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ABSTRACT

To construct the heterojunctions of TiO, with other compounds is of great importance for overcoming its inherent shortages and
improving the visible-light photocatalytic performance. Here we propose the construction of TiO,/covalent organic framework
(COF) heterojunction with tight connection by a supercritical CO, (SC CO,) method, which helps bridging the transformation paths for
photo-induced charge between TiO, and COF. The produced TiO,/COF heterojunction performs a H, evolution of 3,962 umol-g~"h~"
under visible-light irradiation, which is ~ 25 times higher than that of pure TiO, and 4.5 folds higher than that of TiO./COF synthesized
by the conventional solvothermal method. This study opens up new possibilities for constructing heterojunctions for solar energy

utilization.
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1 Introduction

Since the first report of titanium dioxide (TiO.) for photo-
electrocatalytic H, production in 1972 by Fujishima and Honda
[1, 2], the direct conversion of solar energy to hydrogen energy
becomes possible. TiO: has been extensively researched in the
past decades for its non-toxicity, abundance, low cost, chemical
stability and ultra-high activity [3, 4]. However, limited by the
low quantum efficiency and wide band gap (3.0-3.2 eV), TiO.
is photo-reactive only in ultra-violate (UV) region below 380 nm
[5]. Thus the utilization of visible light which accounts for 43%
in the total solar power remains to be developed [6, 7]. So far,
considerable efforts have been devoted to narrow the band
gap and enhance the visible-light absorption of TiO;, including
heteroatom doping [8, 9], metal deposition [10-13] and
introducing heterojunction [14-16]. Among these methods,
the construction of heterojunction structures of TiO. with
semiconductors [17, 18], polymers [19, 20], carbon nanotubes
[21, 22] etc. has attracted much interest. In general, the
heterojunctions are produced by solvothermal method, which
usually causes the relatively loose connection between the two
compounds and thus restricts their photoelectrical properties
for catalysis. It is desirable to develop TiO. heterojunctions
combined by strong interactions for further improved
electron-hole separation efficiency as well as visible-light
absorption.

Being one of the most abundant green solvents on the earth,
supercritical CO, (SC CO) has aroused much attention for its
unique features such as the low viscosity and surface tension;
high solubility, diffusivity and penetrability [23, 24]. Here, we
demonstrate for the first time a SC CO»-assisted route for the
construction of TiO»/COF heterojunction with tight connection
(Scheme 1). The utilization of SC CO. combines many
advantages. First, SC CO; favors the Ti-N bond formation of
TiO»/COF heterojunction, which improves the electron-hole
separation efficiency. Second, the small and uniform TiO,
nanoparticles are well dispersed on the shell of COF spheres
owing to the facilitated diffusion and penetration of TiO:
precursor across COF shell assisted by SC CO, [25]. Moreover,
the combination of TiO, and COF causes a broader absorbance
in visible-light region. Owing to these unique features, the
as-synthesized TiO»/COF heterojunction exhibits greatly improved
H. evolution under visible-light irradiation compared with
pure TiO..

2 Experimental

2.1 Materials

Tetrabutyl titanate (TBT) (purity > 98.5%) was purchased
from Beijing Xingjin Chemical Factory. Benzidine (Bd) (purity >
98.0%) was supported by Aladdin Industrial Corporation.
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1,3,5-triformylbenzene (Tb) (purity 96%) was provided by Beijing
InnoChem Science & Technology Co., Ltd. Triethanolamine
(TEOA) (purity > 99%) was purchased from Acros Organics,
USA. HPtCle-6H.O (purity 99.9%) was supported by J&K
Scientific Ltd. Deionized water, dimethyl formamide (DMF),
tetrahydrofuran, ethyl alcohol (EtOH), acetic acid and dioxane
were purchased from Beijing Chemical Works. Nafion D-521
dispersion (5% w/w in water and 1-propanol, > 0.92 meq/g
exchange capacity) was provided by Alfa Aesar China Co., Ltd.
N: (purity 99.999%) and CO; (purity 99.999%) were purchased
from Beijing Analysis Instrument Factory.

