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Molybdenum disulfide (MoS2) has attracted increasing attention as a promising photocatalyst. In addition to

its application in photocatalytic hydrogen production and pollutant degradation, MoS2 is also used in water

disinfection. However, its poor disinfection performance limits its practical utility. Herein, we prepared

a symbiotic composite composed of MoS2 and pelagic clay (MoS2/PC) as a photocatalyst for water

disinfection. The composite achieved a high disinfection rate of 99.95% to Escherichia coli (E. coli) under

visible light illumination, which is significantly higher than that of bulk MoS2 (61.87%). Characterization

shows that abundant hydroxyl groups in illite/montmorillonite (I/M) formed during hydrothermal

synthesis of MoS2, which contributed to the enhanced disinfection activity. Those hydroxyl groups can

attract photogenerated holes through electrostatic attraction, and facilitate the separation of

photogenerated charge carriers, thereby enhancing the disinfection activity. Moreover, the good

hydrophilicity of pelagic clay improves the dispersity of MoS2 in water, which is beneficial for its utility in

aqueous solutions. In addition, the symbiotic structure restricts the growth and aggregation of MoS2
nanosheets and shortens the diffusion distance of charge carriers to the material surface, further

reducing the recombination of electrons and holes. This study provides a way to improve the

disinfection activity of MoS2 and also sheds light on high value-added utilization of pelagic clay.
Introduction

At present, water pollution remains common around the world.
In particular, bacteria in water has an adverse effect on
ecosystems and human health.1,2 Photocatalysts have received
extensive attention in disinfection applications due to their
environmentally friendly characteristics.3–6 Photocatalysts can
harvest light energy to generate electron–hole pairs, which can
further react with the oxygen and hydroxyl groups adsorbed on
the material surface to form reactive oxygen species (ROS) and
further inactivate bacteria.7,8 As a new type of photocatalyst,
MoS2 has received increasing attention in virtue of its narrow
bandgap and layered structure.2,9–11 As compared to the
bandgap of titanium dioxide (3.0–3.2 eV), the bandgap of MoS2
is only 1.3–1.9 eV, thus allowing it to take full advantage of
visible light.3,4

However, previous reports have indicated that bulk MoS2 is
of relatively low disinfection efficiency.12,13 High recombination
rate of the photogenerated electrons and holes makes it difficult
to generate ROS and further limits antibacterial activity. The
large size of bulk MoS2 nanosheets with long diffusion distance
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also inhibits the separation of photogenerated electron–hole
pairs. Additionally, MoS2 is hydrophobic and cannot be
uniformly dispersed in water, which greatly limits its photo-
catalytic application in aqueous solutions. The strategies used
to enhance the antibacterial performance of MoS2 mainly
include promoting the separation of photogenerated carriers
and improving the hydrophilicity. Preparation of single-layer or
few-layer MoS2 nanosheets,12,14,15 doping metals,16–19 and con-
structing heterostructures13 have been demonstrated to be
efficient in promoting the separation of photogenerated elec-
tron–hole pairs. Some of these methods can also decrease the
lateral size and thickness of MoS2 nanosheets and thus shorten
the distance for electrons and holes to diffuse to the material
surface. In terms of hydrophilicity improvement, previous
studies have succeeded by combining MoS2 with hydrophilic
materials.20,21 Although great progress has been made, the
existing disinfection performance of MoS2 is still insufficient for
practical application. Therefore, it is highly desirable to prepare
MoS2 with high antibacterial activity for aqueous solutions.

Herein, we prepared a composite photocatalyst with
a symbiotic structure by combining MoS2 and pelagic clay
through hydrothermal reaction. Pelagic clay is a rich natural
marine resource with a volume of about 107 km3.22–25 Therefore,
it is meaningful to apply pelagic clay for high value-added
utilization. Moreover, pristine pelagic clay is of low crystalliza-
tion, high structural activity, and high hydrophilicity.26 The
RSC Adv., 2021, 11, 9621–9627 | 9621
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combination of pelagic clay with MoS2 is benecial for the
improvement in disinfection efficiency. First of all, hydro-
thermal reaction can promote the crystallization of pelagic clay
and further increase the number of hydroxyl groups in the
structure. More hydroxyl groups can attract more photo-
generated holes by electrostatic interaction, thereby reducing
the recombination rate of the photogenerated carriers. Addi-
tionally, the symbiotic feature can inhibit the growth of MoS2
nanosheets, and thus decrease the distance for photogenerated
carriers to diffuse to materials surface. Furthermore, the good
hydrophilicity of pelagic clay is benecial for the application of
the composite in aqueous systems. As expected, the MoS2/
pelagic clay composite achieved signicantly enhanced disin-
fection efficiency under visible light illumination.
Experimental
Catalyst preparation

