,4-dibromo quinoline added, it
can be preliminarily concluded that quinoline rings have been
successfully incorporated into g-C;N, networks.

Table S1 gives the elemental analysis results of all the
samples. It is expected that if quinoline can be successfully
incorporated into g-C;N, networks, the C/N ratio and H
content of the polymer will increase with more quinoline rings
being incorporated. The results agree well with this expectation.
Note that the C/N ratio in CN is higher than CNQ-(0.01—
0.05), which is due to its high carbon content resulting from
surface-adsorbed CO,, as demonstrated by the FT-IR spectra.
The detailed chemical composition and structure features of
CN and CNQ-0.03, as a representative of CNQ-Xs, were
revealed by XPS analysis. As shown in Figure S3, only three
signals belonging to C, N, O can be found in CNQ-0.03,
proving that Br has been eliminated thoroughly in the
polymerization process. The weak O signal may arise from
the adsorbed oxygen-containing adventitious contaminants.'**
High-resolution spectra of C 1s and N 1s were measured to
further confirm the presence of carbon and nitrogen species
(Figure S3). CNQ-0.03 shows all the representative C and N
peaks of CN. In addition, another peak centered at 398.9 eV is
observed in the N 1s spectrum of CNQ-0.03, which can be
assigned to terminal C=NH groups."

Figure 3 shows typical TEM images of CN, CNQ-0.03, and
CNQ-0.50. CN exhibits layered platelet morphology, whereas

DOI: 10.1021/acscatal.5b01155
ACS Catal. 2015, 5, 50085015


http://pubs.acs.org/doi/suppl/10.1021/acscatal.5b01155/suppl_file/cs5b01155_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acscatal.5b01155/suppl_file/cs5b01155_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acscatal.5b01155/suppl_file/cs5b01155_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acscatal.5b01155/suppl_file/cs5b01155_si_001.pdf
http://dx.doi.org/10.1021/acscatal.5b01155

ACS Catalysis

Research Article

CNQ-0.03

CNQ-0.50

Figure 3. Typical TEM images of (a) CN, (b) CNQ-0.03, and (c)
CNQ-0.50. The table at bottom right summarizes the EELS elemental
analysis results conducted at the edge of the lamellas of these samples.

after quinoline incorporation, a curved/distorted structure
dominates. The EELS spectra were recorded at the particle
edges of these copolymers, where quinoline rings are located.
Not surprisingly, the atomic C/N ratio was found to increase
with the increasing added amount of quinoline rings. The pore-
related textural parameters and pore size distribution of CN
and CNQ-Xs are presented in Table S2 and Figure S4,
respectively. It can be seen that a proper amount of
incorporation of quinoline rings has resulted in an increased
BET surface area, pore volume, and pore size, whereas excessive
addition led to decreases in these parameters. This can be
attributed to the inhibition effect of the incorporated quinoline
rings on the polymerization of 3,s-triazine rings which causes a
certain degree of distortion to carbon nitride networks. As for
the moderately distorted structure, pores can be formed/
enlarged because of the twisting and folding of carbon nitride
networks; however, excess distortion of carbon nitride networks
would lead to pore structure collapse of the copolymers.
Figure 4a shows the UV—vis absorption spectra of CN and
CNQ-Xs. Obviously, with the increasing amount of quinoline
ring incorporation, the absorption gets stronger almost
throughout the whole wavelength range, which demonstrates
that quinoline incorporation would considerably enlarge the
delocalization range of the electrons in g-C3N, networks. This
can be confirmed by the electron paramagnetic resonance
(EPR) spectra of CN and CNQ-Xs (Figure SS). A classical
Tauc approach'® was applied to estimate the optical band gap
of as-prepared samples (Figure S6, Table S2). The overall trend

is that the copolymer incorporated with the larger number of
quinoline rings shows basically the narrower band gap.
According to their UV—vis absorption spectra with more and
more obvious “shoulder”- and “tail”-like features in the visible
light region, we can see that an additional electron-transition
mode gradually appears, except the electron transition from
intrinsic HOMO to LUMO."” Considering the structure of
these copolymers, the intramolecular charge transfer transition
will most probably occur in it.