2.2 Synthesis of TbBd

A 50 mL stainless steel vessel was charged with Tb (147 mg,
0.9 mmol) and dioxane (5 mL). The mixture was sonicated
for 10 min to get a homogeneous dispersion. Afterwards, Bd
(249 mg, 1.35 mmol) in 5 mL of dioxane solution was added,
and the resultant suspension was briefly sonicated for 1 min.
Subsequently, acetic acid (3 M, 1.8 mL) was added and the
vessel was then sealed and left undisturbed for 3 d at 120 °C.
The precipitate was collected by centrifugation and washed
with DMF and anhydrous tetrahydrofuran separately. The
collected powder was then activated by solvent exchange with
anhydrous methanol for 3 times and dried at 80 °C under
vacuum for 12 h to give a yellow powder with 80% isolated
yield and a molecular formula of (Ci2sHseN12).

2.3 Preparation of TiO2/TbBd-1

In a typical experiment, 50 mg of TbBd, 50 mg TBT was
dispersed in 5 mL EtOH. After a brief sonication of 1 min, the
resultant suspension was transferred to a 15 mL Teflon-lined
stainless steel vessel. 200 pL water was injected in the pipeline
of the vessel in advance. As CO, was pumped into the vessel,
the pre-injected water was rushed into the vessel at the same
time. After the desired pressure (5.52 MPa) had been reached
under thermal equilibrium (25 °C) controlled by a water bath,
the vessel was transferred in an oil bath at 120 °C for 24 h
reaction. Then CO. was removed by depressurization. The
precipitate was collected by centrifugation and washed with
EtOH and dried at 80 °C under vacuum for 12 h to give a
yellow powder.

2.4 Preparation of TiO2/TbBd-2

TiO»/TbBd-2 was synthesized in the same conditions with
that of TiO./TbBd-1, except that CO. was not charged into the
reaction system.

2.5 Synthesis of TiO:

TiO, was synthesized in the same conditions with that of
TiO./TbBd-1, except that TbBd was not added into the reaction
system.

2.6 Characterizations

X-ray diffraction (XRD) was performed using a Rigaku
D/max-2500 diffractometer with Cu Ka radiation (A = 1.5418 A)
at 40 kV and 200 mA. The morphology of catalyst was
characterized by scanning electron microscope (SEM) (HITACHI
S-4800) and transmission electron microscope (TEM) (JEM-
1011). The X-ray photoelectron spectroscopy (XPS) was
performed using a multipurpose X-ray photoemission spec-
troscope (Thermo Scientific ESCALAB 250Xi). The contents
of Ti in composites were determined by inductively coupled
plasma atomic emission spectroscopy (ICP-AES) (VISTA-MPX).
The Xenon lamp (300 W) was provided by Zhongjiaojinyuan
Co., Ltd. The optical absorption property was characterized by
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ultraviolet visible diffused reflectance spectrum (UV-vis DRS,
UV-2600, SHIMADZU). The XAFS experiment was carried
out at Beamline 1W1B at Beijing Synchrotron Radiation Facility
(BSRF). Data of X-ray absorption fine structure (XAFS) were
processed using the Athena program of thee IFEFFIT package
based on FEFF 6. Prior to merging, spectra were aligned to the
first and largest peak in the smoothed first derivative of
the absorption spectrum, background removed, and spectra
processed to obtain a normalized unit edge step. Data were
processed with k*-weighting and a Rbkg value of 1.0. Merged
data sets were aligned to the largest peak in the first derivative
of the adsorption spectrum. Normalized y(E) data were obtained
directly from the Athena program of the IFEFFIT package.

2.7 Photocatalytic H: generation

In a typical experiment, 10 mg of photocatalyst was pre-
dispersed in the mixture of water/TEOA (9 mL/1 mL) in a
round-bottom flask (100 mL). Then 30 uL of H.PtCls aqueous
solution (10 mg-mL™") was added to deposit 3% Pt nanoparticles
as co-catalysts by a photodeposition method. The system was
vacuum-treated several times and bubbled with N, for 30 min
to remove the dissolved air. Artificial visible light (wavelength
range, 380 nm < A < 780 nm) was supplied by a 300 W Xenon
lamp to start the photoreaction. The water bath was used to
maintain the temperature at 25 °C. After reaction for 4 h, the
produced H. was analyzed by gas chromatograph (GC, HP
4890D), which was equipped with FID and TCD detectors
using helium as internal standard.

