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ABSTRACT: Water pollution caused by antibiotics is a growing problem. Semiconductor photocatalysis is an environmentally
friendly technology that can effectively degrade organic pollutants in water. Therefore, the development of efficient photocatalysts is
of great significance to solve the environmental pollution problem. In this paper, mixed-phase TiO2 and 1T/2H-MoS2 composite
(1T/2H-MoS2/TiO2) were synthesized by the in situ growth method. The prepared compounds were characterized and applied to
the visible-light degradation of tetracycline hydrochloride. The photocatalytic effect of 1T/2H-MoS2/TiO2 on tetracycline
hydrochloride is significantly enhanced under visible light and has good stability. It has potential applications in the treatment of
organic pollutants in water.

1. INTRODUCTION
In modern society, water pollution due to heavy metals and
organic pollutants has become more serious. Nowadays,
antibiotics are abused by humans and continuously discharged
into the surface water or groundwater environment, causing a
series of water pollution problems.1−3 Semiconductor photo-
catalysis is a green and efficient technology for treating
antibiotic contaminants in water by converting solar energy
into chemical energy and mineralizing organic matter without
creating secondary pollution.4 The core of photocatalysis
technology is the development of superior-performance
photocatalysts. Titanium dioxide (TiO2) is one of the most
researched photocatalyst materials.5,6 Many phases of TiO2
have been widely applied and extensively researched, such as
commercial TiO2 P25 and rutile TiO2.

7 TiO2 catalysts with
anatase phase suffer from low utilization of sunlight and low
carrier separation efficiency, limiting their industrial applica-
tions.8 Compared with anatase TiO2, the unique crystal phase
configuration of mixed-phase TiO2 improves the separation
efficiency of photogenerated carrier and thus has better
photocatalytic activity.9

Constructing heterojunction is an effective method to
broaden the absorption spectrum and improve the carrier
separation efficiency. The materials currently used to construct

heterojunctions with TiO2 can be broadly classified into two
main categories: noble metals and semiconductor oxides.10

Modification of TiO2 with noble metals can largely facilitate
carrier separation while broadening its photoresponse range
and improving its sensitivity to visible radiation. However, the
high cost of using precious metals to modify TiO2 has limited
its large-scale application in the industry. Therefore, the search
for materials that can replace noble metals is an urgent issue to
be addressed. Molybdenum disulfide (MoS2) is a new type of
semiconductor photocatalyst that has received widespread
attention for its unique structure and excellent photovoltaic
properties.11 MoS2 has a two-dimensional layer-like structure
similar to graphene, with a single layer consisting of two layers
of S atoms and a layer of Mo atoms sandwiched in between.12

MoS2 has two common crystal structures, namely, 2H-MoS2
and 1T-MoS2, among which 2H-MoS2 is a relatively stable
semiconductor phase molybdenum disulfide existing in nature,
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with two layers of a unit cell and a hexagonal crystal structure;
1T-MoS2 is an artificially produced metallic phase molybde-
num disulfide with only one layer of a unit cell and a tetragonal
crystal structure.13−15 Compared with 2H-MoS2, 1T-MoS2 has
more active sites and higher electronic conductivity.16 Bai et al.
reported a hybridized 1T-2H-MoS2/TiO2 photocatalyst,
showing that hybridized 1T-2H-MoS2 provided a more
efficient charge separation than a semiconducting 2H-
MoS2.

17 Also, it is indicated that 1T-MoS2 has higher activity
than noble metal Pt and is a promising cocatalyst to replace the
noble metal.18 Molybdenum disulfide (1T/2H-MoS2), which
coexists in a metal phase and a semiconductor phase, has two
phase structures at the same time. It not only has good activity
and charge transport performance of the metal phase but also
has the stability of the semiconductor phase. It is an ideal
cocatalyst material.19

In this work, mixed-phase TiO2 was obtained by the sol−gel
method, followed by the 1T/2H-MoS2/TiO2 composite
prepared by the in situ growth method. The photocatalytic
performance of the as-prepared 1T/2H-MoS2/TiO2 photo-
catalyst for the degradation of organic pollutants under visible
light was evaluated. The results show that the 1T/2H-MoS2/
TiO2 photocatalyst exhibits excellent photocatalytic activity.
Also, its structure, properties, cyclic stability, and degradation
mechanism were deeply explored.