Pelagic clay was obtained from the Indian Ocean. In a typical
preparation process, 3 g pelagic clay and 0.35 g hexadecyl tri-
methyl ammonium bromide (CTAB) were mixed into deionized
water and stirred for 24 h at 60 �C. 1.21 g sodium molybdate
(Na2MoO4$2H2O) and 1.5 g thioacetamide (CH3CSNH2) were
then added into the solution to get a mass ratio of MoS2/pelagic
clay of 20% with content of MoS2 20%. The mixture was soni-
cated for 30 min and stirred for 24 h at 50 �C. Finally, the
mixture was transferred into a 100 mL Teon-lined stainless
autoclave and heated at 220 �C for 24 h. Aer cooling to room
temperature, the precipitate was centrifuged, thoroughly
washed with deionized water and absolute ethanol and then
dried in air. The product was marked as 20% MoS2/PC. Simi-
larly, 5% MoS2/PC, 10% MoS2/PC, 30% MoS2/PC, and 40%
MoS2/PC were prepared through the same method by adjusting
the ratio of Na2MoO4$2H2O and CH3CSNH2 to pelagic clay,
respectively. Bulk MoS2 was prepared in the same way but
omitting the addition of pelagic clay. A mechanically mixed
sample was prepared by mixing bulk MoS2 and pelagic clay with
a mass ratio of MoS2/pelagic clay 1 : 19 through grinding, which
was marked as m-5% MoS2/PC.
Characterization

X-ray diffraction (XRD) analysis was performed using a DX2700
diffractometer with a Cu Ka radiation source (l¼ 1.5406 nm) in
a 2q range of 5–80�. Fourier transform infrared spectroscopy
(FT-IR) was tested using a NICOLET380 spectrometer in the
range of 4000–400 cm�1 with 128 scans per spectrum. Specic
surface area data were obtained from a JW-BK222 automated
sorption system using the Brunauer–Emmett–Teller (BET)
method. Scanning electron microscopy (SEM) tests were per-
formed on a JEOL JSM-6700F microscope. Transmission elec-
tron microscopy (TEM) and energy dispersive spectroscopy
(EDS) characterizations were performed with a JEOL JEM-2100F
microscope at an acceleration voltage of 200 kV. X-ray photo-
electron spectroscopy (XPS) analysis was tested on an
ESCAlabMK-II electronic spectrometer. Raman spectra were
measured using a micro-Raman spectrometer (Renishaw) with
9622 | RSC Adv., 2021, 11, 9621–9627
a laser wavelength of 532 nm at 0.2 mW. Surface wettability of
samples was measured on a C20001C contact angle meter.
Bacteria inactivation test

First, bacteria (E. coli 8739) were activated at 37 �C for 24 h and
cultured to the log phase. Then the concentrations were
measured by aerobic count plates. The bacterial solution was
then diluted to approximately 106 cfu mL�1 (c0). To keep the
mass of MoS2 in all samples consistent, 1.2 mg bulk MoS2,
24 mg 5% MoS2/PC, 12 mg 10% MoS2/PC, 6 mg 20% MoS2/PC,
4 mg 30%MoS2/PC, 3 mg 40%MoS2/PC, and 4.8 mg pelagic clay
were added to 100 mL of the E. coli solution, respectively. The
solutions were then illuminated under visible light (400–
800 nm, 100 W cm�2) for 18 h. Then, the bacterial solutions
were diluted by gradient, and the concentrations of these
diluted solutions were measured by aerobic count plates.
Finally, the concentrations of the bacteria in the original solu-
tions (c1) were calculated. Each group of samples was performed
twice in parallel, and the nal antibacterial rate were calculated
according to the average of parallel experiment results. The
formula for the antibacterial rate (a) is a ¼ ((c0 � c1)/c0)� 100%.
Fluorescence test

