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Conjugated microporous polymers (CMPs), as a kind of two-dimensional material, have
attracted extensive attention due to their advantages in visible light–driven photocatalytic
splitting of water for hydrogen evolution. However, improving the microstructure and
electronic structure of the material to enhance their photocatalytic performance for
hydrogen evolution remains a challenge. We designed and reported two analogous
CMPs including CMP-1 and CMP-2 that contain triazine and dibenzothiophene-
S,S-dioxide units, which were prepared by Pd-catalyzed Suzuki-Miyaura coupling
reaction. The main difference of two CMPs is that the triazine units are connected to
benzene unit (CMP-1) or thiophene unit (CMP-2). Both of the CMPs exhibit excellent light
capture capability, and compared with CMP-2, CMP-1 has faster separation rates and
lower recombination rates for the charge carriers (electron/hole), and then, a higher
hydrogen evolution rate was obtained from water decomposition reaction. We find the
H2 production rate of CMP-1 can be up to 9,698.53 μmol g−1h −1, which is about twice of
that of CMP-2. This work suggests that molecular design is a potent method to optimize
the photocatalytic performance toward hydrogen evolution of the CMPs.
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INTRODUCTION

Hydrogen is a form of clean and high density (120 MJ/kg) energy. If produced efficiently from
sunlight-driven photocatalytic splitting of water, then it is anticipated to play an important role in the
global effort of realizing carbon neutralization (Fujishima and Honda, 1972; Chen et al., 2010;
Linares et al., 2014). In the photocatalytic process, semiconductor catalysts are required to absorb
photons and result in the separation and transfer of charge carriers, and the photogenerated electrons
are transferred to the protons to produce hydrogen (Turner et al., 2008;Wang et al., 2010; Dincer and
Acar, 2015; Shi et al., 2017; Wang L. et al., 2018). Since Fujishima and Honda (1972) found that the
decomposition of water into hydrogen and oxygen occurs under the irradiation of light on TiO2,
inorganic semiconductors such as metal oxides and sulfides have been investigated mostly for their
photocatalytic ability in water splitting (Chen et al., 2017; Yu et al., 2018; Tsang et al., 2019).
However, inorganic catalysts, such as TiO2 or CdS, are poor light absorbers, susceptible to light
corrosion, and often environmentally unfriendly. These limitations have seriously hindered their
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practical applications and further development (Kudo and
Miseki, 2009; Osterloh, 2013; Wang et al., 2019). In recent
years, organic polymer catalysts represented by graphitic
carbon nitride (GCN) have been well developed, which have
the advantages of adjustable energy level and spectral absorption
range, environmentally friendly, and the wide availability of raw
materials (Dai and Liu, 2020; Jayachandran and Chou, 2020). At
present, the pure GCN developed are not competent with the
commercial requirements of photocatalytic hydrogen production
due to their limited sunlight absorption, high recombination rate
of electron/holes, and low photocatalytic activities (Wang et al.,
2009; Lin et al., 2016; Cui et al., 2020). Some other types of
polymer-based catalysts are also developed over the same period,
which are designed and synthesized based on many
considerations including the specific active sites (or units),
stereo configurations, porous structures, and hydrophilicity
(Han et al., 2015; Huang et al., 2015; Yu et al., 2017).

In recent years, certain types of conjugated polymers, such as
GCN, conjugated microporous polymers (CMPs) (Wang Z. et al.,
2018; Xu et al., 2018; Xiao et al., 2020), linear conjugated porous
polymers (CPPs) (Sprick et al., 2018; Bai et al., 2019; Ting et al.,
2019), and covalent triazine frameworks (CTFs) (Guo et al., 2019;
Huang et al., 2019), have been developed for H2 evolution. These
polymers are adjustable in energy level and spectral absorption
range, are environmentally friendly, and can be produced from
the widely available raw materials (Dai and Liu, 2020;
Jayachandran and Chou, 2020). They can be designed and
synthesized to feature specific active sites (or units), stereo
configurations, porous structures, hydrophilicity, and
dispersibility (Han et al., 2015; Huang et al., 2015; Yu et al., 2017).

Dibenzothiophene-S,S-dioxide (FSO) has been frequently
used as the building unit for the construction of highly active
photocatalysts for hydrogen evolution from water splitting
because of its aromatic structure, electron deficient character,
and its unique function as electron output tentacle (Dai et al.,
2018; Zhao et al., 2018). The introduction of the FSO units can
help align the energy level for hydrogen evolution and enhance
the efficiencies for the separation and transportation of excitons.
So far, researchers have synthesized a variety of conjugated
polymers containing FSO units, many of which exhibit
impressive photocatalytic activities toward hydrogen evolution.
Chen et al. found that the CPP P-FSO (Supplementary Scheme
S1) gives a hydrogen evolution rate (HER) of 8,000 μmol g−1 h−1

(Lan et al., 2019). Wang et al. reported that the homopolymer of
FSO can give a high HER up to 44.2 mmol h−1 g−1 under visible
light irradiation (Supplementary Scheme S1) (Shu et al., 2020a).
A CMP material S-CMP3 exhibited a HER of 6076 μmol g−1 h−1

under visible light irradiation (Supplementary Scheme S1)
(Sprick et al., 2019). Another similar CMP PyDF was also
reported, which showed an attractive HER of 18.93 mmol h−1

g−1 under visible light (Supplementary Scheme S1) (Gao et al.,
2020). The conjugated polymers containing 1,3,5-triazine unit
have been frequently used as photocatalysts, and the nitrogen
atoms in the triazine unit have been considered as the active site
for the HER reaction because they have lone pair electrons,
electron deficient, and hydrophilicity character. Tan et al.
prepared some covalent triazine containing frameworks with a

D-A1-A2 configuration and the highest HER up to 19.3 mmol g−1

h−1 (Guo et al., 2019). From the study of Jin et al., the polymer
CTF-HUST-C1 (Scheme 1), a crystalline covalent framework
containing triazine unit, gives a HER of 5,100 μmol g−1 h−1

(Wang et al., 2017).
Therefore, in this work, we synthesized two CMPs, which are

constructed from two different triazine derivatives as building
units and FSO as linking units, and analyzed their structure and
photocatalytic performances. Using triethanolamine (TEOA) as
the sacrificial agent and Pt as the co-catalyst, the results showed
that CMP-1, a CMP made from benzene rings connecting to a
triazine unit, has a HER of 9,699 µmol g−1h−1, which is higher
than that of CMP-2, an analogous polymer with thiophene unit as
the linkage unit.

