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Development of highly functionalized fully-conjugated covalent organic frameworks (COFs) with novel linkages
is an emerging field. Herein, a fully sp2-carbon two-dimensional (2D) COF (TTO-COF) was designed and synthesized by acid-catalyzed Aldol reaction on the basis of the assembling triazine units into COFs uniformly. TTOCOF proved to be a photosensitive semiconductor (optical bandgap is 2.46 eV) with high chemical stability
under harsh conditions (strong acid and strong base) and superior conduction efficiency of carriers, exhibiting
better performance and reusability in photocatalytic degradation of dyes and C–H functionalization of arenes
and heteroarenes compared to imine COFs and g-C3N4. Our work indicates that functionalized olefin-linked COF
has great potential to be a kind of photocatalyst.

1. Introduction
Covalent organic frameworks (COFs) are a class of porous organic
materials constructed with organic building units via strong covalent
bonds [1–3]. Benefitting from the tremendous design space in atomically precision assembly offered by the tunability of building blocks
[4], diverse COFs have been designed and applied in the fields such as
gas storage [5], sensing [6], catalysis [7], optoelectronics [8]. Owing to
their high surface area, ordered and extended π-conjugate framework
and tolerable stability, COFs also show a broad application prospect in
the field of photocatalysis. As a lowcost non-metallic photocatalyst,
graphitic carbon nitride (g-C3N4) has attracted extensive attention
[9–11]. Although some inherent defects including blocked carrier migration as well as rapid recombination of photogenerated electrons and
holes limited the applications of g-C3N4 [12], triazine structure, the
light-harvesting centers in g-C3N4, still provide great inspiration to researchers. On the basis of the thought that introducing triazine groups
into the COFs which is a broad organic polymer platform for artificial
design and assembly, a variety of imine-based COFs have been designed
to exhibit infusive photocatalytic performance [13–16].
More recently, the exploration of the new robust linkages of COFs
has become a research focus in the context of unsatisfactory stability of
imine and boronate ester linkages which are the most classic and most

widely used [17]. A series of novel linkages including amide linkage
[18], dioxin linkage [19,20] as well as benzimidazole [21–23], benzoxazole [24–26] and benzothiazole [25,27] linkages have been reported. Additionally, a class of olefin-linked COFs has gradually attracted attention due to the better electron delocalization and chemical
stability offered by C]C linkages compared to imine-linked COFs
[28–30]. Considering the robust structures and efficient charge conduction across 2D-COFs lattice, such fully conjugated sp2 carbon COFs
with attractive photoelectric properties are suitable to be an appropriate platform for photocatalysis [31,32]. Unfortunately, it is difficult
to construct C]C linkage following the principle of dynamic covalent
chemistry in the synthesis of COFs [17]. To date, only three precursors
[28,33,34] have been reported to synthesize olefin-linked COFs through
condensation with aromatic aldehydes and most of these COFs contain
numerous nitrile groups appended to the conjugated skeleton, which
are detrimental to the stability of the C]C bonds and the electron
delocalization of the frameworks [33,34].
Herein, an olefin-linked 2D-COF (named as TTO-COF) rich in triazine groups was designed and synthesized through Aldol condensation
of planar 2,4,6-tris(4-formyl-phenyl) -1,3,5-triazine (TFPT) and 2,4,6trimethyl-1,3,5-triazine (TMT). Photoactive triazine units are distributed on the planar COF layers uniformly and orderly without any
excess electron-withdrawing groups. An eclipsed AA stacking is adopted
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by TTO-COF, and a distinct microscopic arrangement structure was
observed. C]C linkages provide TTO-COF with high chemical stability
under harsh conditions. As a photoresponsive semiconductor, TTO-COF
exhibited superior conduction efficiency of carriers compared with
imine-COF and g-C3N4 owing to high planarity and electron delocalization. In addition to being used for photocatalytic degradation of organic dyes via generating reactive oxygen species (ROS), which is the
sole mechanism for most COFs photocatalysts, TTO-COF could also
directly stimulate the substrates for C–H functionalization of arenes and
heteroarenes under the light irradiation with superior and persistent
activity as well as good reusability.