2. EXPERIMENT
2.1. Materials. All of the reagents were used directly after

being purchased. Anhydrous ethanol (C2H6O), Pluronic F127,
tetrabutyl titanate (C16H36O4Ti), molybdenum trioxide
(MoO3) were obtained from Shanghai Macklin Biochemical
Technology Co. Ltd. (Shanghai, China). Thioacetamide
(C2H5NS), urea (H2NCONH2), and tetracycline hydro-
chloride (C22H24N2O8·HCl, TC-HCl) were obtained from
Shanghai Aladdin Biochemical Technology Co. Ltd. (Shang-
hai, China).

2.2. Preparation. Preparation of TiO2 Microspheres. Add
1.5 g of Pluronic F127 into 35 mL of absolute ethanol, add 100
μL of deionized water at the same time, stir the mixture
magnetically for 30 min, then add 3.4 mL of TBOT, and
continue magnetic stirring for 12 h. The stirred product was
centrifuged and washed twice with absolute ethanol. The
washed solid matter was dried in a vacuum oven at 60 °C for 2
h. Then, the dried solid matter was placed in a muffle furnace
and calcined at 500 °C for 2 h to obtain a white mixed-phase
TiO2 sample.
Preparation of 1T/2H-MoS2 Particles.20 Molybdenum

trioxide (MoO3, 0.096 g), 0.112 g of thioacetamide (TAA),
involved in the synthesis of 1T/2H-MoS2 samples as a
reactant, and 0.96 g urea were dissolved in 80 mL of deionized
water and magnetically stirred for 2 h to form a uniform 1T/
2H-MoS2 precursor solution. Then, the above solution was
mixed and transferred to the reaction kettle, placed in a blast
drying oven, reaction at 200 °C for 12 h. After the reaction was
completed, the solid product was collected, washed three times
with deionized water and anhydrous ethanol, and then placed
in a vacuum drying oven at 60 °C for 12 h to obtain 1T/2H-
MoS2 samples.
Preparation of 1T/2H-MoS2/TiO2. Taking 1T/2H-MoS2/

TiO2-3wt % as an example, 6 mg of MoO3, 7 mg of TAA, and
0.06 g of urea were dissolved in 10 mL of deionized water and
magnetically stirred for 1 h to form a uniform 1T/2H-MoS2
precursor solution. Then, 0.222 g of TiO2 and 30 mL of

deionized water were added to the 1T/2H-MoS2 precursor
solution. The mixture was continued to be magnetically stirred
for 1 h to form a uniform suspension. The above suspension
was transferred to an autoclave and placed in a blast drying
oven at 200 °C for 12 h. After the reaction was complete, the
products after the reaction were collected and washed three
times by centrifugation with deionized water and anhydrous
ethanol. By changing the amount of TiO2 added or by the ratio
of 1T/2H-MoS2 precursor solution, 1T/2H-MoS2/TiO2
samples with different mass ratios can be obtained. After
drying for 12 h in a vacuum oven at 60 °C, the 1T/2H-MoS2/
TiO2 samples can be obtained.

2.3. Characterization. XRD (X-ray diffractometer) data
were obtained from SmartLab (Rigaku) using Cu Kα line with
step size 0.02°. XPS (X-ray photoelectron spectroscopy) was
carried out on an ESCALAB 250Xi spectrometer (Thermo
Scientific) using Al Kα X-ray (hν=1486.65 eV) as a source.
FESEM (field emission scanning electron microscopy) was
conducted on GeminiSEM (ZEISS, Germany). HRTEM
(high-resolution transmission electron microscopy) images
were observed by transmission electron microscopy (JEM
2100F) using ultrathin carbon film copper mesh at a 200 kV
acceleration voltage. UV−vis DRS (ultraviolet−visible diffuse
reflectance spectra) were obtained on a UV-3600Plus UV−vis
spectrophotometer equipped with an integrating sphere
attachment in the range of 200−800 nm.