MATERIALS AND METHODS

Instruments and Reagents
The analytical methods and instruments can be seen in the
Supporting Information (SI). The reagents and their available
sources, and the synthetic procedures for M1 and M3 are also
given in SI part.

Synthesis of CMP-1
A 100-ml round bottom flask was charged with 300 mg of M1
(0.6408 mmol), 233.3 mg of M2 (0.4272 mmol), 4 ml of K2CO3

(2 M) solution, 16 ml of dioxane, and 37 mg of Pd (pph3)4 catalyst
(5% mol/mol of M1) (Scheme 1) (Zhao et al., 2018). The above
solution was degassed three times to replace the atmosphere in
the flask with nitrogen gas. The flask was heated to reflux in oil
bath and be stirred continuously for 48 h. The raw product was
cooled down to room temperature and was recovered by
filtration, and then, it was washed with ethanol and distilled
water successfully and then dried at 100°C under vacuum for 24 h.
The crude product was purified by Soxhlet extraction for 24 h,
and the solvent used is chloroform, after which the purified
product was dried at 80°C overnight. Finally, 229 mg of yellow
powder was obtained as CMP-1 with a yield of 78% (Wang Z.
et al., 2018).

Synthesis of CMP-2
First, 241 mg of M3 and 300 mg of M1 were added into a round-
bottom flask, and then, 4 ml of K2CO3 (2 M) solution, 16 ml of
dioxane, and 0.037 g of Pd (pph3)4 were also added subsequently
(Scheme 1). Second, the mixture was degassed for three times and
kept in nitrogen gas environment with the help of a balloon, and
the flask was then immersed in an oil bath and was refluxed with
magnetic stirring for 48 h (Shu et al., 2020a). After that, the
material was obtained by filtration to get a yellow color powder.
Last, the sample was dried at 80°C under vacuum for 24 h to get
the raw product. The crude product was washed for 24 h with
chloroform in a Soxhlet extractor (Shu et al., 2021).

Photocatalytic Hydrogen Production
All the photocatalytic experiments were carried out in a glass-
closed gas circulation system with a 100-ml Pyrex glass
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reaction vessel as the reactor, and the temperature was
maintained at 10°C by a cyclic condensation device. To the
above reaction vessel, 20 mg of photocatalyst, 10 ml of TEOA
(as sacrificial agent), 10 ml of N-methylpyrrolidone (NMP),
and 40 ml of distilled water were added. The catalyst was
completely dispersed by ultrasound for 30 min, 24 µl of
chloroplatinic acid was added, and then the stirred solution
was irradiated with a 300-W Xe lamp (CEL-HXF300) for 3 h to
load Pt nanoparticles (3%, w/w) on the catalyst. The Pt-
modified photocatalyst can be recovered by filtration and
can be used in the following photocatalytic hydrogen
evolution experiments. The Xe lamp was equipped with a
420-nm cutoff filter (CEL-UVIRCUT420) to evaluate the
visible light–induced photocatalytic activity of the catalysts.
Before the light irradiation, the reaction system was pumped
for at least 20 min, as far as possible to get rid of the dissolved
oxygen in solution, and kept it in a vacuum state. Then, the
suspension was stirred for 3 h and irradiated, and the hydrogen
evolution was sampled and analyzed every 30 min. The
hydrogen produced was detected by gas chromatograph
(GC-7920) with a TCD detector. The photocatalysis stability
was carried out for five periods with 3 h for one period.

RESULTS AND DISCUSSION

Morphological and Structure
Characterization
The microstructures of the CMPs are characterized by scanning
electron microscope (SEM) and transmission electron
microscope (TEM). According to SEM (Figures 1A,B) and
TEM (Figures 1C,D), the two CMPs have similar morphology
and the small particles of them stacked together to form the
irregularly shaped aggregation. In addition, the element mapping
images (Figures 1E,F) are given under SEM by energy-dispersive
X-ray spectroscopy (EDS), and it can be seen that four elements
C, N, O, and S are evenly distributed in the CMPs. The percentage
contents of the four elements are shown in Supplementary
Figure S3.

Fourier Transform infrared (FT-IR) was used to support the
successful preparation of the two CMPs. As shown in Figure 2A,
a wide peak around 3,430 cm−1 is observed, which could be
attributed to the characteristic O-H stretching vibration from
the trace moisture adsorbed by the CMPs. There are two
transmission peaks at 1,505 and 1,370 cm−1, which belong to
the stretching vibration of C-N and the in-plane stretching

SCHEME 1 | Synthesis of CMP-1 and CMP-2.

Frontiers in Chemistry | www.frontiersin.org March 2022 | Volume 10 | Article 8540183

Sheng et al. Polymer Based Hydrogen Evolution Photocatalyst

https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


vibrations of the triazine ring, respectively (Guo et al., 2019; Gao
et al., 2020). The strong peaks at 1,291 and 1,155 cm−1 correspond
to the characteristic stretching peak of O=S=O group of the FSO
unit (Zhang et al., 2020; Shu et al., 2021). The peak at 1,610 cm−1

is attributed to skeleton vibrations of aromatic rings. The peak at
788 cm−1 is the out-of-plane bending vibration of the C-H bonds,

and the peak at 1,028 cm−1 is attributed to in-plane bending
vibrations of the C-H bonds. The above peaks are the
characteristic transmittance peaks shared by the two CMPs,
which is also consistent with their similar structures. Different
from CMP-1, the CMP-2 exhibits a strong peak at 1,440 cm−1,
which belongs to the skeletal vibration of the thiophene unit in

FIGURE 1 | SEM image for CMP-1 (A) and CMP-2 (B). TEM image of CMP-1 (C) and CMP-2 (D). EDS element mapping images of CMP-1 (E) and CMP-2 (F).
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CMP-2 (Zhang et al., 2020). From the above analysis, it can be
confirmed that the two CMPs are successfully obtained.
Supplementary Figure S4 gives the FT-IR pictures of the
CMPs after the photocatalytic reaction, which is identical to
that of the as prepared CMPs. The PXRD pattern
(Supplementary Figure S5) shows that all peaks of the as
prepared polymers are broad, indicating the amorphous nature
of the materials.