Charge transfer transition is a kind of electron transition
mode existing in many metal—ligand inorganic complexes and
organic molecules. A charge-transfer complex consists of an
electron donor group bonded to an electron acceptor. When
the complex absorbs radiation, an electron from the donor is
transferred to an orbital that is largely associated with the
acceptor. The excited state is thus the product of a kind of
internal oxidation—reduction process.'® Generally, nitrogen
groups (which have lone pair electrons) often act as the
electron donor, and aromatics act as the acceptor (Figure 5a),"
and accordingly, the charge carrier excitation and recombina-
tion process is given in Figure Sb. Under light illumination, the
electrons on the HOMO of nitrogen-related groups will be
excited to the LUMO of quinoline groups (Figure Sc). In fact,
similar photoexcitation pathways can be found in the interface
of semiconductor/semiconductor and semiconductor/dye,
which is the so-called interfacial charge-transfer transition.”
With more quinoline rings being incorporated, the absorption
edges located at long wavelength gradually red-shift, indicating
the narrowed gap between the HOMO of the donor and the
LUMO of the acceptor (Figure S7).

Photoluminescence (PL) spectra of all the samples, as shown
in Figure 4b, exhibit two distinguishing PL bands/shoulder
bands. The band at the shorter wavelength of around 440 nm
for all the samples is attributed to the intrinsic LUMO-to-
HOMO emission of carbon nitride, which corresponds to their
slightly different band gaps. The other PL band results from
charge transfer emission (Figure Sd). This representative dual-
band optical absorption/PL spectrum can also be found in
other donor—acceptor polymers.”’ From CN to CNQ-0.50,
this band gradually red-shifts, which is in agreement with the
UV—vis absorption spectra. Note that a weak shoulder band at
around 463 nm, which is attributed to charge transfer emission,
also appears in the PL spectrum of CN. We believe that in CN,
the electron donor and acceptor are the tertiary nitrogen and
3,s-triazine ring, respectively (Figure S8a). Because of the low
electron affinity of the 3,s-triazine ring (high LUMO), charge
transfer transition in CN (Figure S8b) is less likely to happen
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a b
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© .
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g 2
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£ = CNQ-0.50
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Figure 4. (a) UV—vis absorption spectra and (b) PL spectra (excitation wavelength=380 nm) of all the samples prepared.
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Figure 6. Diagram of the two electron transition modes in CN and CNQ-X.

compared with CNQ-Xs, in which the electron acceptor
(quinoline ring) is more apt to accept electrons. So the number
of photoinduced electrons located at the acceptor in CNQ-Xs
are much more than that in CN. Figure 6 gives the diagram of
the two electron transition modes occurring in CN and CNQ-
X. It can be seen in Figure 4b that the intensity of the PL bands
exhibit a significant decrease with the increasing incorporation
of quinoline rings. Generally speaking, compared with the rigid
planar structure of CN, the distorted structure of CNQ-Xs
means an increased probability of intramolecular collision,
which will result in an energy loss of excitons and fluorescence
quenching.

CN and CNQ-0.03 were selected to conduct time-resolved
fluorescence decay spectra (Figure S9). Deconvolution of these
spectra gives three radiative lifetimes as listed in Table 1.>* For

Table 1. Radiative Fluorescence Lifetimes and Their Relative
Percentages of CN and CNQ-0.03 Monitored at Different
Wavelengths

sample Anm 7, ns,rel % 7, ns,rel % 75 ns, rel % (73, ns)
CN 440° 2.64—55.21 7.90—35.06 24.85-9.73 (2.42)

463" 199-4078  6.90—44.44  29.59—14.78 (4.37)

CNQ-0.03 436 0.43—38.13 2.08—41.92 7.37—19.95 (1.47)

510 078-23.11  3.69-50.75  12.24—26.14 (3.20)