2.4. Photoelectrochemical Measurements. Electro-
chemical tests were operated at the CHI660E electrochemical
workstation. By using a standard three-electrode cell with a
platinum wire as the counter electrode, a standard calomel
electrode (SCE) as the reference electrode, and 30 mg of
prepared TiO2, 1T/2H-MoS2 and 1T/2H-MoS2/TiO2 were
separately dissolved in 3 mL of poly(vinylidene fluoride)
(PVDF) solution and coated on the FTO conducting glass (1
cm × 2 cm) by spin coating to form the working electrode,
respectively. Forty milliliters of Na2SO4 (0.5 M) was used as an
electrolyte and a 300 W Xe lamp assembled with a cutoff filter
(λ > 420 nm) was used as the light source.

2.5. Photocatalytic Performance. The photocatalytic
activities of the prepared 1T/2H-MoS2/TiO2 were evaluated
by the degradation of antibiotic (tetracycline hydrochloride,
TC-HCl) in water. The photocatalytic analysis was operated at
a constant temperature by a circulating cooling system. The
prepared 1T/2H-MoS2/TiO2 was immersed in 100 mL of 20.0
mg/L TC-HCl solution. Before the light irradiation, the
solution with the photocatalyst was magnetically stirred in
darkness for 1 h to establish adsorption equilibrium. During
the light irradiation, 5.0 mL of the solution was taken out every
10 min and centrifuged to separate the solid. The
concentration of TC-HCl was investigated at its maximum
adsorption of 356 nm on the UV 2600 spectrophotometer.

3. RESULTS AND DISCUSSION
The XRD diffractograms of 1T/2H-MoS2, TiO2, and 1T/2H-
MoS2/TiO2 are shown in Figure 1. The black curve is the XRD
diffractogram of the rutile-anatase mixed-phase TiO2 with two
distinct diffraction peaks at 25.3 and 27.4°. Upon comparison
with the standard PDF cards (JCPDS: 71-1166, JCPDS: 76-
1939), it can be seen that the two diffraction peaks correspond
to the (1 0 1) crystal plane of anatase TiO2 and the small peak
near 11° can be attributed to TiO. The red curve in the figure
shows the XRD diffraction pattern of 1T/2H-MoS2 with a
similar peak shape to that of 2H-MoS2. A comparison with the

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c00730
ACS Omega 2023, 8, 15458−15466

15459

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c00730?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


PDF card of 2H-MoS2 (JCPDS: 73-1508) shows that 2H-
MoS2 has a diffraction peak near 14.3°, corresponding to the
(0 0 2) crystal plane, whereas 1T/2H-MoS2 has a diffraction
peak at 9.8° corresponding to the (0 0 2) crystal plane, which,
according to the previous literature, is the characteristic peak of
1T-MoS2.

21 The change in the peak position may be due to the
dominance of the octahedral structure of the 1T phase. The
XRD diffraction pattern of 1T/2H-MoS2/TiO2-3wt % shows
the characteristic peaks of both phases of TiO2, proving that
the preparation of the composite does not destroy the
formation of the TiO2 phase. Some spurious peaks can be
observed near 28°, which were found to originate from
incomplete MoO3 upon comparison with the standard PDF
card. The 1T/2H-MoS2/TiO2-3wt % XRD diffraction pattern
did not show obvious peaks of 1T/2H-MoS2. With increasing
the proportion of 1T/2H-MoS2 in the composite, a clear peak
of 1T/2H-MoS2 was observed in the 1T/2H-MoS2/TiO2 1:1
XRD diffractograms, which demonstrates the successful
preparation of the 1T/2H-MoS2/TiO2 composite photo-
catalyst.