Thermogravimetric analysis (TGA) (Figure 2B) was used to
analyze the thermal properties of the as prepared CMPs. Because
of the rigidity of the polymer skeleton, both of the two CMPs have
high initial decomposition temperatures (Tid), i.e., 381°C for
CMP-1 and 328°C for CMP-2. It is obvious that the Tid of
CMP-1 is slightly higher than that of CMP-2, although only
the benzene unit in CMP-1 was replaced by the thiophene unit in
CMP-2. In addition, the characteristics on the surface porosity of
the CMPs are also studied. Nitrogen adsorption–desorption
experiments were carried out at 77 K; the two polymers
showed a similar shape for their isotherms; as shown in
Figures 2C,D, the two curves are consistent with the type III
isotherm. At the low relative pressure region, there is a small
amount of absorption, indicating the existence of some
micropores. In addition, at the higher P/P0 region (0.85–1.0),

the isotherm rises rapidly (likely due to capillary condensation of
N2) and hysteresis was observed for the desorption of N2. The
hysteresis in the desorption curve is due to the elastic deformation
or swelling behavior caused by the N2 adsorption process (Zhou
et al., 2019). The Brunner-Emmet-Teller (BET) surface areas of
CMP-1 and CMP-2 are 54.77 and 22.92 m2/g, respectively. In the
embedded diagram of Figures 2C,D, it can be seen that the pore
size distribution of CMP-1 is mainly between 10 and 100 nm and
is centered at 61.2 nm, and pore size distribution for CMP-2 is
mainly between 10 and 70 nm and is centered at 39.3 nm. In
addition, there are few micropores within the CMPs, as shown by
the minor peaks at less than 10 nm (Zhang et al., 2020).

X-Ray Photoelectron Spectroscopy (XPS)
Analysis
XPS is used to analyze the surface compositions and element
states of two CMPs. It can be seen from the survey spectrum
(Figure 3A), both of two CMPs contain the elements of C, N, O,
and S, which is consistent with the above EDS data. Figures 3B–E
correspond to the XPS spectra of C 1s, N 1s, O 1s, and S 2p,
respectively, for CMP-1. After the peak differentiating analysis,
three definite peaks can be distinguished from the C 1s spectrum

FIGURE 2 | (A) FT-IR spectra of CMPs. (B) TGA curves of CMPs. Nitrogen adsorption–desorption isotherms at 77 K and pore size distributions (insets) of (C)
CMP-1 and (D) CMP-2.
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of CMP-1 (Figure 3B), and the binding energies (BEs) are 284.0,
285.2, and 286.5 eV, which belong to the carbon atoms in the
C-C/C=C, C=N, and C-S, respectively. For the N 1s spectrum
(Figure 3C), the peak with a BE value of 398.7 eV belongs to the
pyridine nitrogen atom (-C=N-C) in the triazine ring. As shown
in Figure 3D, the peak with a BE value of 532 eV was identified,
which belong to the O 1s of the oxygen atom in the O=S unit
within CMP-1. Two distinct peaks are identified in the S 2p
spectrum (Figure 3E), and their BE values are 167.7 and 168.8 eV,
respectively, which correspond to S 2p3/2 and S 2p1/2 of the sulfur

atom in the O=S=O unit in the CMP-1. The above elements and
their corresponding valence states confirmed the formation of
CMP-1. The survey scan and the high resolution XPS spectra of
the C, N, and O elements of CMP-2 are identical to that of CMP-
1, which are consistent with their structural differences, lying in
the branched unit, i.e., benzene for CMP-1 and thiophene for
CMP-2. To identify the structure of CMP-2, the S 2p spectrum is
given in Figure 3F; the former two peaks with lower BE values at
163.6 and 164.7 eV correspond to the S 2p3/2 and the S 2p1/2 of the
sulfur atom in the C-S-C bond of the thiophene unit and the two

FIGURE 3 | XPS survey spectrum (A); high resolution XPS spectra of C 1s region (B), N 1s region (C), O 1s region (D), and S 2p region of CMP-1 (E); and high
resolution XPS spectra of S 2p region of CMP-2 (F).
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latter peaks with higher BE values are found at 167.7 and
168.8 eV, respectively, which correspond to the S 2p3/2 and the
S 2p1/2 of the sulfur atom in the O=S=O unit. The existence of two
valence sulfur atoms is completely consistent with the structure of
CMP-2, which confirms the successful preparation of CMP-2
(Shu et al., 2020b).

Band Structure Analysis
For further explore the catalytic performance of the prepared
CMPs, the absorbances of them were analyzed by UV-Vis diffuse
reflectance spectra (UV-Vis-DRS) (Figure 4A). The two CMPs
have a wide absorption range, the coverage for CMP-1 is
300–599 nm, which, for CMP-2, is 300–560 nm; both have a
strong absorption in the visible range. The following
Kubelka–Munk formula was used to draw the Tauc plot (Cui
et al., 2020):

ahv � A(hv − Eg)
2

(1)
From the Tauc plot as shown in Figure 4B, the optical band gaps
of the polymers are calculated to be 2.49 and 2.38 eV, respectively,
for CMP-1 and CMP-2. The CMPs were also studied by cyclic
voltammetry (Supplementary Figure S6), the onset reduction
potentials (Eonset,re) of them were determined, and the lowest
unoccupied molecular orbital (LUMO) levels were estimated to
draw their band structure diagrams. In addition, the relevant

calculations were done using the following formula (Zhang et al.,
2020):

ELUMO � −e[4.8 + (Eonset,re − 0.5)] (2)
EHOMO � ELUMO + Eg (3)

In Eq. 3, Eg refers to the optical band gaps of the CMPs, the value
of 0.5 V is the half wave potential of ferrocene [E (Fc/Fc+) vs. Ag/
AgCl], and the Eonset,re values of CMP-1 and CMP-2 are
−0.44 and −0.42 V (vs. Ag/AgCl), respectively. The LUMO
energy levels of the CMPs are calculated to be −3.86 and
−3.88 eV (vs. vacuum), respectively, and the highest occupied
molecular orbital (HOMO) levels of two CMPs were calculated to
be −6.35 and −6.26 eV, respectively, for COF-1 and COF-2. Then,
the band structure diagrams of the polymers are calculated and
drawn, as shown in Figure 4C. The Mott–Schottky curve of the
two CMPs was tested at different frequencies (Supplementary
Figure S7), both of the materials have a positive slope in the
graph regardless of the changes, which is the characteristic of the
n-type semiconductors, and the flat band potential (Vfb) of CMP-
1 and CMP-2 measured from the M-S plots were −0.59, −0.57 V
vs. Ag/AgCl, corresponding to −0.38, −0.36 V vs. NHE,
respectively, which is equal to the Fermi level (EF) for an
n-type semiconductor (Shu et al., 2020b). Meanwhile, the
conduction bands (CBs) of the polymers CMP-1 and CMP-2
are calculated to be −0.58 eV (−3.86 eV vs. vacuum) and −0.56 eV

FIGURE 4 | (A) UV-vis absorption spectra of CMP-1 and CMP-2. (B) (αhv)2 vs. hv curve of CMP-1 and CMP-2. (C) The band structure diagram of the CMPs.
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(−3.88 eV vs. vacuum), respectively. Combined with the band gap
value, the valence bands (VBs) of CMP-1 and CMP-2 are
calculated to be 1.91 eV (−6.35 eV vs. vacuum) and 1.82 eV
(−6.26 eV vs. vacuum), respectively. The HOMO and LUMO
data from the Mott–Schottky are consistent with the data from
the cyclic voltammetry (CV) results.