2.8 Photoelectrochemical properties

Transient photocurrents measurements were conducted in a
three-electrode system, in which the samples were uniformly
coated on a FTO substrate (1.05 cm x1.25 cm), serving as the
working electrodes. Besides, a Pt wire and an Ag/AgCl electrode
served as the count and reference electrodes, respectively.
0.2 M Na;SO. aqueous solution was employed as electrolyte.
The illumination source adopted in photocurrent ON/OFF
cycles was the same with that in photocatalytic H. generation.
Transient photocurrents and EIS Nyquist plots were measured
on the same electrochemical workstation (CHI660E).

3 Results and discussion

The scheme for the synthesis of TiO./TbBd is illustrated in
Scheme 1 (see experimental details in the Electronic Supple-
mentary Material (ESM)). Firstly, the COF hollow spheres of
TbBd was synthesized from Tb and Bd by a solvothermal
route. Afterwards, TbBd was dispersed in EtOH containing a
certain amount of TBT, followed by pumping compressed CO:
into the reactor with a small amount of water (5.52 MPa). The
system was heated to 120 °C and kept for 12 h. The hybrid
material prepared was denoted as TiO./TbBd-1.

The TbBd shows hollow spheres with diameter of 526 + 90 nm
and wall thickness of 68 + 25 nm, as characterized by SEM and
TEM (Figs. 1(a)-1(c) and Fig. S1 in the ESM). For TiO»/TbBd-1,
the hollow sphere structure of TbBd is well kept (Figs. 1(d)-1(f)).
However, the wall thickness of TiO./TbBd-1 doubles appro-
ximately (141 + 22 nm) as compared with that of TbBd. It can
be attributed to both the swelling effect of COF shells by SC
CO:; [26] and the incorporation of TiO, nanoparticles on the
surface of TbBd hollow sphere. From the magnified TEM image
(Fig. 1(f)), it is evident that the TiO, nanoparticles with particle
size of 5.6 = 1.2 nm are uniformly incorporated on the hollow
sphere of TbBd. The high-resolution TEM (HRTEM) image
shows three lattice spacings of 3.51, 2.39 and 1.90 A (Fig. 1(g)),
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Scheme 1 Schematic illustration of the synthesis of TiO»/TbBd hybrid
material and the transformation paths (Ti-N bonds) of photo-excited
electrons during visible-light catalysis.

corresponding to the characteristic lattice planes for (101), (004)
and (200) of anatase TiO», respectively [27]. Energy-dispersive
X-ray (EDX) element mapping images reveal that Ti, O, N
and C elements distribute uniformly on the hollow spheres
of TbBd (Fig. 1(h)), indicating the even distribution of TiO:
nanoparticles on TbBd. The content of TiO; in TiO»/TbBd-1
was determined to be 16.5 wt.% by ICP-AES analysis. For the
XRD pattern of TiO»/TbBd-1 (Fig. 1(i), and Fig. S2 in the ESM),
the intense peak at 3.54° corresponds to the (100) plane of TbBd
[28, 29], which is in good agreement with the featured mesopores
of TbBd (2.6 nm) in diameter [28]. The diffractions at 25.32°,
37.68° and 47.96° correspond to the characteristic lattice planes
of (101), (004) and (200) of anatase TiO,, respectively, which
is consistent with the lattice spacings measured by HRTEM
(Fig. 1(g)). All the diffractions of TiO2/TbBd-1 show good
agreement with the corresponding simulated XRD patterns of
TbBd and anatase TiO», demonstrating the formation of TbBd
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and TiO; hybrid with structural integrity. The TiO,/TbBd-1 has
a Brunauer-Emmett-Teller (BET) surface area of 162.5 m>g™,
which is lower than that of TbBd (638.0 m*g™), as determined
by N adsorption-desorption measurement (Fig. S3 in the ESM).
It is consistent with the loading of TiO: nanoparticles on TbBd,
which can occupy or block the internal pores of TbBd.

For comparison, the control sample TiO./TbBd-2 was
prepared without the addition of SC CO,, while the other
experimental conditions were the same with those for synthesizing
TiO»/TbBd-1. XRD proves the formation of anatase TiO»/TbBd
hybrid material (Fig. 1(i)). TEM images reveal severe aggregation
of TiO: nanoparticles in TiO»/TbBd-2 (Fig. S4 in the ESM). It
indicates that SC CO; plays a critical role in producing the
highly dispersed and uniform TiO. nanoparticles on TbBd.