The phase formation of the sample was further determined
by Raman spectroscopy. As shown in Figure 2, another six
obvious peaks appeared at 151, 195, 285, 335, and 376 cm−1 in
the Raman image of 1T/2H-MoS2. The peaks at 151, 195, 285,
and 335 cm−1 correspond to 1T-MoS2 and can be attributed to
the Mo−Mo stretching vibrations and phonon modes in 1T-

MoS2. The peak located at 376 cm−1, on the other hand, is
caused by 2 S atoms vibrating in opposite directions with
respect to the Mo atom and belongs to the typical E2g

1

vibrational mode of 2H-MoS2, which is consistent with the
relevant findings of previous studies on 1T-MoS2 and 2H-
MoS2, thus allowing further determination of the successful
preparation of 1T/2H-MoS2.

22 In the Raman diagram of TiO2,
two peaks at 142 and 395 cm−1 correspond to the
characteristic peaks of the Eg and B1g vibrational modes,
respectively.23 1T/2H-MoS2/TiO2-10wt % shows a new peak
at 401 cm−1, which can be attributed to the Ag

1 vibrational
mode of 2H-MoS2, and another peak at 147, 283, 335, and 376
cm−1 can be observed as characteristic peaks belonging to each
of TiO2 and 1T/2H-MoS2, with a small displacement between
the peak positions and those of the single sample. On the one
hand, it can be shown that TiO2 and 1T/2H-MoS2 coexist in
the composite material, and their structures are not destroyed
by the hydrothermal process. On the other hand, TiO2 has
valence bond interaction with 1T/2H-MoS2. On the other
hand, it can be explained that there is a valence bond
interaction between TiO2 and 1T/2H-MoS2.

Figure 3a−c shows the SEM images of TiO2, 1T/2H-MoS2,
and 1T/2H-MoS2/TiO2, from which the morphology of the
three samples can be observed. The elemental distribution of
1T/2H-MoS2/TiO2 is shown in Figure 3d−i, which shows that
Mo, S, Ti, and O elements are evenly distributed on the surface
of 1T/2H-MoS2/TiO2. The surface is more evenly distributed.
The microstructures of TiO2, 1T/2H-MoS2, and 1T/2H-
MoS2/TiO2 were further observed by TEM. Figure 4a shows
the high-resolution TEM image of TiO2, in which two sets of
lattice stripes at 0.35 nm and 0.32 nm can be observed,
corresponding to the (1 0 1) crystallographic plane of the
anatase phase and the (1 1 0) crystallographic plane of the
rutile phase,24,25 further demonstrating the successful prepara-
tion of the mixed-phase TiO2. Figure 4b,c shows the high-
resolution TEM images of 1T/2H-MoS2, in which lattice
stripes of 0.92 nm and 0.62 nm can be observed,
corresponding to the (0 0 2) crystal plane of 1T-MoS2 and
the (0 0 2) crystal plane of 2H-MoS2, further confirming the
coexistence of the 1T phase with the 2H phase. Figure 4d,e
shows the high-resolution TEM images of 1T/2H-MoS2/TiO2,
where, in addition to the lattice stripes mentioned above, a
lattice stripe of 0.297 nm can be observed, corresponding to
the (1 0 0) crystallographic plane of 2H-MoS2.

Figure 5a shows the full XPS spectrum of 1T/2H-MoS2/
TiO2, from which it can be observed that the sample contains
four elements, Mo, S, Ti, and O, which are consistent with the
theoretical elements used to design the experiment. Figure 5b
shows the fine spectrum of Ti 2p, from which two distinct
characteristic peaks can be observed at 458.7 and 464.4 eV,
corresponding to Ti 2p3/2 and Ti 2p1/2, attributed to Ti4+.26,27

Figure 5c shows the fine spectrum of O 1s. The characteristic
peaks located at 530.2 and 532.0 eV correspond to O−Ti and
O−H bonds,28 thus demonstrating the presence of TiO2 in the
composite photocatalyst. Figure 5d shows the fine spectrum of
Mo 3d. The two peaks located at 228.7 and 232.1 eV
correspond to the Mo 3d5/2 and Mo 3d3/2 orbitals and are
attributed to Mo4+ in 1T-MoS2. The peaks located at 229.5
and 233.1 eV correspond to Mo4+ in 2H-MoS2 and are about 1
eV higher than the binding energy of 1T-MoS2.