1.2 mg bulk MoS2, 24 mg 5% MoS2/PC, 12 mg 10% MoS2/PC,
6 mg 20% MoS2/PC, 4 mg 30% MoS2/PC, 3 mg 40% MoS2/PC,
and 4.8 mg pelagic clay were respectively dispersed in a solution
containing NaOH (0.01 mol L�1) and terephthalic acid (TA,
3 mmol L�1) and darkened for 30 min. These solutions were
then illuminated with visible light (400–800 nm, 100 W cm�2)
for 1 h. Finally, the uorescence intensities of the solutions
were measured by uorescence spectrophotometer. Photo-
luminescence was performed on a F-380 uorescence spectro-
photometer under 150 W xenon light of 315 nm.
Results and discussion
Structure characterization

X-ray diffraction (XRD) patterns of pristine pelagic clay, MoS2
and MoS2/PC are shown in Fig. 1a. It reveals poor crystallization
of pelagic clay. Only diffractions from impurities such as quartz,
feldspar, kaolinite, and calcite are observed, while the pelagic
clay is amorphous. In the MoS2/PC composites, two diffraction
peaks at 8� and 20� are observed, which are attributed to the
diffraction from (002) and (020) planes of illite/montmorillonite
(I/M) mineral, respectively, suggesting that the amorphous
substance in pelagic clay crystallized to form I/M mineral.
Moreover, as the mass content of MoS2 in the composites
increases, the intensity of (002) peak gradually increases and
reaches a maximum when MoS2 achieves 20%. It suggests the
hydrothermal formation process of MoS2 promotes the crys-
tallization of I/M. As compared to the XRD pattern of bulk MoS2,
the composite samples do not show characteristic peak of (002)
plane of MoS2 at 14�, which is attributed to the small number of
stacked layers and poor long-range order of MoS2 nanosheets as
a result of the restriction of symbiotic structure.
© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 (a) XRD patterns and (b) FTIR spectra of pelagic clay, 5% MoS2/
PC, 10% MoS2/PC, 20% MoS2/PC, 30% MoS2/PC, 40% MoS2/PC, and
bulk MoS2.

Fig. 2 Schematic for the structural unit layer of illite–montmorillonite.
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Fourier transform infrared spectroscopy (FTIR) results are
shown in Fig. 1b. For pelagic clay, the absorption peak at
471 cm�1 represents the bending vibration of Al–O, and the
absorption peak at 1021 cm�1 suggests the antisymmetric
stretching vibration of Si–O–Si, which originate from AlO6

octahedron and SiO4 tetrahedron, respectively. Aer hybridized
with MoS2, 20% MoS2/PC, 30% MoS2/PC, and 40% MoS2/PC
show vibration absorption from hydroxyl group at 3620 cm�1,
representing the stretching vibration of hydroxyl group in the
interlayer of I/M mineral. However, because the changes in
bending vibration of hydroxyl group is less obvious than that in
stretching vibration, the peaks at 910 cm�1 did not change
signicantly. The appearance of hydroxyl group signals indi-
cates the increased number of hydroxyl group in I/M mineral
and the presence of layered structure of I/M mineral. The
structural unit layer of I/M mineral is schematically shown in
Fig. 2. As discussed above, pelagic clay is of low crystallinity, and
the hydroxyl groups in AlO6 octahedron are exposed and easily
be replaced by other groups, leading to a decrease in hydroxyl
group number. Aer hydrothermal reaction, the long-range
order of I/M mineral is signicantly increased. Thus, SiO4

tetrahedron layers can protect hydroxyl groups, and hence the
number of hydroxyl groups increase. The good crystallinity also
© 2021 The Author(s). Published by the Royal Society of Chemistry
results in the appearance of 8� diffraction peak in the XRD
pattern.