standard three-electrode system, using a platinum foil as the counter
electrode and saturated calomel electrode (SCE) as the reference electrode. The electrolyte was a 0.2 mol L−1 Na2SO4 aqueous solution. The
working electrodes were prepared as follows: 5 mg of photocatalyst
powder was dispersed in 0.5 mL of ethanol, which was dip-coated on
the surface of indium tin oxide (ITO) glass substrate. Subsequently, 5%
Nafion-ethanol solution was dripped onto the sample film and dried at
100 °C. Mott-Schottky curves were measured at a frequency of 1 kHz.
The EIS frequency ranged from 10 to 100 kHz with an AC voltage
magnitude of 50 mV. Cyclic voltammetry (CV) was performed on a CHI
852D electrochemical workstation in a three-electrode electrochemical
cell and a scan rate of 0.05 V s–1. The electrolyte was a 0.1 mol L−1
tetrabutylammonium hexafluorophosphate anhydrous acetonitrile solution. Carbon paper act as working electrode, reference electrode is a
nonaqueous Ag+/Ag electrode, auxiliary electrode is platinum flakelet
electrode. Ferrocene/ferrocenium (Fc/Fc+) redox potential was measured at the end of each experiment in order to calibrate the pseudo
reference electrode.

2. Experimental section
2.1. Synthesis of TTO-COF
A quartz tube measuring 13 × 10 mm (o.d × i.d) was charged TFPT
(38.52 mg, 0.1 mmol), TMT (12.3 mg, 0.1 mmol), mesitylene (1.0 mL),
1,4-dioxane (1.0 mL), acetonitrile (50 μL) and trifluoroacetic acid (TFA)
(0.4 mL). The tube was sonicated for 15 min, then flash frozen at 77 K in
liquid N2 bath, degassed by three freeze-pump-thaw cycle and flame
sealed. The reaction was heated at 150 °C for 72 h yielding yellow
precipitate which was isolated by centrifugation, washed with acetone
(30 mL × 3), methol (30 mL × 3), neutralized by 0.1 mol L−1 NH4OH
solution in aqueous methanol (50 wt%), then washed with methanol
and evacuated under vacuum at 120 °C for 10 h to yield activated TTOCOF. Calcd for [C30N6H18]n: C, 77.92; N, 18.18; H, 3.9 %. Found: C,
76.70; N, 18.70; H, 3.21 %.

2.4. General procedure for photocatalytic degradation of dyes
TTO-COF (15 mg) was dispersed in 50 mL methyl orange (MO)/
methylene blue (MB) aqueous solution with the concentration of
10 ppm. Before the photodegradation, the solution was first stirred in
darkness for 1 h to achieve the adsorption-desorption equilibrium.
Photodegradation was carried out under the irradiation of a 300 W
xenon lamp equipped with an optical cutoff filter (λ ≥ 420 nm). 2 mL
aliquot was extracted at certain times, the photocatalyst was removed
by centrifugation and the supernatant was analyzed by UV–vis spectrophotometer. The maximum absorption wavelength of the each dye
was used to be the detection wavelength (MO-470 nm, MB-664 nm).