Theoretical calculation (density functional theory (DFT))
was conducted on the basic repeated unit of two CMPs to get
useful information on their electronic energy levels. For the
fragmental unit of CMP-1, the electron density of its HOMO
orbital is mainly delocalized over the benzene-FSO-benzene

moiety. For the LUMO orbital of CMP-1, its electron density
mainly resides on the π* orbital of the triazine-benzene-FSO
moiety (Figure 5A). CMP-2 has a similar electronic structure
as that of CMP-1 (Figure 5A). CMP-1 has a slightly higher
CB and a lower VB than that CMP-2 (Figure 5A), which
support the experimental studies of two CMPs. According to
the band gap structure discussed above, CMP-1 has both the
higher reduction ability and oxidation ability than that of the
CMP-2, although the former has a slight narrow light
absorption range than the latter one. The intramolecular
dipoles of two CMPs could be calculated from the surface

FIGURE 5 | (A) HOMO and LUMO orbits distribution of the polymers from DFT calculation. (B) Diagram of molecular dipoles and surface electrostatic potential in
CMP-1 and CMP-2.
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electrostatic potentials of them (Figure 5B), because the
CMPs contained both electron donor units (benzene or
thiophene) and electron acceptor units (triazine and FSO
unit), which contributed to the formation of internal electric
field. As calculated, molecular dipoles are 2.71 and 1.73
debye, respectively, for CMP-1 and CMP-2. The increase
in molecular dipoles has a positive effect on the separation
and transfer of photogenerated carriers, which would result
in the higher HER of CMP-1 and CMP-2. The change of the
constituent units in the molecular structure would regulate
the electronic structures and photocatalytic activities of the
catalysts (Ye et al., 2020).

Photo-Induced Charge Carriers and Their
Transportation
The photoelectron separation efficiencies of the polymers are
also studied. Figure 6A shows the transient photocurrents of
the two polymers, which were induced by a lamp source
equipped with a 420-nm filter and with a biased voltage of 0 V
on the photocatalyst-coated ITO electrode. The illumination
time and the interval time are 10 s, respectively, and the
amplitudes of the photocurrents for both catalysts
remained stable levels up to nine cycles of the on-off
illumination switch, which indicates that the

photocatalysts have stable efficiencies for the separation
and generation of the photogenerated carriers (Huang
et al., 2015).

Besides, it is clearly shown that CMP-1 has a higher
photocurrent response than that of CMP-2 (Figure 6A),
which suggested that the former catalyst has higher
generation/separation efficiencies for the photogenerated
carriers than that of the latter catalyst (Huang et al., 2015).
The electrochemical impedance spectra (EIS) was also
conducted for two catalysts. It is accepted that the smaller
radius of the arc, the smaller charge transfer resistance on the
electrode surface, suggesting the faster transportation of the
surface charge. As shown in Figure 6B, the data indicate that
CMP-1 has a faster electron transfer process than that of CMP-2
because the semicircular radius of the CMP-1 is somewhat
smaller than that of CMP-2 (Han et al., 2015).
Photoluminescence spectroscopy was also conducted to
compare the recombination rates of the electron/hole charge
carriers of the catalysts. As shown in Figure 6C, the emission
peak positions of the polymers locate at 470 nm for CMP-1 and
565 nm for CMP-2; the blue shift for CMP-1 was due to its wider
band gap than that of CMP-2; and, then, the energy required the
photon generation of CMP-1 is higher than that of the CMP-2
(Cui et al., 2020). The emission wavelength of CMP-1 is shorter
than that of CMP-2, and the emission intensity of CMP-1 is

FIGURE 6 | (A) Photocurrent of the CMPs (in 0.5 M Na2SO4); (B) EIS Nyquist plots of the CMPs; (C) PL spectra of the CMPs; (D) time-resolved PL spectra of the
CMPs.
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significantly lower than that of CMP-2. The phenomenon reveals
that CMP-1 hasmore sluggish recombination rate of the electron/
hole charge carriers than that of CMP-2, which would make
CMP-1 have more efficient HER than that of CMP-2
(Jayachandran and Chou, 2020). Time-resolved fluorescence
spectroscopy (TRFS) was also conducted for evaluating the
recombination rate of the electron/hole couples (Figure 6D),
and the decay curves of the CMPs can be well fitted by a triple-

exponential decay. The fluorescence lifetimes of CMP-1 were
calculated to be τ1 = 0.7990 µs (78.34%) and τ2 = 6.6269 µs
(21.66%), and the data for CMP-2 were calculated to be τ1 =
0.6284 µs (59.60%) and τ2 = 7.3962 µs (40.40%). The average
lifetime of CMP-1 is 4.86 µs, which is shorter than that of CMP-2
(6.64 µs); this phenomenon indicates that CMP-1 has a higher
separation efficiency for charge carriers (or excitons) than that of
the CMP-2 (Gao et al., 2020). The fast separation efficiency for

FIGURE 7 | (A) The time-dependent hydrogen production of the CMP materials; (B) comparison of photocatalytic H2 evolution activity of CMP-1 and CMP-2; (C)
the photocatalytic experiment with CMP-1 over five periods, 3 h for each period; (D) wavelength dependent AQY values of CMP-1, and a 300-W Xenon-lamp equipped
with series of band-pass filters (405, 420, 455, and 550 nm) is used as light source; (E) energy diagram and photocatalytic hydrogen evolution mechanism.
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charge carriers is usually favorable to improve the photocatalytic
activity of the catalysts.