N2 adsorption test shows the Brunauer–Emmett–Teller (BET)
specic surface area of pelagic clay, 5%MoS2/PC, 10%MoS2/PC,
20% MoS2/PC, 30% MoS2/PC, 40% MoS2/PC, bulk MoS2 and m-
5%MoS2/PC are 100.4, 28.8, 22.6, 13.9, 10.8, 13.0, 4.5, and 82m2

g�1, respectively. m-5% MoS2/PC was prepared by mixing bulk
MoS2 and pelagic clay with a mass ratio of MoS2/pelagic clay
1 : 19 through grinding. Obviously, the specic surface area of
pelagic clay is relatively high while those of all the MoS2/PC
composites are small. Moreover, as the content of MoS2 in the
composites increases, the specic surface areas of the samples
gradually decrease. It is worth mentioning that the composite
samples exhibit a sharp decrease in specic surface area as
compared to pelagic clay. Additionally, the specic area of m-
5% MoS2/PC is much higher than that of the 5% MoS2/PC
sample. This phenomenon indicates that during the crystalli-
zation of pelagic clay, MoS2 lled in the voids between layers of
I/M mineral, resulting in a decrease in its internal surface area.
But, in the mechanically mixed sample, MoS2 occurs on the
surface of pelagic clay. Moreover, the similar specic surface
area indicates that the interlayer space of I/M mineral is almost
lled when the content of MoS2 reaches 20%. The corre-
sponding N2 adsorption/desorption isotherm curves (Fig. S1†)
conrm this deduction. The isotherm curves of pelagic clay, 5%
MoS2/PC, 10% MoS2/PC and m-5% MoS2/PC exhibit typical H3
hysteresis loop, which suggests that part of the interlayer space
of I/M mineral is unoccupied. However, 20% MoS2/PC, 30%
MoS2/PC and 40% MoS2/PC did not show hysteresis loop,
indicating that the interlayer space is almost lled.

Scanning electron microscopy (SEM) images of the samples
are shown in Fig. 3. Pristine pelagic clay (lateral size of �300
nm) does not show obvious stacking and laminar structure
(Fig. 3a). In 5% MoS2/PC and 10% MoS2/PC samples (Fig. 3b
and c), stacked mineral crystal akes with large size of �1 mm
are observed. Such crystal akes are absent in pristine pelagic
clay sample, indicating that pelagic clay crystallized aer being
combined with MoS2. Fig. 3d indicates that MoS2 nanosheets
grow vertically on the smooth surface of I/M mineral sheets and
form a symbiotic structure. The lateral dimension of the MoS2
nanosheets is 50–200 nm, and the thickness is approximately
18 nm.When the content of MoS2 increases, as shown in Fig. 3e,
RSC Adv., 2021, 11, 9621–9627 | 9623
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Fig. 3 SEM images of (a) pelagic clay, (b) 5% MoS2/PC, (c) 10% MoS2/
PC, (d) 20% MoS2/PC, (e) 30% MoS2/PC and (f) 40% MoS2/PC.
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more MoS2 nanosheets with gradually increased size are
observed. When the proportion of MoS2 reaches 40% (Fig. 3f),
MoS2 nanosheets aggregate on the outer surface of I/Mmineral,
forming a ower-like structure with a lateral size of approxi-
mately 500 nm and a thickness of 30 nm, which are similar to
bulk MoS2 (Fig. S2†).

Transmission electron microscopy (TEM) and high-
resolution transmission electron microscopy (HRTEM) images
of pelagic clay and 20%MoS2/PC are shown in Fig. 4. Unobvious
crystal structure and no lattice are observed in TEM and
HRTEM images of pelagic clay (Fig. 4a and b), which further
validates its amorphous structure. Aer hybridizing pelagic clay
with MoS2, the I/M mineral ake and MoS2 nanosheets grow
together (Fig. 4c). In the HRTEM image (Fig. 4d), two types of
lattice a and b are observed. The lattice labelled (a) shows
a spacing of 0.45 nm, which can be indexed as the (020) plane of
I/M mineral and further proves that I/M mineral is crystallized.
The lattice labelled (b) exhibits a spacing of 0.62 nm,
Fig. 4 (a) TEM image and (b) HRTEM image of pelagic clay, (c) TEM
image and (d) HRTEM image of 20% MoS2/PC, (e) HAADF-STEM dark
field image of 20% MoS2/PC, and (f–i) element distribution of Al, Si, S,
and Mo in 20% MoS2/PC.

9624 | RSC Adv., 2021, 11, 9621–9627
corresponding to the layer spacing in the c-axis direction of
MoS2. It further proves that I/M mineral and MoS2 nanosheets
form a symbiotic structure. Energy dispersive spectroscopy
(EDS) test was carried out on 20%MoS2/PC. As shown in Fig. 4e–
i, the sample is mainly composed of Si, Al, Mo, and S. Moreover,
Mo and S are observed in most areas where there are I/M
minerals, thus validating their symbiosis.