2.2. Characterization
Powder X-ray diffraction (PXRD, Almelo, Netherlands) using a Cu
Kα (λ = 1.5418 Å) radiation ranging from 3° to 50° with a resolution of
0.02° was utilized to analyse the crystalline. The microstructures of the
catalysts were investigated by field emission scanning electron microscope (FE-SEM, Quattro ESEM, Thermo Fisher) and high-resolution
transmission electron microscope (HR-TEM, JEM-2100F, JEOL) at accelerating voltage of 200 kV. Surface analysis by X-ray photoelectron
spectroscopy (XPS) was carried out using Thermo Fisher ESCALAB
250Xi equipment (Waltham, MA), and the X-ray source was Al Kα radiation (1486.6 eV, monochromatic). Fourier transform-infrared (FTIR) spectra in the 4000–400 cm−1 region were recorded on a NEXUS
670 Infrared Fourier Transform Spectrometer (Nicolet Thermo,
Waltham, MA). Solid-state nuclear magnetic resonance (ssNMR) spectroscopy was obtained on a JNM-ECZ600R spectrometer (JEOL).
Elemental analysis (EA) was conducted on an EA3000 analyzer (EUROVECTOR). Thermogravimetric analysis (TGA) from 50 to 900 °C was
carried out on a TGA Q5000 IR thermogravimetric analyzer (TA
Instruments, New Castle, U.S.A.) with the heating rate of 10 °C min−1
under air atmosphere. Surface area and pore volume were measured by
BrunauerEmmett-Teller
(BET)
methods
(ASAP2000
V3.01A;
Micrometritics, Norcross, GA). The diffuse reflectance spectra (DRS)
were collected using a Hitachi U-3900 UV–vis spectrophotometer
(BaSO4 as a reflectance standard). The photoluminescence (PL) spectra
and transient fluorescence lifetime of samples were detected on an
FLSP920 fluorescence spectrometer (Edinburgh Instruments, England).
The electron spin resonance (ESR) spectrum was detected by a Bruker
ESP-300E spectrometer at 9.8 GHz, X-band, with 100 Hz field modulation. Gas chromatography-Mass spectrometer (GCeMS) analysis was
carried out on an Agilent 7890A/5975C. Visible-light irradiation was
provided by a CEL-HXF300F3 300 W xenon lamp (CEAULIGHT).

2.5. General procedure of photocatalytic C–H functionalization of (het)
arenes
A quartz reactor was charged with the (het)arene (1 mmol, 1.0
equiv), sodium trifluoromethylsulfinate (2−4 mmol, 2.0–4.0 equiv)
and 60 mg TTO-COF, then 5 mL DMSO was added and sonicated for
10 min. The reactions were carried out under the irradiation of a 300 W
Xe lamp and the temperature of the reaction systems were kept at room
temperature by condensate. After completion of the reaction, the yield
was obtained by GC–MS analysis.
3. Results and discussions
TTO-COF was synthesized through the Aldol condensation of 1,3,5tris-(4-formyl-phenyl)triazine (TFPT) and 2,4,6-trimethyl-1,3,5-triazine
(TMT) catalyzed by trifluoroacetic acid (TFA) in the solvent mixture of
mesitylene/1,4-dioxane/TFA/acetonitrile (5/5/2/0.25) at 150 °C for
72 h (Scheme 1a). The crystallinity of TTO-COF was confirmed by
PXRD. As shown in Fig. 1a, the PXRD pattern exhibited an intense peak
at 5.66° and other minor peaks at 9.43°, 10.89°, 14.42°, 25.72° and
26.31°, which corresponding to reflection from the planes (100), (110),
(200), (210), (001) and (101), respectively. The crystal model of TTOCOF was simulated by Material Studio (v. 7.0) and geometric energy of
structural model was minimized by Forcite molecular module (Section
S3). The eclipsed AA and staggered AB stacking modes were modeled,
and the experimental pattern showed more agreement with the eclipsed
AA stacking models in space group P6 (Fig. S3). The position of the
PXRD peaks in the simulated patterns of staggered AB layer stacking
model was consistent with the experimental PXRD patterns, but the
relative intensity of the peaks was inconsistent. After Pawley refinement of experimental PXRD pattern, a unit cell with parameters
a = b = 18.8292 Å, c = 3.4688 Å, α = β = 90°, γ = 120° and good
agreement factors (Rwp = 2.55 %, Rp = 2.01 %) was obtained.
Solid-state 13C cross-polarization magic angle spinning (CP-MAS)

2.3. Photoelectrochemical measurements
Mott-Schottky (M-S) plot and photocurrent were investigated on a
CHI 660B electrochemical analyzer (Chenhua, Shanghai, China) in a
2
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Scheme 1. Graphical representation of synthesis and application of photocatalysis.