19 The
presence of a peak belonging to Mo6+ located at 236 eV may
be due to the incomplete reaction of MoO3 or incomplete
removal during washing, which is consistent with the XRD

Figure 1. XRD plots of TiO2, 1T/2H-MoS2, and different ratios of
1T/2H-MoS2/TiO2, with circles representing the anatase phase and
diamonds representing the rutile phase.

Figure 2. Raman spectra of TiO2, 1T/2H-MoS2, and 1T/2H-MoS2/
TiO2-10wt %.
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results. Figure 5e shows the fine pattern of S 2p, with two
peaks at 161.4 and 162.8 eV corresponding to the S 2p3/2 and
S 2p1/2 orbitals of 1T-MoS2. The peaks at 161.9 and 163.2 eV
correspond to the S 2p3/2 and S 2p1/2 orbitals of 2H-MoS2,
both of which can be attributed to S2−. All these results further
demonstrate the successful preparation of T/2H-MoS2/TiO2,
and the original crystalline structures of TiO2 and 1T/2H-
MoS2 were not affected.

The photoresponse range of the catalyst is one of the
important factors affecting the photocatalytic effect. Figure 6a
shows the UV−vis absorption spectra of TiO2, 1T/2H-MoS2,
and 1T/2H-MoS2/TiO2. It can be seen from the figure that
TiO2 mainly absorbs light less than 400 nm. 1T/2H-MoS2 has
almost no absorption edge because of the presence of the 1T

phase, which has metal-like properties. The 1T/2H-MoS2/
TiO2 composite photocatalyst has a similar absorption spectral
trend to TiO2, but with an increase in intensity in the range
greater than 400 nm. The forbidden bandwidths of 1T/2H-
MoS2, TiO2, and 1T/2H-MoS2/TiO2 are obtained from the
Tauc formula and are shown in Figure 6b. The forbidden
bandwidths were 3.22 eV for TiO2, 1.33 eV for 1T/2H-MoS2,
3.18 eV for 1T/2H-MoS2/TiO2-3wt %, and 3.11 eV for 1T/
2H-MoS2/TiO2-10wt %, indicating that the forbidden
bandwidth of the composites formed by 1T/2H-MoS2 and
TiO2 became narrower than that of TiO2, and the narrower
forbidden bandwidth made the catalysts easier to be excited,
resulting in a better photocatalytic effect.

Figure 3. (a−c) SEM images of TiO2, 1T/2H-MoS2, and 1T/2H-MoS2/TiO2. (d−i) EDS elemental distribution of Mo, S, Ti, and O for 1T/2H-
MoS2/TiO2.

Figure 4. (a) High-resolution TEM image of TiO2. (b, c) High-resolution TEM images of 1T/2H-MoS2. (d, e) High-resolution TEM images of
1T/2H-MoS2/TiO2.
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The degradation ability of the prepared photocatalysts was
examined using TC-HCl as the target pollutant. Figure 7a
shows the graphs of the degradation of TC-HCl under the
same conditions for TiO2, 1T/2H-MoS2, and different ratios of
1T/2H-MoS2/TiO2. The degradation effect of 1T/2H-MoS2/
TiO2 was the worst, with only 2% degradation after 1 h of
visible-light irradiation, which was almost negligible, and TiO2
degraded about 20.9% of TC-HCl after 1 h. The degradation
effect of any ratio of 1T/2H-MoS2/TiO2 composite photo-
catalyst was better than that of the single 1T/2H-MoS2 and
TiO2, and the degradation effect was related to the mass ratio

of 1T/2H-MoS2 and TiO2, and the degradation efficiency
showed an increasing and then decreasing trend with the
increasing loading of 1T/2H-MoS2, which might be due to the
fact that excessive loading of 1T/2H-MoS2 would instead
cover the active sites on the photocatalyst surface and affect
the photocatalytic degradation effect. The degradation of TC-
HCl by all the photocatalysts was in accordance with the first-
order kinetic equation. Figure 7b shows the first-order kinetic
fitting curves of 1T/2H-MoS2, TiO2, and 1T/2H-MoS2/TiO2-
3wt % with rate constants of 2.41 × 10−4, 1.71 × 10−3, and
7.02 × 10−3, respectively, and the reaction rates of 1T/2H-