The interactions between TiO: and TbBd in TiO»/TbBd-1
and TiO,/TbBd-2 were studied by Fourier transform infrared
(FT-IR) spectra. As can be seen from the curve I of Fig. 2(a),
the TiO»/TbBd-1 shows characteristic absorptions resulting from
TiO, and TbBd, indicating the formation of TiO./TbBd-1
composite. For example, the broad absorption ranging from
400 to 850 cm™ corresponds to the bridging stretching mode
of Ti-O-Ti and the stretching vibration of Ti-O, the vibration
absorption of C=N at 1,622 cm™ is characteristic of the
formation of TbBd from the condensation of aldehyde and amine
groups, and the absorptions in the range from 1,450 to 1,600 cm™
correspond to the skeleton vibration of aromatic ring [28].
Remarkably, the Ti-O-Ti stretching peak of TiO,/TbBd-1 is
observed at 601.8 cm™ (Fig. S5 in the ESM), far more higher
than that of pure TiO; (curve III, 563.2 cm™). It can be ascribed
to the formation of O-Ti-N and N-Ti-N bonds [30, 31],
indicating the strong interactions between TiO. and TbBd
in TiO2/TbBd-1. In a contrast, the TiO»/TbBd-2 shows the
absorption at a wavenumber (curve II, 561.3 cm™) similar with
that of TiO, (563.2 cm™), suggesting there exists negligible
interactions between TiO, and TbBd in TiO./TbBd-2. The
results above prove that SC CO: plays a key role in the formation
of O-Ti-N and N-Ti-N bonds during the synthesis process
for TiO»/TbBd heterojunction.
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Figure1 SEM (a) and TEM ((b) and (c)) images of TbBd; SEM (d), TEM ((e) and (f)), HRTEM (g) images and EDX elemental mapping (h) of
TiO2/TbBd-1; XRD patterns (i) of TiO2/TbBd-1 (I), TiO2/TbBd-2 (II), TiO, (III), TbBd (IV) and the simulated XRD pattern of anatase TiO2 (V). Scale
bars: 150 nm in ((a) and (d)), 500 nm in ((b) and (e)), 100 nm in ((c) and (f)), and 3 nm in (g).
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Figure 2 (a) FT-IR spectra of TiO2/TbBd-1 (I), TiO»/TbBd-2 (II), TiO2
(III) and TbBd (IV). (b) XPS spectrum of TiO»/TbBd-1. N 1s (c) and Ti
2p (d) XPS spectra for TiO»/TbBd-1, TiO2/TbBd-2 and TiO.. XANES (e)
and EXAFS (f) spectra of TiO2/TbBd-1, TiO./TbBd-2 and TiO: at Ti
K-edge.

XPS was further employed to investigate the surface
composition and bond state of TiO»/TbBd-1 and TiO./TbBd-2.
The obvious peaks of C, O and Ti can be detected in the wide
XPS scanning spectra of TiO»/TbBd-1 (Fig. 2(b)) and TiO./
TbBd-2 (Fig. S6 in the ESM). Two typical peaks are shown in
fitted N 1s high-resolution XPS spectra of TiO»/TbBd-1 and
TiO./TbBd-2 (Fig. 2(c)), including N=C (401.4 and 401.3 V)
and N-C (399.3 and 398.9 eV) [32]. For TiO,/TbBd-1, the N
Is binding energy of N-C (399.3 eV) is 0.4 eV greater than
that of TiO./TbBd-2 (398.9 eV). This binding energy shift is
due to the formation of specific Ti-N bonds and the improved
Is electron binding energy of N atom in the environment of
O-Ti-N. The Ti 2p high-resolution XPS spectra of TiO»/TbBd-1,
TiO./TbBd-2 and TiO; are shown in Fig. 2(d). In comparison
to TiO: (458.6 V), the Ti 2p binding energy of TiO./TbBd-1
(458.3 eV) exhibits a decrease of 0.3 eV, corresponding to the
formation of Ti-N bonds [30]. As a contrast, the Ti 2p binding
energy of TiO./TbBd-2 (458.5 eV) is similar with that of TiO
(458.6 V), suggesting the maintained structure of TiO.. The
results above give further support for the key role of SC CO.
in assisting the formation of Ti-N bonds in TiO,/TbBd-1.