NMR spectra of TTO-COF display the signals of triazine carbon at
172 ppm and doublet peaks at 138.3 and 128.1 ppm for aromatic and
olefinic carbon (Fig. S4). The area ratio of the three peaks is about
2:3:5, which corresponds exactly to the amount of carbon assigned to
each peak in TTO-COF [C30N6H18]n. FT-IR spectra of TTO-COF (Fig. 1c)
show that the C]O vibration frequency at 1708 cm−1 corresponding to
the aldehyde group of TFPT almost disappeared completely, and a new
vibration peak at 1632 cm−1 confirmed the formation of −CH]CH−
in TTO-COF. The XPS N 1s spectra (Fig. S5) showed binding energy of
398.7 eV corresponding to sp2 hybridized –C]N– bond in triazine ring
which is the single form of nitrogen consist in the TTO-COF. Nitrogen

adsorption experiment at 77 K was used to investigate the permanent
porosity of TTO-COF (Fig. S6). TTO-COF showed typical type-I isotherm, and the sharp N2 uptake in the low-pressure region (P/P0 <
0.05) indicated its microporosity. The Brunauer–Emmett–Teller (BET)
surface areas of TTO-COF was calculated as 390.35 m2 g−1, with total
pore volumes (P/P0 = 0.99) of 0.326 cm3 g−1. Pore size distribution
(PSD) of TTO-COF 1.23 nm was derived from the nonlocal density
functional theory (NLDFT) model, which was similar to the calculated
pore diameter (1.18 nm) [35,36].
A fibrous morphology was found in the images of SEM with a width
of ∼160 nm (Fig. 1d, Figs. S7-S8). Such morphology was probably

Fig. 1. (a) Comparison of the experimental PXRD patterns of TTO-COF (red circles) with the Pawley refined pattern (black), simulated pattern for AA stacking (blue)
and difference plot (orange). (b) Views of AA stacking model along the c- and a-axis direction. (c) FT-IR spectrums of TTO-COF with starting molecules (TFPT and
TMT). (d) SEM image of TTO-COF. (e) HR-TEM image of TTO-COF. (f) The model of channel arrangement and π-π stacking of TTO-COF corresponding to (d) (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
3
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Fig. 2. (a) Optical bandgap of TTO-COF. Comparison of transient fluorescence spectra between TTO-COF and g-C3N4 (b) and TTO-COF and TTI-COF (c). (d)
Photocurrents of TTO-COF, TTI-COF and g-C3N4 under visible light irradiation (λ > 420 nm). (e) Mott−Schottky plot and flat band potential of TTO-COF. (f) Band
alignment of TTO-COF and g-C3N4 [9].

caused by high planarity of TFPT as well as TMT, which facilitates the
accumulation of TTO-COF along the Z-axis during the growth process
[37]. The image of HR-TEM shown in Fig. 1e exhibited unambiguous
ordered channel arrangement and π-π stacking of TTO-COF (Fig. 1f).
The characteristic d-spacing of π–π stacking in the transverse direction
is 0.33 nm, which is equal to the distance between face-to face 2D-TTOCOF plane. Another d-spacing of 1.72 nm was observed in the vertical
direction, which is similar to diameter of hexagonal model of TTO-COF.
Meanwhile, the d-spacing of 0.33 and 1.72 nm are corresponding to the
diffraction peaks of (001) and (100) facets in the PXRD pattern according to Bragg’s law (nλ = 2dsinθ).
According to the thermogravimetric analysis (TGA) curves (Fig. S9),
the thermal stability of TTO-COF was up to 400 °C, which is better than
most of 2D-COFs whose critical pyrolysis temperatures are below
350 °C. Simultaneously, TTO-COF also exhibited good chemical stability in harsh acidic and basic conditions (9 M HCl and 9 M NaOH) as
well as common organic solvent without destruction of the crystal
structure (Figs. S10-S11).
Ultraviolet-visible diffuse reflectance spectroscopy (UV-DRS) patterns showed that TTO-COF has a better optical absorption capacity in
the visible light region (400−800 nm) compared to g-C3N4 (Fig. S12).
The optical bandgap was calculated to be 2.46 eV (Fig. 2a) according to
Tauc plot:
1