X-ray photoelectron spectroscopy (XPS) measurements were
performed on pristine pelagic clay, bulk MoS2 and 20% MoS2/
PC, and the results are shown in Fig. 5. The above samples were
scanned for full-spectrum (Fig. 5a). It reveals the presence of Al,
Si, and O elements in pelagic clay and S and Mo elements in
bulk MoS2. 20% MoS2/PC exhibits the peaks ascribed to Al, Si,
O, S, and Mo elements. High resolution Mo 3d spectra of 20%
MoS2/PC and bulk MoS2 are shown in Fig. 5b. The Mo 3d3/2 and
Mo 3d5/2 peaks of 20%MoS2/PC, corresponding to Mo4+ species
in MoS2, are located at 231.6 eV and 228.4 eV, respectively. The
two peaks shi to lower binding energy relative to that of bulk
MoS2. Additionally, the peaks at 232.6 eV and 235.6 eV are
indexed as Mo6+ species in MoO3. However, these peaks are not
found in bulk MoS2. It is attributed to the high crystallinity of
Fig. 5 (a) XP survey spectra of 20% MoS2/PC, bulk MoS2 and pelagic
clay. High-resolution scans for (b) Mo 3d and (c) S 2p regions of 20%
MoS2/PC and bulk MoS2.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 Surface wettability of (a) 20% MoS2/PC and (b) bulk MoS2.
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bulk MoS2 with few defects. However, there are many defects in
composites caused by the restricted growth of MoS2 nanosheets.
Therefore, 20% MoS2/PC is easy to be oxidized to MoO3. Addi-
tionally, some oxides in pelagic clay may also promote the
oxidation process during hydrothermal reaction process. High
resolution S 2p spectra of 20% MoS2/PC and bulk MoS2 are
shown in Fig. 5c. For 20% MoS2/PC, two peaks located at
161.5 eV and 162.7 eV are assigned to S 2p1/2 and S 2p3/2, cor-
responding to the S2� in MoS2. Compared to that of bulk MoS2
at 161.8 eV and 162.9 eV, S 2p of 20% MoS2/PC shis towards
lower binding energy. The decrease in the binding energy of Mo
and S reveals electron transfer from I/M mineral to MoS2,
resulting in an increase of electron density on MoS2. It is re-
ported that this increase in electron density may result in the
formation of electron transfer channel,27–29 which is benecial
to promote the separation of photogenerated carriers. The high
separation rate will further enhance photocatalytic activity.

Fig. 6 shows surface wettability test results. Bulk MoS2
exhibits hydrophobicity with a water contact angle of 113.41�.
Aer being hybridized with pelagic clay, the contact angle
decreases to 32.81�, indicating that pelagic clay signicantly
improved the hydrophilicity of MoS2. This improves dispersion
of MoS2 in aqueous solutions and then is benecial for its
application in water disinfection.
Disinfection performance

The antibacterial test results of pristine clay, MoS2 andMoS2/PC
are shown in Fig. 7. The antibacterial rates were calculated
according to the number of colonies on aerobic count plates
Fig. 7 Antibacterial experiment images of (a and b) pelagic clay (diluted 1
PC (diluted 107 times), (g and h) 20% MoS2/PC (diluted 10 times), (i and j
times), and (m and n) bulk MoS2 (diluted 104 times).

© 2021 The Author(s). Published by the Royal Society of Chemistry
(see details in Experiment section). Pelagic clay shows no anti-
bacterial activity, and the antibacterial rates of 5% MoS2/PC,
10% MoS2/PC, 20% MoS2/PC, 30% MoS2/PC, and 40% MoS2/PC
are 76.25%, 78.47%, 99.95%, 79.65%, and 72.27%, respectively.
Bulk MoS2 exhibits a low antibacterial rate of 61.87%. A
comparison shown in Fig. 8a indicates that disinfection rates
increase rstly and then decrease as the content of MoS2 in
MoS2/PC composites increases, and 20% MoS2/PC exhibits the
highest disinfection rate.