Photocatalytic H2 Production Evolution
The photocatalytic performance of the CMPs was measured
using TEOA as the sacrificial agent under the illumination of
visible light (≥420 nm), the HERs are recorded every 0.5 h for up
to 3 h in five periods, and the resulting data are shown in
Figure 7A. The average HER (Figure 7B) for CMP-1 is
9,698.5 μmol g−1 h−1 and the value for CMP-2 is about
4,727.1 μmol g−1 h−1; the HER for CMP-1 is twice as large as
that of CMP-2. In addition; we also conducted the repeated
irradiation experiments to study their stability as hydrogen
evolution catalysts. As recorded in Figures 7A,C, slight
decrease in HER was observed for CMP-1 at the second
period. From then on and up to the fifth period, nearly no
perceptible decline was observed, a reduction by 6% in HER
occurs from the first period to the fifth period. The stability in
HERs for CMP-2 (Supplementary Figure S8) was also
measured for five periods and 3 h for each period. Compared
with the first period, the HER for the fifth cycle decreased by
41%. This further indicates that the performance of CMP-1 is
higher than that of CMP-2 in terms of HER and stability.
Among the CMPs reported previously, the two CMPs in this
study present fairly decent performance as shown in Table 1 (Ye
et al., 2020; Yang et al., 2016; Cheng et al., 2018; Bi et al., 2017;
Zhang et al., 2019). The apparent quantum yield (AQY) values
of CMP-1 at four different wavelengths are given in Figure 7D,
showing the consistence of its photocatalytic activity with its
absorption curve. At the wavelength of 420 nm, the AQY value
of CMP-1 is 1.57%, and CMP-1 catalyst can work under the
broad absorption region between 360 and 600 nm with an AQY
value of 0.19% at 550 nm. For comparison, the AQY values of
CMP-2 are 0.81% and 0.11%, respectively, at 420 and 550 nm.
Detailed control experiments were conducted to understand the
indispensable characteristic of catalyst and light irradiation for
hydrogen evolution process. In the process of hydrogen
evolution experiment, the xenon lamp was turned off
randomly, and the hydrogen production stopped increasing.
When the light is turned on again, the hydrogen production
returned to increasing. In addition, in the other control
experiment, the experiment was conducted as the normal

hydrogen production conditions except that the photocatalyst
was not added in the Pyrex glass bottle, and, in this case, no
hydrogen production was detected under the irradiation of the
full spectrum light. After the purification process by Soxhlet
extraction using chloroform, the residual Pd content of Pd was
about 1,021 ppm for CMP-1 and 1,046 ppm for CMP-2.
Although the residual Pd catalyst has been considered to play
a significant role in the photocatalytic hydrogen production of
conjugated polymers, even at ppm level concentrations, and in
these studies, the additional Pt nanoparticles are not used as the
co-catalyst (Kosco et al., 2018). With the addition of Pt co-
catalyst, the residual Pd catalyst will play a very limited role on
the hydrogen evolution activity of conjugated polymers.

Photocatalytic Mechanism
On the basis of the discussion, a hydrogen production
mechanism (Figure 7E) over the present photocatalyst is
proposed. The photocatalytic reaction is triggered as the light
irradiation initiates the separation of the photogenerated
carriers. The photoelectrons in the filled VB of the CMP
are driven to the empty CB by the absorbed photons. The
photogenerated electrons are captured by the FSO unit,
which is considered as the electron-output “tentacle” and
then transfers the electrons to the surface of the Pt co-catalyst
(Dai et al., 2018). Electrons eventually combine with
hydrogen protons in water on the surface of the Pt co-
catalyst to produced hydrogen gas. The holes left in the
VB are consumed by the oxidation reaction of TEOA
(Wang Z. et al., 2018). It is found that CMP-1 has a faster
electron/hole separation rate and a lower electron/hole
recombination rate than that of CMP-2, although the
difference between them only lies in that the benzene unit
(as the arm unit) in CMP-1 is replaced by the thiophene unit
in CMP-2. A higher LUMO level of CMP-1 allows the Pt
Fermi energy to be raised to a higher level when electrons are
transferred from the photocatalyst to Pt, thereby leading to a
higher HER. Meanwhile, the HOMO of the CMP-1 has a
slightly more positive potential than that of CMP-2,
indicating that the generated holes in the VB of the CMP-
1 have a greater oxidative capacity than that of the CMP-2
(Xiao et al., 2020). The above discussions explained the
higher HER of CMP-1 than that of CMP-2.

TABLE 1 | The photocatalytic H2 evolution rate of some CMPs.

Polymer Optical gap
(eV)

Light sourcea HER (μmol
h−1 g−1)

Cocatalyst AQYb (%) References

B-BT-1,3,5 2.44 ≥420 nm 400 Pt - Yang et al. (2016)
L-PyBT 2.23 ≥420 nm 1,674 Pt - Cheng et al. (2018)
OB-POP-1 2.21 ≥420 nm 134 Pt - Bi et al. (2017)
OB-POP-2 2.28 ≥420 nm 598 Pt - Bi et al. (2017)
OB-POP-3 2.14 ≥420 nm 908 Pt 2.0 Bi et al. (2017)
OB-POP-4 2.37 ≥420 nm 620 Pt - Bi et al. (2017)
4-CzPN 2.11 ≥420 nm 2,103.2 Pt 6.4 Zhang et al. (2019)
CMP-1 2.49 ≥420 nm 9,698.5 Pt 1.57 [this work]
CMP-2 2.38 ≥420 nm 4,727.1 Pt 0.11 [this work]

aXe, Xenon lamp.
bAt 420 nm; HER, hydrogen evolution rate; AQY, apparent quantum yield; TEOA, triethanolamine.
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CONCLUSION

In summary, we reported here the design and synthesis of two
CMPs containing benzene (or thiophene) armed triazine and
FSO unit. The triazine and FSO-based CMPs offer now choices
of robust photocatalysts with broad visible light absorption
range and suitable energy level alignments. The benzene-
containing CMP-1 has some advantages over the thiophene
containing homolog CMP-2, including the lower
recombination rate for electron/hole carriers and the higher
separation and migration rates for the photogenerated charge
carriers. As the bridging unit changes from benzene to
thiophene, the HERs of the catalysts alter from
9,698.5 μmol g−1 h−1 to 4,727.1 μmol g−1 h−1. The difference
in the catalytic performances obviously originates from the
different linker unit employed. In addition, CMP-1 has higher
molecular dipoles than that of CMP-2, which may cause a
much faster charge mobility in CMP-1 than that in CMP-2.
The present study demonstrates that the rational molecular
design for CMP materials by selecting ideal bridging units is
still one of the effective ways to obtain CMP-
based photocatalysts toward hydrogen evolution from water
splitting.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

AUTHOR CONTRIBUTIONS

QS: Writing—original draft. XZ: Formal analysis. YnD:
Methodology. JZ: Writing—review and editing. YcD:
Writing—review and editing. YX: Project administration.

FUNDING

The work was financially supported by the National Natural
Science Foundation of China (22172069).