( h ) n = A(h

stronger π-π stacking of highly conjugated COF planes. Transient
fluorescence lifetime ( ¯ ) of TTO-COF was 1.78 ns which was much
shorter than that of g-C3N4 and imine-linked TTI-COF (a triazine
functionalized COF, Section S2) (Fig. 2b–c). This could be attributed to
the higher conduction efficiency of photogenerated carriers in olefinlinked the fully conjugated 2D-COF plane [39]. In addition, a stronger
photocurrent response of TTO-COF (Fig. 2d) implies more photo-excited carriers and more efficient charge transfer in olefin-linked COFs.
In Fig. S14, the arc radius of TTO-COF on EIS Nyquist plot is smaller
than those of TTI-COF and g-C3N4, once again confirming the highest
electron transfer efficiency and the smallest interfacial resistance of
TTO-COF. Mott−Schottky plot indicated that TTO-COF is an n-type
semiconductor, and the flat band potential is derived as −0.38 V (vs
normal hydrogen electrode) (NHE) (Fig. 2e) according to the potential
of SCE vs. NHE (0.245 V at 298 K), which is very close to the potential
of CB bottom [40]. Combined with optical band gap of 2.46 eV, the VB
top is located at around 2.08 eV, and deeper VB positions (Fig. 2f)
implied stronger oxidation ability of photogenerated holes. The cyclic
voltammetry (CV) curve showed a reduction peak of TTO-COF at
−1.16 V (vs. Ag+/Ag) (−0.39 V vs. NHE), which was close to the CB
potential and corresponded to the TTO-COF−/TTO-COF couple. The
lowest unoccupied molecular orbital (LUMO) and the highest occupied
molecular orbital (HOMO) levels of TTO-COF was derived as −4.16 eV
and −6.61 eV (vs. vacuum level), respectively (Fig. S15), which are
similar to the values of CB/VB (vs. NHE) according to the conversion
formula of vacuum level and NHE: −4.44 eV vs. vacuum level is equal
to −0.4 V vs. NHE at pH 6.8 (0.2 M Na2SO4). Above characterizations
indicated that TTO-COF is a semiconductor with intense photoresponse.
TTO-COF can be used as a nonmetallic organic photocatalyst considering the high density distribution of photoactive triazine units, superior properties of photoresponsive semiconductor and remarkable
chemical stability. Firstly, MO and MB were selected as the model
pollutants to investigate the photocatalytic degradation performance
under the irradiation of visible light (λ > 420 nm) (Fig. 3). Before the
photodegradation experiments, the photocatalysts and dyes solution
were contacted in darkness for 1 h to reach adsorption equilibrium. Due
to the electronegativity of surface with a zeta potential of −36.2 mV,
TTO-COF exhibited stronger adsorption to cationic dyes (MB) than

Eg )

where α represents the absorption coefficient, hυ is the photon energy,
n is the power index determined by the type of optical transition,
n = 1/2 for direct transition, A is a constant, Eg is the optical band gap.
Eg is the energy required for an electron to transit from valence band
maximum (VBM) to conduction band minimum (CBM). When the enEg), the
ergy of the incident light is higher than or equal to Eg (hυ
electrons in the valence band (VB) can be excited to transit to the
conduction band (CB), and the light absorption of semiconductors in
this range would significantly enhanced. The optical band gap of TTOCOF was narrower than that of g-C3N4 (2.7 eV) [9]. Steady-state
fluorescence spectrums indicated that the fluorescence of g-C3N4 was
much stronger than that of TTO-COF (Fig. S13), which could be explained by aggregation-induced fluorescence quenching [38] caused by
4
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Fig. 3. (a) Photocatalytic degradation of
10 ppm MB over TTO-COF, TTI-COF, g-C3N4
and self-degradation. (b) Kinetics linear simulation curves of MB photodegradation over
different photocatalysts and self-degradation.
(c) Photocatalytic degradation of 10 ppm MO
over TTO-COF, TTI-COF, g-C3N4 and self-degradation. (b) Kinetics linear simulation curves
of MO photodegradation over different photocatalysts and self-degradation. It should be
noted that the linear fittings were carried out
for the date of MO from 0 to 30 min and MB
from 0 to 20 min. After the above time periods,
the concentrations were too low and deviated
from the pseudo-first-order kinetics model.