“Intrinsic LUMO-to-HOMO fluorescence emission. bCharge transfer
fluorescence emission. 71, 72, 73 can represent the longevity of short-
lived, medial-lived, and long-lived carriers, respectively. “The total
longevity of long-lived charge carriers (= 73 X rel %).
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both samples, the percentage and longevity of long-lived charge
carriers due to charge transfer fluorescence emission are higher
than that caused by intrinsic LUMO-to-HOMO fluorescence
emission. Such a longevity difference between these two
excitation modes can be related to the relative positions of
photoinduced holes and electrons. In the intrinsic HOMO-to-
LUMO transition, the photoinduced holes and electrons are in
the identical 3,s-triazine ring (h* mainly locates on N, and e”,
on C),” so they tend to recombine with each other with a high
probability. However, the h* and e™ locate at two separate
groups (N and aromatic ring, respectively) in the case of charge
transfer transition. The photoinduced electrons can be much
more strongly delocalized and remain stable at aromatic rings,
thus mitigating the recombination with photogenerated holes.
This test proves that, compared with the photoinduced
electrons excited from an intrinsic HOMO-to-LUMO tran-
sition, the electrons generated from a charge transfer transition
are more difficult to recombine with the holes and,
consequently, it is more probable that they will take part in
photochemical reactions. In addition, it can be seen that the
ratio of (the longevity of long-lived charge carriers due to
charge transfer fluorescence emission)/(the longevity of long-
lived charge carriers due to intrinsic HOMO-to-LUMO
transition) (3.20/1.47 = 2.18) in CNQ-0.03 is significantly
higher than that for CN (4.37/2.42 1.81), which
demonstrates that the charge transfer transition plays a more
dominant role in CNQ-0.03.

The hydrogen evolution activities of CN and CNQ-Xs are
presented in Figure 7a. It can be seen that the hydrogen
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evolution activity has been largely enhanced by incorporating a
moderate amount of quinoline rings into g-C;N, networks.
CNQ-0.03 shows the highest hydrogen evolution activity (436
umol h™!, 0.1 g catalyst), which is among one of the most
excellent g-C;N,-based hydrogen evolution photocatalysts'***
and remarkably superior to an excellent visible-light photo-
catalyst such as black titania (140 gmol h™* g_l)z‘k"b and N-
doped black titania (200 pmol h™' g™').** Furthermore, as
shown in Figure S10, CNQ-0.03 shows good photostability. Its
wavelength-dependent apparent quantum yield (AQY) is
shown in Figure 7b. The wavelength dependence of the AQY
almost matches with the optical absorption spectrum.
According to the traditional band theory, which used to
guide inorganic heterogeneous photocatalytic research, only
when the wavelength of incident light is shorter than a certain
threshold (1 = 1240/band gap) could the photogenerated
electrons and holes be induced in semiconductors and the
photocatalytic reactions be initiated. Special attention should be
paid to the active wavelength of CNQ-0.03: it is as long as 650
nm, which is much longer than its theoretical excitation
wavelength (1240/2.94 = 422 nm). This disobeys the
traditional perspective. Actually, a similar phenomenon has
also been observed in pristine g—C3N48’12b and other modified
g-C;N, photocatalysts,"'*'**> but has not drawn any
researchers’ attention, and no explanation has been given.
Here, by employing the intramolecular charge transfer
transition as described in this paper, we can give a satisfactory
explanation on this phenomenon. The previous paragraph
mentioned that intramolecular charge transfer transition can
happen in pristine g-C;N, (Figure S8), in which nitrogen
groups act as the electron donor while 3,s-triazine units act as
the acceptor. The smaller gap (between the HOMO of the
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donor and the LUMO of the acceptor) than the intrinsic band
gap makes it possible for pristine g-CsN, to absorb long-
wavelength light. Tuning the energy level of a pristine acceptor
(3,s-triazine units)“‘"”ls’25 or introducing a new acceptor into
carbon nitride networks (this work) can further extend the
active wavelength. This finding is very beneficial for under-
standing the photocatalytic performance of g-C;N, under long-
wavelength-light irradiation.