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fchem.2022.854018/
full#supplementary-material

REFERENCES

Bai, Y., Wilbraham, L., Slater, B. J., Zwijnenburg, M. A., Sprick, R. S., and Cooper,
A. I. (2019). Accelerated Discovery of Organic Polymer Photocatalysts for
Hydrogen Evolution from Water through the Integration of experiment and
Theory. J. Am. Chem. Soc. 141, 9063–9071. doi:10.1021/jacs.9b03591

Bi, S., Lan, Z.-A., Paasch, S., Zhang, W., He, Y., Zhang, C., et al. (2017). Substantial
Cyano-Substituted Fully Sp2 -Carbon-Linked Framework: Metal-free
Approach and Visible-Light-Driven Hydrogen Evolution. Adv. Funct. Mater.
27, 1703146. doi:10.1002/adfm.201703146

Chen, S., Takata, T., and Domen, K. (2017). Particulate Photocatalysts for Overall
Water Splitting. Nat. Rev. Mater. 2, 17050–17066. doi:10.1038/natrevmats.
2017.50

Chen, X., Shen, S., Guo, L., and Mao, S. S. (2010). Semiconductor-based
Photocatalytic Hydrogen Generation. Chem. Rev. 110, 6503–6570. doi:10.
1021/cr1001645

Cheng, C., Wang, X., Lin, Y., He, L., Jiang, J.-X., Xu, Y., et al. (2018). The Effect of
Molecular Structure and Fluorination on the Properties of Pyrene-
Benzothiadiazole-Based Conjugated Polymers for Visible-Light-Driven
Hydrogen Evolution. Polym. Chem. 9, 4468–4475. doi:10.1039/c8py00722e

Cui, Z., Hu, Y., Zhang, Y., Han, Q., Wang, Y., Zhou, Y., et al. (2020). A New
Triazine-Based Conjugated Polymer from Simple Monomers with Stable
Photocatalytic Hydrogen Evolution under Visible Light. Polymer 211,
123079. doi:10.1016/j.polymer.2020.123079

Dai, C., and Liu, B. (2020). Conjugated Polymers for Visible-Light-Driven
Photocatalysis. Energy Environ. Sci. 13, 24–52. doi:10.1039/c9ee01935a

Dai, C., Xu, S., Liu, W., Gong, X., Panahandeh-Fard, M., Liu, Z., et al. (2018).
Dibenzothiophene-S,S -Dioxide-Based Conjugated Polymers: Highly Efficient
Photocatalyts for Hydrogen Production from Water under Visible Light. Small
14, 1801839. doi:10.1002/smll.201801839

Dincer, I., and Acar, C. (2015). A Review on Clean Energy Solutions for Better
Sustainability. Int. J. Energ. Res. 39, 585–606. doi:10.1002/er.3329

Fujishima, A., and Honda, K. (1972). Electrochemical Photolysis of Water at a
Semiconductor Electrode. Nature 238, 37–38. doi:10.1038/238037a0

Gao, X., Shu, C., Zhang, C., Ma, W., Ren, S.-B., Wang, F., et al. (2020). Substituent
Effect of Conjugated Microporous Polymers on the Photocatalytic Hydrogen
Evolution Activity. J. Mater. Chem. A. 8, 2404–2411. doi:10.1039/c9ta13212k

Guo, L., Niu, Y., Razzaque, S., Tan, B., and Jin, S. (2019). Design of D-A1-A2
Covalent Triazine Frameworks via Copolymerization for Photocatalytic
Hydrogen Evolution. ACS Catal. 9, 9438–9445. doi:10.1021/acscatal.
9b01951

Han, Q., Wang, B., Zhao, Y., Hu, C., and Qu, L. (2015). A Graphitic-C 3 N 4
"Seaweed" Architecture for Enhanced Hydrogen Evolution. Angew. Chem. Int.
Ed. 54, 11433–11437. doi:10.1002/anie.201504985

Huang, W., He, Q., Hu, Y., and Li, Y. (2019). Molecular Heterostructures of
Covalent Triazine Frameworks for Enhanced Photocatalytic Hydrogen
Production. Angew. Chem. Int. Ed. 58, 8676–8680. doi:10.1002/anie.201900046

Huang, Z. a., Sun, Q., Lv, K., Zhang, Z., Li, M., and Li, B. (2015). Effect of Contact
Interface between TiO2 and G-C3n4 on the Photoreactivity of G-C3N4/TiO2
Photocatalyst: (0 0 1) vs (1 0 1) Facets of TiO2. Appl. Catal. B: Environ. 164,
420–427. doi:10.1016/j.apcatb.2014.09.043

Jayachandran, J., and Chou, H. (2020). Recent Advances in Visible-Light-Driven
Hydrogen Evolution from Water Using Polymer Photocatalysts.
ChemCatChem 12, 689–704. doi:10.1002/cctc.201901725

Kosco, J., Sachs, M., Godin, R., Kirkus, M., Francas, L., Bidwell, M., et al. (2018).
The Effect of Residual Palladium Catalyst Contamination on the Photocatalytic
Hydrogen Evolution Activity of Conjugated Polymers. Adv. Energ. Mater. 8,
1802181. doi:10.1002/aenm.201802181

Kudo, A., and Miseki, Y. (2009). Heterogeneous Photocatalyst Materials for Water
Splitting. Chem. Soc. Rev. 38, 253–278. doi:10.1039/b800489g

Lan, Z.-A., Ren, W., Chen, X., Zhang, Y., andWang, X. (2019). Conjugated Donor-
Acceptor Polymer Photocatalysts with Electron-Output "tentacles" for Efficient
Hydrogen Evolution. Appl. Catal. B: Environ. 245, 596–603. doi:10.1016/j.
apcatb.2019.01.010

Lin, L., Ou, H., Zhang, Y., and Wang, X. (2016). Tri-s-triazine-based Crystalline
Graphitic Carbon Nitrides for Highly Efficient Hydrogen Evolution
Photocatalysis. ACS Catal. 6, 3921–3931. doi:10.1021/acscatal.6b00922

Linares, N., Silvestre-Albero, A. M., Serrano, E., Silvestre-Albero, J., and García-
Martínez, J. (2014). Mesoporous Materials for Clean Energy Technologies.
Chem. Soc. Rev. 43, 7681–7717. doi:10.1039/c3cs60435g

Osterloh, F. E. (2013). Inorganic Nanostructures for Photoelectrochemical and
Photocatalytic Water Splitting. Chem. Soc. Rev. 42, 2294–2320. doi:10.1039/
c2cs35266d