anionic dyes (MO). The degradations of both MB and MO were almost
completed (>99 %) within 20 min by TTO-COF, which were significantly better than the degradation efficiency of g-C3N4 and the
triazine-based imine-linked TTI-COF, because olefin linkages (–C]C–)
provided conjugated frameworks of COFs with enhanced electron delocalization in comparison with the conventional imine (–C]N–)
linkage [31], which facilitate the transfer process of photogenerated
carriers to achieve an enhanced photocatalytic efficiency. The degradation process of both MO and MB fitted well with pseudo-firstorder reaction model, confirming that charge type and adsorption capacity of dyes were not the main factors for the reaction order. What is
gratifying is that the photodegradation reaction could be carried out for
five times continuously without any processing required and the degradation efficiency was essentially preserved (Fig. S17), which was
benefited from the high chemical stability of olefin-linked COFs. It is
noted that TTO-COF showed a lower degradation rate (kMO < kMB) as
well as a more significant efficiency loss among the low concentration
range after several consecutive uses for MO than MB, which could be
explained by weaker adsorption of MO. To be specific, dye molecules
concentrated on the surface of materials were degraded in situ rapidly
under lights [39] so that stronger adsorption would result in higher
degradation efficiency [41]. When the concentration is at a low level,
the concentration diffusion rate of dye molecules from solution to the
surface of materials is too low and electrostatic adsorption would become the main factor determining the degradation efficiency, which
could explain that TTO-COF exhibited better degradation efficiency for
low-level MB. PXRD and FT-IR spectrum showed no significant variations after five cycles (Fig. S18), indicating that ROS generated in the
reaction can not destroy the structure of TTO-COF. In contrast, iminelinked triazine functionalized TTI-COF performed poorly in this continuous degradation experiment and degradation performance could be
partially restored only after reactivation with methanol. PXRD patterns
indicated that the framework structure of the TTI-COF was still retained
after contacting with water (Fig. S19). The reversible inactivation of
TTI-COF is probably because the hydrogen bond [42] between H2O and
imine nitrogen weakened the electron delocalization of imine bonds,
which hindered the conduction of carriers. Hence, we believe that

imine nitrogen is a vulnerable site in the COFs framework, which also
reveals the significance of using novel stable linkages instead of conventional imine linkage.
In order to understand the mechanism of photocatalytic degradation, we firstly performed spin trapping experiments and examined the
trapped adduct by electron spin resonance (ESR) spectroscopy. 5,5Dimethyl-1-pyrroline N-oxide (DMPO) was added to the mixture of
TTO-COF and air-saturated methanol, and the adduct of superoxide
radical anion (O2%−) with DMPO was detected after visible light irradiation (Fig. S20) indicating the formation of superoxide radical anion.
Simultaneously, the radical trapping experiments were carried out to
further explain the degradation mechanism. The addition of p-benzoquinone (BQ), as superoxide radical scavenger, greatly hindered the
degradation of dyes, while the presence of ethylenediaminetetraacetic
acid disodium salt (EDTA-2Na, a hole scavenger) could slightly accelerate this reaction (Fig. S21). This result indicated that the photodegradation of dyes was mainly driven by superoxide radical anion
(O2%−) rather than holes (h+). The generation of ROS (including O2%−,
1
O2 and %OH) and the activation of the reaction substrates via ROS were
the key mechanism of most photocatalytic aerobic oxidation reactions.
Therefore, we believe that TTO-COF has the potential to be applied in
these aerobic reactions induced by superoxide radical anions. However,
the application of these reported heterogeneous nonmetallic photocatalysts represented by COFs are mostly limited to the monotonous
reaction type of aerobic oxidation.
Considering the high stability and the long-lasting photocatalytic
performance of TTO-COF, as well as the fact that we are not satisfied
with the monotonous mechanism of depending on ROS to initiate the
reaction, we further developed its application in the C–H functionalization of arenes and heteroarenes. Trifluoromethyl is an important
functional group that can dramatically modify the properties of organic
molecules such as lipophilicity and electronegativity [43]. As a stable
and low-cost precursor of trifluoromethyl radical, sodium trifluoromethanesulfinate (CF3SO2Na, Langlois’ reagent) [44] has been
widely used in trifluoromethylation reaction in recent years, but peroxides and transition metal catalysts were required to initiate the precursor to produce trifluoromethyl radicals [45].
5
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Scheme 3. Proposed mechanism for the photocatalytic trifluoromethylation
reactions.