Figure 5. (a) XPS full spectrum of 1T/2H-MoS2/TiO2. XPS fine spectra of (b) Ti 2p, (c) O 1s, (d) Mo 3d, and (e) S 2p of 1T/2H-MoS2/TiO2.

Figure 6. (a) UV−vis absorption spectra of TiO2, 1T/2H-MoS2, 1T/2H-MoS2/TiO2-3wt %, and 1T/2H-MoS2/TiO2-10wt %. (b) Forbidden
bandwidths of TiO2, 1T/2H-MoS2, 1T/2H-MoS2/TiO2-3wt %, and 1T/2H-MoS2/TiO2-10wt %.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c00730
ACS Omega 2023, 8, 15458−15466

15462

https://pubs.acs.org/doi/10.1021/acsomega.3c00730?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00730?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00730?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00730?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00730?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00730?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00730?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c00730?fig=fig6&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c00730?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


MoS2/TiO2-3wt % were 29 and 4 times higher than those of
1T/2H-MoS2 and TiO2, respectively.

HPLC was used to monitor whether the byproducts or
intermediates were formed during the photocatalytic degrada-
tion of 1T/2H-MoS2/TiO2. The test results are shown in
Figure 8, which shows that the peak of TC-HCl gradually

decreased with the reaction time, proving that TC-HCl was
gradually mineralized. In addition, no other peaks appeared
during the reaction, proving that no byproducts or
intermediates were generated during the degradation of TC-
HCl.

The cycling stability of a photocatalyst is one of the most
important indicators of its performance. Fifty milligrams of
1T/2H-MoS2/TiO2-3wt % was subjected to five cycles of
stability experiments, and the experimental results are shown in
Figure 9. The degradation effect of 1T/2H-MoS2/TiO2-3wt %
could reach 68.1% at the end of the first cycle, and the
degradation effect could still be maintained at 66.0% after the
second cycle, which is not a great change. However, the
degradation effect after the third cycle was 53.5%, which was a
big change compared with the results of the first two cycles. It
can also be seen from the graph that the degradation effect
gradually stabilized from the third cycle to the fifth cycle, and
the degradation effect was maintained at 43.0% after the fifth
cycle. The significant decrease in the degradation rate in the
third cycle may be due to the loss of catalyst in the process of
this cycle.

To examine the charge transfer capability of 1T/2H-MoS2/
TiO2, a photocurrent test was carried out. Figure 10a shows
the transient photocurrent test curves of 1T/2H-MoS2, TiO2,
and 1T/2H-MoS2/TiO2, in which it can be seen that the
response intensity of 1T/2H-MoS2/TiO2 to visible light is
significantly greater than that of 1T/2H-MoS2 and TiO2, and
the enhanced photocurrent response can be attributed to the
good charge transfer capability of 1T/2H-MoS2 and the
enhanced charge separation efficiency of the heterojunction.
The enhanced photocurrent response can be attributed to the
good charge transport ability of 1T/2H-MoS2 and the
enhanced charge separation efficiency of the heterojunction,
which may also be one of the reasons for the better
photocatalytic activity of 1T/2H-MoS2/TiO2. Figure 10b
shows the impedance plots of 1T/2H-MoS2, TiO2, and 1T/
2H-MoS2/TiO2, in which it can be seen that the EIS arc radius
of 1T/2H-MoS2 is smaller than the EIS arc radius of TiO2,
indicating that the resistance of the 1T/2H-MoS2/TiO2
composite is significantly reduced compared to that of TiO2.
And the smaller resistance is beneficial to the charge transfer.