Shi, R., Cao, Y., Bao, Y., Zhao, Y., Waterhouse, G. I. N., Fang, Z., et al. (2017). Self-
Assembled Au/CdSe Nanocrystal Clusters for Plasmon-Mediated

Frontiers in Chemistry | www.frontiersin.org March 2022 | Volume 10 | Article 85401812

Sheng et al. Polymer Based Hydrogen Evolution Photocatalyst

https://www.frontiersin.org/articles/10.3389/fchem.2022.854018/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fchem.2022.854018/full#supplementary-material
https://doi.org/10.1021/jacs.9b03591
https://doi.org/10.1002/adfm.201703146
https://doi.org/10.1038/natrevmats.2017.50
https://doi.org/10.1038/natrevmats.2017.50
https://doi.org/10.1021/cr1001645
https://doi.org/10.1021/cr1001645
https://doi.org/10.1039/c8py00722e
https://doi.org/10.1016/j.polymer.2020.123079
https://doi.org/10.1039/c9ee01935a
https://doi.org/10.1002/smll.201801839
https://doi.org/10.1002/er.3329
https://doi.org/10.1038/238037a0
https://doi.org/10.1039/c9ta13212k
https://doi.org/10.1021/acscatal.9b01951
https://doi.org/10.1021/acscatal.9b01951
https://doi.org/10.1002/anie.201504985
https://doi.org/10.1002/anie.201900046
https://doi.org/10.1016/j.apcatb.2014.09.043
https://doi.org/10.1002/cctc.201901725
https://doi.org/10.1002/aenm.201802181
https://doi.org/10.1039/b800489g
https://doi.org/10.1016/j.apcatb.2019.01.010
https://doi.org/10.1016/j.apcatb.2019.01.010
https://doi.org/10.1021/acscatal.6b00922
https://doi.org/10.1039/c3cs60435g
https://doi.org/10.1039/c2cs35266d
https://doi.org/10.1039/c2cs35266d
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


Photocatalytic Hydrogen Evolution. Adv. Mater. 29, 1700803. doi:10.1002/
adma.201700803

Shu, C., Han, C., Yang, X., Zhang, C., Chen, Y., Ren, S., et al. (2021). Boosting the
Photocatalytic Hydrogen Evolution Activity for D-π-A Conjugated
Microporous Polymers by Statistical Copolymerization. Adv. Mater. 33,
2008498. doi:10.1002/adma.202008498

Shu, G., Li, Y., Wang, Z., Jiang, J.-X., and Wang, F. (2020a).
Poly(dibenzothiophene-S,S-dioxide) with Visible Light-Induced
Hydrogen Evolution Rate up to 44.2 Mmol H−1 G−1 Promoted by
K2HPO4. Appl. Catal. B: Environ. 261, 118230. doi:10.1016/j.apcatb.
2019.118230

Shu, G., Wang, Y., Li, Y., Zhang, S., Jiang, J.-X., and Wang, F. (2020b). A High
Performance and Low Cost Poly(dibenzothiophene-S,s-dioxide)@TiO2
Composite with Hydrogen Evolution Rate up to 51.5 Mmol H−1 G−1.
J. Mater. Chem. A. 8, 18292–18301. doi:10.1039/d0ta06159j

Sprick, R. S., Bai, Y., Guilbert, A. A. Y., Zbiri, M., Aitchison, C. M., Wilbraham, L.,
et al. (2019). Photocatalytic Hydrogen Evolution from Water Using Fluorene
and Dibenzothiophene Sulfone-Conjugated Microporous and Linear Polymers.
Chem. Mater. 31, 305–313. doi:10.1021/acs.chemmater.8b02833

Sprick, R. S., Wilbraham, L., Bai, Y., Guiglion, P., Monti, A., Clowes, R., et al.
(2018). Nitrogen Containing Linear Poly(phenylene) Derivatives for Photo-
Catalytic Hydrogen Evolution from Water. Chem. Mater. 30, 5733–5742.
doi:10.1021/acs.chemmater.8b02501

Ting, L., Jayakumar, J., Chang, C. L., Lin, W., Elsayed, M. H., and Chou, H. H.
(2019). Effect of Controlling the Number of Fused Rings on Polymer
Photocatalysts for Visible-Light-Driven Hydrogen Evolution. J. Mater.
Chem. A. 7, 40. doi:10.1039/c9ta06425g

Tsang, C. H. A., Li, K., Zeng, Y., Zhao, W., Zhang, T., Zhan, Y., et al. (2019).
TitaniumOxide Based Photocatalytic Materials Development and Their Role of
in the Air Pollutants Degradation: Overview and Forecast. Environ. Int. 125,
200–228. doi:10.1016/j.envint.2019.01.015

Turner, J., Sverdrup, G., Mann, M. K., Maness, P.-C., Kroposki, B., Ghirardi, M.,
et al. (2008). Renewable Hydrogen Production. Int. J. Energ. Res. 32, 379–407.
doi:10.1002/er.1372

Wang, K., Yang, L.-M., Wang, X., Guo, L., Cheng, G., Zhang, C., et al. (2017).
Covalent Triazine Frameworks via a Low-Temperature Polycondensation
Approach. Angew. Chem. Int. Ed. 56, 14149–14153. doi:10.1002/anie.
201708548

Wang, L., Zhang, Y., Chen, L., Xu, H., and Xiong, Y. (2018). Solar Energy
Conversion: 2D Polymers as Emerging Materials for Photocatalytic Overall
Water Splitting (Adv. Mater. 48/2018). Adv. Mater. 30, 1870369. doi:10.1002/
adma.201870369

Wang, P., Xu, S., Chen, F., and Yu, H. (2019). Ni Nanoparticles as Electron-
Transfer Mediators and NiS as Interfacial Active Sites for Coordinative
Enhancement of H2-Evolution Performance of TiO2. Chin. J. Catal. 40,
343–351. doi:10.1016/s1872-2067(18)63157-2

Wang, X., Maeda, K., Chen, X., Takanabe, K., Domen, K., Hou, Y., et al. (2009).
Polymer Semiconductors for Artificial Photosynthesis: Hydrogen Evolution by
Mesoporous Graphitic Carbon Nitride with Visible Light. J. Am. Chem. Soc.
131, 1680–1681. doi:10.1021/ja809307s

Wang, X., Maeda, K., Thomas, A., Takanabe, K., Xin, G., Carlsson, J. M., et al.
(2010). A Metal-free Polymeric Photocatalyst for Hydrogen Production from
Water under Visible Light. Nat. Mater. 8, 271–275. doi:10.1142/
9789814317665_0039