The local structure of TiO./TbBd-1 was studied by
synchrotron X-ray absorption spectra (XAS), as well as those
of TiO2/TbBd-2 and TiO.. As shown in the Ti K-edge X-ray
absorption near-edge structure (XANES) spectra (Fig. 2(e)), the
absorption edge intensity of TiO»/TbBd-1 decreases obviously
compared with TiO: and TiO./TbBd-2, suggesting the valence
state of Ti in TiO,/TbBd-1 is lower than Ti(IV) [33]. The
Fourier-transformed Ti K-edge extended X-ray absorption
fine-structure (EXAFS) spectra for all samples show two
intense peaks centered near 1.53 and 2.64 A (Fig. 2(f)), which
correspond to the first- and second-shell distances within the
crystalline TiO.. The first peak arises from the first neighbors
of oxygen or nitrogen around Ti, representing the Ti-O or Ti-N
bond length. The second corresponds to Ti:--Ti distances in
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the surrounding central Ti [34]. TiO»/TbBd-1 shows higher R
value (1.53 A) of the first coordination shell compared with
those of TiO./TbBd-2 (1.50 A) and TiO. (1.50 A). It further
proves that there is strong interactions between TiO, and
TbBd in TiO./TbBd-1.

The above results show that SC CO: plays a critical role in
producing the highly dispersed and uniform TiO, nanoparticles
on TbBd. It can be attributed to the low viscosity, zero surface
tension and high penetrability of SC CO. [35, 36], which
facilitate the immobilization and dispersion of the precursor
of TiO» (TBT) on TbBd. Therefore, the highly dispersed,
uniform and small TiO; nanoparticles are formed on TbBd with
the assist of SC CO.. The as-produced small TiO: nanoparticles
have high surface area and oxygen vacancies. The unsaturated
titanium on the surface of TiO: nanoparticle can bond with the
nitrogen on TbBd to form a TiO.-TbBd heterojunction. Such
a TiO,/COF heterojunction with tight connection by SC CO.-
assisted route is expected to exhibit improved optoelectronic
properties for photocatalysis.

The light absorption, utilization and transformation of
TiO./TbBd-1 were determined. As shown in the UV-vis DRS,
TiO2/TbBd-1 well inherits the optical features of both TiO.
and TbBd (Fig. 3(a)). Compared with TiO, the absorption edge
of TiO»/TbBd-1 is largely expanded to visible-light region below
500 nm. Such a greatly enhanced visible-light absorption ability
is favorable for the visible-light photocatalysis [37, 38]. The
corresponding band gaps for TbBd and TiO. were calculated
to be 2.61 and 3.37 eV, respectively (Figs. S7 and S8 in the
ESM). The Mott-Schottky measurements indicate that the flat
band position (Vi) of TbBd and TiO, are —0.75 and —0.50 V
vs. normal hydrogen electrode (NHE) (Fig. 3(b) and Fig. S9 in
the ESM), respectively. Combined with the band gaps calculated
above, the valence band (VB) positions of TbBd and TiO;
are +1.86 and +2.87 V vs. NHE. These results show that the
TiO»/TbBd-1 belongs to type II heterojunction [39].

The photocatalytic performance of TiO,/TbBd-1 for water
splitting was investigated with artificial visible-light irradiation
(see experimental details in the ESM). A typical time course
of H: evolution as catalyzed by TiO./TbBd-1 is shown in
Fig. 4(a). For comparison, the photocatalytic performances of
TiO./TbBd-2 and TiO: for water splitting were also determined.
The H» production of TiO»/TbBd-1 exhibits a total amount of
81 pmol H: at reaction time of 12 h, much higher than that of
TiO2/TbBd-2 (20 umol) and TiO: (16 pmol). Under the same
reaction conditions, no H, was detected without either irradiation
or photocatalyst, which indicate that the generation of H, is
from the photocatalytic system. Moreover, no photocatalytic
activity was detected by pure TbBd. Thus, the evolution efficiency
of H. is presented by turn over frequency (TOF, pmol-g™-h™")
based on the content of TiO.. The TOF values of the three
catalysts are shown in Fig. 4(b). TiO./TbBd-1 displays a
photocatalytic H. evolution rate of 3,962 pumol-g"h™, nearly
25 and 4.5 times higher than those of TiO, (154 umol-g™"-h™")
and TiO»/TbBd-2 (710 pmol-g™h™), respectively. As compared
with the reported TiO.-based catalysts, TiO./TbBd-1 is among
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Figure 3 (a) UV-vis DRS spectra of TiO2/TbBd-1, TiO2/TbBd-2, TiO:
and TbBd. (b) Mott-Schottky plots and band energy (inset) for TbBd.
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Figure4 Time course of H: evolution (a) and TOF values (b) of
TiO2/TbBd-1 (red), TiO2/TbBd-2 (blue) and TiO (black) varied with
reaction time. (c) XRD pattern of TiO./TbBd-1 after 12 h photocatalysis
(I) and the simulated XRD pattern of anatase TiO: (II). (d) TEM image of
TiO2/TbBd-1 after 12 h photocatalysis. Scale bar: 500 nm. Reaction
conditions: 10 mg catalyst, 9 mL H>O, 1 mL TEOA, simulated visible light
(380 nm < A <780 nm) irradiation with a 300 W xenon lamp.