Disinfection mechanism

Hydroxyl radical content in an aqueous solution can be detected
via photoluminescence. The hydroxyl radicals in solution can
react with terephthalic acid (TA) to form stable hydroxytereph-
thalic acid with uorescent properties. Higher hydroxytereph-
thalic acid concentrations generally lead to stronger
uorescence intensities. Herein, we test the ability of catalysts
to generate hydroxyl radicals by measuring uorescence inten-
sity of solutions. The solutions were prepared through sus-
pending pelagic clay, MoS2 and MoS2/PC in deionized water,
respectively. The results are shown in Fig. 8b. It suggests that
the suspensions containing MoS2 and pelagic clay do not
exhibit discernible uorescence intensity. But uorescence
intensity of composite samples suspensions is higher. Accord-
ing to Fig. 8c, as the MoS2 content increases, the hydroxyl
radical concentration in solution increases rst and then
decreases, and reaches maximum at an MoS2 content of 20%.
This result matches well with the antibacterial test result.
Although pristine MoS2 is active for photocatalytic disinfection,
it shows a relatively low antibacterial activity due to the low
concentration of hydroxyl radicals caused by high recombina-
tion rate of photogenerated carriers.

Bulk MoS2 generates photogenerated electron–hole pairs
under illumination. The holes can combine with hydroxyl
groups in the solution to form hydroxyl radicals, while the
electrons can combine with oxygen in the solution to form
superoxide radicals, and then superoxide radicals can react with
H+ to generate hydroxyl radicals, thus completing sterilization
under the lead role of hydroxyl radicals. As discussed above, in
the hydrothermal process, MoS2 and I/M mineral grew together
to form a symbiotic structure. In addition, the formation
04 times), (c and d) 5% MoS2/PC (diluted 107 times), (e and f) 10% MoS2/
) 30% MoS2/PC (diluted 107 times), (k and l) 40% MoS2/PC (diluted 107
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Fig. 8 (a) A comparison of antibacterial rate on MoS2/PC composites.
(b) PL spectra of suspensions of pelagic clay, bulk MoS2 and MoS2/PC
composites, and (c) the dependence of fluorescence intensity at
425 nm on MoS2 content in MoS2/PC composites.
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process of MoS2 promotes the crystallization of I/Mmineral. I/M
mineral with better crystallinity has more hydroxyl groups.
Hydroxyl groups can attract photogenerated holes via electro-
static interaction to promote separation of photogenerated
carriers. As a result, the electrons are easier to diffuse to
materials surface and combine with oxygen to form hydroxyl
radicals, which in turn increases the concentration of hydroxyl
radical in the solution. Therefore, the antibacterial activity of
MoS2 is improved. Moreover, the symbiotic growth of pelagic
clay and MoS2 can effectively limit the growth of MoS2 nano-
sheets. The small MoS2 nanosheets are benecial for photo-
generated electrons and holes to diffuse to the edges of
nanosheets and then separate, resulting in an enhancement in
photocatalytic activity. In addition, the good hydrophilicity of
pelagic clay improves dispersity of MoS2 in water, which is
helpful to its application in aqueous systems. Among all the
composite samples, 5% MoS2/PC and 10% MoS2/PC are of low
crystallinity, and the MoS2 nanosheets in 30% MoS2/PC and
40% MoS2/PC samples exhibit increased size and aggregation
compared to 20% MoS2/PC, which are not conducive to the
9626 | RSC Adv., 2021, 11, 9621–9627
separation of the photogenerated electron–hole pairs, thus
result in relatively low antibacterial rates. By contrast, the 20%
MoS2/PC is of high I/M mineral crystallinity and small MoS2
nanosheet, both of which contribute to the superior antibacte-
rial performance.
Conclusions

We successfully prepared symbiotic composite of MoS2 and
pelagic clay. The amorphous substance in the pelagic clay
crystallized to form I/M mineral with more hydroxyl groups via
hydrothermal reaction. Hydroxyl groups attract photogenerated
holes and inhibit electron–hole recombination, thus increasing
the hydroxyl radical concentration in the solution. Moreover,
pelagic clay promotes the dispersion of MoS2 in aqueous solu-
tion. In addition, the symbiotic growth reduces the size of MoS2
nanosheets, and shortens the distance for photogenerated
carriers to diffuse to surface. As a result, MoS2/PC exhibits
superior antibacterial activity with a disinfection rate of 99.95%
to E. coli 8739. The composite shows potential as a photocatalyst
in water disinfection eld.
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