attributed to the more effective addition of electrophile CF3 radicals to
electron-rich arenes. Additionally, heteroarenes including some biological and pharmaceutical molecules (8–10) also showed satisfactory
trifluoromethylation yield.
The recyclability of catalysts is one of the major advantages of
heterogeneous catalysis. TTO-COF could be recovered after the reaction
without significant decrease of the catalytic performance after three
cycles (Fig. S22). PXRD and IR patterns demonstrated that the chemical
and crystalline structure of TTO-COF were basically preserved under
the long-time irradiation and the presence of trifluoromethyl radical
(Fig. S23). In contrast, imine-linked TTI-COF performed poorly in the
model reaction of photocatalytic trifluoromethylation, and PXRD patterns revealed a collapse of the structural order in TTI-COF after the
first cycle of this reaction (Fig. S24), which again demonstrated the
superiority of olefin linkages over imine linkages. Additionally, TTOCOF showed better photocatalytic efficiency than mpg-C3N4 for some
substrates (Table S3).

Scheme 2. Photocatalytic CeH trifluoromethylation of arenes and heteroarenes by TTO-COF.
[a] CF3SO2Na is twice the aromatic substrates equivalent. [b] CF3SO2Na is four
times the heteroarenes substrates equivalent.

We proposed herein a mild photoinduced excitation approach for
trifluoromethylation reactions achieved by nonmetallic and heterogeneous TTO-COF photocatalyst (Scheme 2). The experiments started
with model compounds 1,3,5-trimethoxybenzene. With 300 W Xe lamp
as the light source, an 98 % yield was achieved under room temperature
(RT) and air for 16 h. Control experiments (Table S2) were carried out
and the results were summarized as follows: (1) light and photocatalyst
were necessary for this reaction, indicating that photo-excited TTO-COF
was the initiator of trifluoromethyl radicals precursor; (2) O2 was also
essential for this reaction, confirming that extra oxidants were required
to complete the reaction; (3) the reaction could be obviously blocked in
the presence of electron donors (iPr2NEt), revealing that excited TTOCOF was the key initiator of CF3SO2Na.
On the basis of above results and previous relevant studies [45,46],
the reaction mechanism was depicted in Scheme 3. Under the irradiation of light, excited TTO-COF generated photogenerated holes and
electrons, CF3SO2Na was oxidized by photogenerated holes and resultant CF3SO2 radicals were rapidly converted to trifluoromethyl radicals via entropically driven release of SO2. The electron-deficient
trifluoromethyl radicals were enabled to add to the electron-rich site of
arene to generate cyclohexadienyl radicals. Oxygen act as a terminal
oxidant in the photoreaction cycle [47]. On the one hand, oxygen
captured photogenerated electrons in the excited TTO-COF to regenerate photocatalyst, on the other hand, oxygen could aromatize
cyclohexadienyl radicals to furnish trifluoromethyl substituted aromatics. We next extended the range of substrates to examine the substrate tolerance of such reaction. Electron-rich arenes generally exhibited better conversion but were irrelevant to the number of electrondonating substituents (compounds 1–3), benzene (4) and arenes with
weak electron-donating groups (5) also gave good yield. However,
arenes with electron-withdrawing substituent exhibited poor yield even
with an increase of the amount of CF3 source. The above results can be

4. Conclusion
In summary, we have designed and synthesized a novel triazinebased fully conjugate COF via Aldol condensation of TFPT and TMT.
Two triazine-based precursors are linked by C]C bonds to form a
highly planarized and conjugated 2D-COF plane and provided this
triazine functionalized TTO-COF with high chemical stability even
under harsh conditions. TTO-COF exhibited superior properties of
photoresponsive semiconductor with high conduction efficiency of
photogenerated carriers. Photocatalytic degradation of organic dyes
and photocatalytic C–H functionalization of arenes and heteroarenes
were realized by TTO-COF with satisfactory efficiency and reusability
compared to imine-linked COFs and g-C3N4. Additionally, TTO-COF can
not only stimulate oxygen to generate ROS, but also directly participate
in the activation of substrates under photoexcitation, which would
greatly broaden the application of COFs in photocatalysis and provide
inspiration to researchers. We believe that design and functionalized
assembly of highly conjugated olefin-linked COFs developed in this
work could be a novel approach for developing optical function materials.
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