Wang, Z., Yang, X., Yang, T., Zhao, Y., Wang, F., Chen, Y., et al. (2018).
Dibenzothiophene Dioxide Based Conjugated Microporous Polymers for
Visible-Light-Driven Hydrogen Production. ACS Catal. 8, 8590–8596.
doi:10.1021/acscatal.8b02607

Xiao, W.-J., Wang, Y., Wang, W.-R., Li, J., Wang, J., Xu, Z.-W., et al. (2020).
Diketopyrrolopyrrole-BasedDonor-Acceptor ConjugatedMicroporous Polymers
for Visible-Light-Driven Photocatalytic Hydrogen Production from Water.
Macromolecules 53, 2454–2463. doi:10.1021/acs.macromol.9b02488

Xu, Y., Mao, N., Zhang, C., Wang, X., Zeng, J., Chen, Y., et al. (2018). Rational
Design of Donor-π-Acceptor Conjugated Microporous Polymers for
Photocatalytic Hydrogen Production. Appl. Catal. B: Environ. 228, 1–9.
doi:10.1016/j.apcatb.2018.01.073

Yang, C., Ma, B. C., Zhang, L., Lin, S., Ghasimi, S., Landfester, K., et al. (2016).
Molecular Engineering of Conjugated Polybenzothiadiazoles for Enhanced
Hydrogen Production by Photosynthesis. Angew. Chem. 128, 9348–9352.
doi:10.1002/ange.201603532

Ye, H., Wang, Z., Yu, F., Zhang, S., Kong, K., Gong, X., et al. (2020). Fluorinated
Conjugated Poly(benzotriazole)/g-C3n4 Heterojunctions for Significantly
Enhancing Photocatalytic H2 Evolution. Appl. Catal. B: Environ. 267,
118577. doi:10.1016/j.apcatb.2019.118577

Yu, W., Chen, J., Shang, T., Chen, L., Gu, L., and Peng, T. (2017). Direct Z-Scheme
G-C3n4/wo3 Photocatalyst with Atomically Defined junction for H2
Production. Appl. Catal. B: Environ. 219, 693–704. doi:10.1016/j.apcatb.
2017.08.018

Yu, Y., Yan, W., Wang, X., Li, P., Gao, W., Zou, H., et al. (2018). Surface
Engineering for Extremely Enhanced Charge Separation and Photocatalytic
Hydrogen Evolution on G-C3 N4. Adv. Mater. 30, 1705060. doi:10.1002/adma.
201705060

Zhang, G., Ou, W., Wang, J., Xu, Y., Xu, D., Sun, T., et al. (2019). Stable, Carrier
Separation Tailorable Conjugated Microporous Polymers as a Platform for
Highly Efficient Photocatalytic H2 Evolution. Appl. Catal. B: Environ. 245,
114–121. doi:10.1016/j.apcatb.2018.12.007

Zhang, Y., Kong, L., Zhang, Y., Du, H., Zhao, J., Chen, S., et al. (2020). Ultra-low-
band gap Thienoisoindigo-Based Ambipolar Type Neutral green Copolymers
with ProDOT and Thiophene Units as NIR Electrochromic Materials. Org.
Electro. 81, 105685. doi:10.1016/j.orgel.2020.105685

Zhao, Y., Ma, W., Xu, Y., Zhang, C., Wang, Q., Yang, T., et al. (2018). Effect of
Linking Pattern of Dibenzothiophene-S,s-Dioxide-Containing Conjugated
Microporous Polymers on the Photocatalytic Performance. Macromolecules
51, 9502–9508. doi:10.1021/acs.macromol.8b02023

Zhou, W., Jia, T., Shi, H., Yu, D., Hong, W., and Chen, X. (2019). Conjugated
Polymer Dots/graphitic Carbon Nitride Nanosheet Heterojunctions for Metal-
free Hydrogen Evolution Photocatalysis. J. Mater. Chem. A. 7, 303–311. doi:10.
1039/c8ta09735f

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Sheng, Zhong, Shang, Dong, Zhao, Du and Xie. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Chemistry | www.frontiersin.org March 2022 | Volume 10 | Article 85401813

Sheng et al. Polymer Based Hydrogen Evolution Photocatalyst

https://doi.org/10.1002/adma.201700803
https://doi.org/10.1002/adma.201700803
https://doi.org/10.1002/adma.202008498
https://doi.org/10.1016/j.apcatb.2019.118230
https://doi.org/10.1016/j.apcatb.2019.118230
https://doi.org/10.1039/d0ta06159j
https://doi.org/10.1021/acs.chemmater.8b02833
https://doi.org/10.1021/acs.chemmater.8b02501
https://doi.org/10.1039/c9ta06425g
https://doi.org/10.1016/j.envint.2019.01.015
https://doi.org/10.1002/er.1372
https://doi.org/10.1002/anie.201708548
https://doi.org/10.1002/anie.201708548
https://doi.org/10.1002/adma.201870369
https://doi.org/10.1002/adma.201870369
https://doi.org/10.1016/s1872-2067(18)63157-2
https://doi.org/10.1021/ja809307s
https://doi.org/10.1142/9789814317665_0039
https://doi.org/10.1142/9789814317665_0039
https://doi.org/10.1021/acscatal.8b02607
https://doi.org/10.1021/acs.macromol.9b02488
https://doi.org/10.1016/j.apcatb.2018.01.073
https://doi.org/10.1002/ange.201603532
https://doi.org/10.1016/j.apcatb.2019.118577
https://doi.org/10.1016/j.apcatb.2017.08.018
https://doi.org/10.1016/j.apcatb.2017.08.018
https://doi.org/10.1002/adma.201705060
https://doi.org/10.1002/adma.201705060
https://doi.org/10.1016/j.apcatb.2018.12.007
https://doi.org/10.1016/j.orgel.2020.105685
https://doi.org/10.1021/acs.macromol.8b02023
https://doi.org/10.1039/c8ta09735f
https://doi.org/10.1039/c8ta09735f
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles

	Triazine-Based Conjugated Microporous Polymers With Different Linkage Units for Visible Light–Driven Hydrogen Evolution
	Introduction
	Materials and Methods
	Instruments and Reagents
	Synthesis of CMP-1
	Synthesis of CMP-2
	Photocatalytic Hydrogen Production

	Results and Discussion
	Morphological and Structure Characterization
	X-Ray Photoelectron Spectroscopy (XPS) Analysis
	Band Structure Analysis
	Photo‐Induced Charge Carriers and Their Transportation
	Photocatalytic H2 Production Evolution
	Photocatalytic Mechanism

	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References