It is acknowledged that the hydrogen evolution activity of a
semiconductor is determined by its surface area, energy level of
the photoinduced electrons, band gap width, and the separation
efficiency of the charge carriers. Generally speaking, a larger
surface area means more catalytic active sites and a higher
catalytic activity. It can be seen in Figure S11 that the BET
surface area ratio and H, production rate ratio share a similar
evolution trend, with an increase in CN(Q-Xs)/CN, proving
that a larger surface area would make some contributions to the
photocatalytic performance enhancement. However, the
normalized hydrogen evolution rate with respect to the specific
surface area (H, evolution rate ratio/BET surface area ratio) is
considerably high than 100% (except CNQ-0.50), suggesting
that the surface area can hardly play a decisive role in these
photocatalytic systems.”*” By performing the valence band X-
ray photoelectron spectroscopy,26 the intrinsic HOMO energy
level of CN and CNQ-0.03 were estimated to be 2.08 and 2.06
eV (Figure S12), respectively. Considering the band gap widths
of CN (2.93 €V) and CNQ-0.03 (2.94 eV), the LUMO energy
level of CNQ-0.03 is increased by only 0.03 eV compared with
CN, so the photoinduced electrons located at the respective
intrinsic LUMO positions have little influence on their huge
difference of photocatalytic performance. As above-mentioned,
the number of photoinduced electrons located at the acceptor
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in CNQ-0.03 are much more than that in CN. Meanwhile,
these photoinduced electrons in CNQ-Xs locate at a higher
energy level compared with the photoinduced electrons located
at their intrinsic LUMOs (Figure S13), which endows CNQ-
0.03 with a larger driving force than CN to initiate reduction
reaction.

In Figure 8a, an obvious decrease in semicircular Nyquist
plots is observed for CNQ-0.03 in the dark, demonstrating that
the incorporating motifs in carbon nitride networks can
effectively improve the electronic conductivity of the polymer
matrix.'” This result is confirmed by the photocurrent
measurements (Figure 8b), which show an enhancement in
the I, of CNQ-0.03 over CN." The incorporation of quinoline
rings obviously facilitates charge transfer and separation. With
more quinoline rings being incorporated, the LUMO energy
level of the acceptor gradually become lower, which partially
accounts for the gradually decreased hydrogen evolution
activity of CNQ-Xs. Moreover, because of the gradually
distorted structure, more energy of the photogenerated
electrons will dissipate in the forms of vibrational/thermal
energy, etc, which is also responsible for the decreased
photocatalytic activity at excessive amounts of quinoline ring
incorporation.

To verify the universality of this modification strategy, a
series of other fundamental aromatic rings, including benzene,
pyridine, and pyrimidine, were incorporated into carbon nitride
networks. Carbon nitride polymers including these aromatic
rings all show enhanced hydrogen evolution activity (Figure 9).

SN =N
O O, e
Br Br N

313 (1)

170(1) 301 (0.03)

Figure 9. Employed monomers for constructing donor—acceptor
carbon nitride photocatalysts. The numbers in the parentheses are the
dosages of monomer (g). The numbers outside the parentheses
represent the corresponding hydrogen evolution rates (imol h™").

Investigation of this is in progress. The optimized dosages of
bromo aromatic compounds are mainly determined by their
volatility, thermal stability, nucleophilic substitution activity, the
electron affinity, and the permitted electron delocalization
range of their corresponding aromatic rings. By selecting or
designing appropriate aromatic rings, more efficient donor—
acceptor conjugated photocatalysts based on carbon nitride can
be expected.

4. CONCLUSIONS

Various intramolecular donor—acceptor conjugated copolymers
were successfully constructed by incorporating aromatic rings
into g-C;N, networks, and the visible light absorbance and
charge carrier separation/mobility of the polymer have been
remarkably enhanced. The intramolecular charge transfer
transition from the HOMO of donor (N) to the LOMO of
acceptor (aromatic ring) is believed to play a significant role in
their remarkably improved hydrogen evolution activity. In light
of this concept, not limited to carbon nitride, various kinds of
other intramolecular donor—acceptor polymers for photo-
catalytic reactions can be designed. More importantly, the
photocatalytic mechanism proposed in this paper is applicable
to explaining the photocatalytic activity of (pure or modified)
g-C3N, under long-wavelength-light irradiation, which has not
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been discussed before. The present findings provide beneficial
experimental and theoretical guidance for the design of highly
efficient polymeric photocatalysts.
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