the best for photocatalytic H, production (Table S1 in the
ESM). There is no decrease tendency of the photocatalytic
activity with prolonged reaction time, indicating the stability
of TiO2/TbBd-1. The TiO./TbBd-1 well keeps the crystallinity
and morphology after photocatalytic H. production for 12 h
(Figs. 4(c) and 4(d)).

The results above reveal that the TiO,/TbBd-1 prepared with
the assistance of SC CO: exhibits extremely high photocatalytic
activity for H» production. The underlying mechanism was
studied. Electrochemical impedance spectroscopy (EIS) mea-
surement was conducted to explore the internal resistance
in the charge transfer process of the samples (Fig. 5(a)). TiO./
TbBd-1 displays the smallest semicircular diameter of Nyquist
curves compared with TiO./TbBd-2, TiO. and TbBd,
demonstrating the smallest interfacial resistance of charge
transfer [40]. The photocurrent density of TiO./TbBd-1 is
about 2 times higher than that of TiO,/TbBd-2 (Fig. 5(b)). It
further indicates the better separation of photogenerated charges
of TiO»/TbBd-1. The enhanced charge-separation efficiency
is confirmed by photoluminescence (PL) emission spectra
(Fig. 5(c)) [25]. The PL intensity of TiO»/TbBd-1 is significantly
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Figure 5 (a) EIS Nyquist plots. (b) Transient photocurrents measurements.
(c) PL spectra with the excitation wavelength of 240 nm for TiO»/TbBd-1
(red), TiO2/TbBd-2 (black), TiO2 (blue) and TbBd (green). (d) Schematic
illustration for the charge transfer and separation in the SC CO»-assisted
TiO»/TbBd hybrid material under visible-light irradiation.
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quenched in comparison with that of the parent TbBd and
TiOs. In contrast, TiO»/TbBd-2 shows a moderate intensity
between TbBd and TiO.. The more quenched PL intensity of
TiO2/TbBd-1 compared with TiO./TbBd-2 suggests that the
separation efficiency of photogenerated charges is effectively
improved by the construction of heterojunction with the
assistance of SC CO..

Based on the above results, a schematic illustration of
the transfer and separation of photogenerated charges in
TiO./TbBd-1 is proposed (Fig. 5(d)). The conduction band
(CB) levels are co-related with photocatalytic efficiencies
stated above. TbBd with excellent visible-light absorbance
serves as solar energy absorber. As excited by visible light, the
photogenerated electrons migrate from VB to CB, and further
transfer to the CB of TiO: through Ti-N bonds, which serve as
the transformation paths of photo-excited electrons in TiO,/
TbBd heterojunction. The separated electrons in CB of TiO:
participate in the reduction of H*, and the holes left in VB
of TbBd are reduced by sacrifice agent. The separation of
photogenerated electrons and holes can efficiently prolong the
lifetime of charge carriers and hinder the charge recombination,
thus promoting the solar energy conversion [41, 42].

4 Conclusion

In conclusion, we propose the SC CO:-assisted construction
of TiO»/COF heterojunction, which successfully narrows the
band gap of the hybrid material and thus accelerates the
transformation of photoelectrons from COF to TiO.. The Ha
evolution is highly improved, ~ 25 times higher than that of
pure TiO; and 4.5 folds higher than that of TiO»/COF made
from the conventional solvothermal method. This work opens
up a new route for constructing TiO»/COF heterojunctions by
supercritical fluid, through which the transformation paths for
photo-induced charge can be successfully bridged for highly
improved H, evolution. We anticipate that more heterojunctions
with different compositions and properties can be fabricated
by this method in future for highly efficient solar energy
utilization.
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