The active substance of 1T/2H-MoS2/TiO2 in photo-
catalytic reactions was investigated by capture experiments.
TBA, EDTA, and BQ were added to the aqueous TC-HCl
solution to capture the −OH, h+, and −O2

− produced during
the photocatalytic process, respectively. From Figure 11a, it
can be seen that EDTA and BQ have a greater effect on the
photocatalytic degradation effect, while TBA has basically no
effect on the photocatalytic degradation effect, which proves

Figure 7. (a) TiO2, 1T/2H-MoS2, and different ratios of the 1T/2H-MoS2/TiO2-catalyzed degradation of TC-HCl under visible-light curves. (b)
First-order kinetic fitting curves of TiO2, 1T/2H-MoS2, and 1T/2H-MoS2/TiO2-3wt %.

Figure 8. HPLC of the 1T/2H-MoS2/TiO2-3wt % degradation of
TC-HCl.

Figure 9. Cycling stability test of the 1T/2H-MoS2/TiO2-3wt %
degradation of tetracycline hydrochloride.
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that h+ and −O2
− are the main active substances in the

degradation of TC-HCl by 1T/2H-MoS2/TiO2.
In order to determine the conduction band and valence

band positions of 1T/2H-MoS2 and TiO2, the valence band
spectra of both were obtained by XPS test, as shown in Figure
11b, and the valence band positions of both were 0.58 and 2.4
eV, respectively. Combining the above data, the photocatalytic
mechanism of 1T/2H-MoS2/TiO2 was finally obtained, as
shown in Figure 11c. Under solar light irradiations, TiO2
mesoporous beads absorb the UV light, making electrons
excite from their valence band (VB) to their conduction band

(CB). Hybridized 1T/2H-MoS2 absorbs light in the visible
region, promoting electrons from their VB to their CB. The
light absorption of both materials therefore generates
electron−hole pairs.29 When 1T/2H-MoS2 and TiO2 are
excited by light irradiation, e− jumps from the valence band to
the conduction band, generating photogenerated electrons
while leaving photogenerated h+ in the valence band. Since the
conduction band and the valence band of 1T/2H-MoS2 are
located between the conduction band and the valence band of
TiO2, they form a typical type I heterojunction. e− and h+ in
the conduction band and valence band of TiO2 are transferred

Figure 10. (a) Transient photocurrent response test curves for TiO2, 1T/2H-MoS2, and 1T/2H-MoS2/TiO2-3wt %. (b) Impedance of TiO2, 1T/
2H-MoS2, and 1T/2H-MoS2/TiO2-3wt %.

Figure 11. (a) Capture experiment of 1T/2H-MoS2/TiO2-3wt %. (b) XPS valence band spectra of 1T/2H-MoS2 and TiO2. (c) Photocatalytic
mechanism diagram of 1T/2H-MoS2/TiO2-3wt %.
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to the conduction band and valence band of 1T/2H-MoS2,
respectively. Therefore, the reduction reaction will first occur
in the conduction band of 1T/2H-MoS2. e− will reduce O2 to
−O2

− and −O2
− will continue to react with TC-HCl to

mineralize it. 1T/2H-MoS2 does not meet the conditions for
the formation of −OH in the valence band, so h+ will. This
conclusion is also supported by the capture experiment.

4. CONCLUSIONS
In summary, anatase-rutile mixed-phase TiO2 was prepared in
this paper, and then 1T/2H-MoS2/TiO2 composite photo-
catalyst was prepared with 1T/2H-MoS2, which is expected to
replace noble metals. Compared with TiO2 and 1T/2H-MoS2,
the 1T/2H-MoS2/TiO2 composite has better photocurrent
response efficiency and electron−hole separation efficiency.
1T/2H-MoS2/TiO2 exhibits better photocatalytic performance
and better stability in the visible-light degradation of TC-HCl,
which may has a good application prospect in the treatment of
organic pollutants in water.
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