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Abstract: MoS, quantum dots (QDs) decorated NH,-MIL-125 (MoS, QDs/NH,-MIL-125) heterostructures were

successfully fabricated by a facile method. XRD results exhibit that NH,-MIL-125 and MoS, form crystals in the

synthesis process of MoS, QDs/NH,-MIL-125 heterojunctions. TEM results demonstrated clearly that the MoS, Quan-

tum dots with size of about 4 nm successfully disperse on the surface of NH,-MIL-125 plate. Compared with bulk
MoS, and NH,-MIL-125, the MoS, QDs/NH,-MIL-125 heterostructures exhibit enhanced photocatalytic perform-

ance in degradation of methyl orange under visible light irradiation, about 5.8 and 7.4 times higher that of pure bulk

MoS, and NH,-MIL-125, respectively. Meanwhile, MoS, QDs/NH,-MIL-125 composites exhibit good stability and

reusability during cycle experiment. The excellent photocatalytic activity of MoS, QDs/NH,-MIL-125 heterostructures is

attributed to the formation of heterojunctions between MoS, QDs and NH,-MIL-125, Tacilitating separation of the

photogenerated charge carries. PL results prove that MoS, QDs/NH,-MIL-125 composites own lower recombination of

photogenerated electrons and holes, resulting in superior photocatalytic ability.
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Due to the permanent porosity, high surface area, and
diverse structures, metal-organic frameworks (MOFs)
have gathered increasing attention in the field of sens-
ing!"!, absorption® and catalysis?®?. NH,-MIL-125(Ti)
with visible light absorption ability has been applied in
the degradation of organic pollutants'®. Moreover, con-
structing heterojunction between semiconductor and
NH,-MIL-125 is an effective strategy to further improve
the photocatalytic activity of NH,-MIL-125. Because the
heterojunction can improve the separation of photogen-
erated charge carries, resulting in the superior photo-
catalytic activity!*!. For example, as compared with pure
Ag;PO,, NH,-MIL-125 and P25, Ag;PO4@NH,-MIL-125
photocatalyst exhibited enhanced visible-light-induced
activity toward MB and RhB". Bi,S;@NH,-MIL-125(Ti)
composites showed higher activity toward Cr(VI) reduc-
tion and RhB degradation than pure NH,-MIL-125(Ti)
and Bi,S;!'". BiOBr/NH,-MIL-125 composites also ex-
hibited enhanced photocatalytic performance for RhB
degradation under visible light irradiation!'"),

Herein, we prepared a new hybrid photocatalyst by
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coupling MoS, QDs and NH,-MIL-125(Ti). Due to the
unique short
charge-transfer lengths, semiconductive QDs have at-
tracted more and more interest!'*). However, pure QDs
are easy to self-aggregate and have rapid recombination
of the photogenerated charge carriers!’®!. To solve these
problems, loading QDs onto other materials has been
proved as an effective strategy!'*. MoS, QDs can trap the
photo-induced electrons and efficiently improve the
photogenerated charge carriers separation efficiency,

consequentially increase the photocatalytic perform-
[13,15]

advantages of small sizes and

ance

photocatalytic detoxification and disinfection of Bi,WOg
[15]

For example, MoS, QDs can improve the

in the wastewater
activity of g-C;N, toward the degradation of MO and
phenol under visible light irradiation!'*!. In this report,
MoS, QDs decorated NH,-MIL-125 heterostructures
were synthesized by a two-step method, and the synthe-
sized MoS, QDs/NH,-MIL-125 composites exhibited
significantly enhanced photocatalytic performance for
the degradation of MO under visible light irradiation.

, and also enhance the photocatalytic
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1 Experimental

1.1 Preparation of MoS, QDs/NH,-MIL-125

Metal-organic frameworks NH,-MIL-125 were pre-
pared according to the reference [16], and the MoS, QDs
solution was synthesized through one-step solvothermal
route reported in reference [17]. MoS, QDs/NH,-MIL-125
composites were constructed as follows: NH,-MIL-125
powders (0.50 g) were ultrasonically dispersed in ethanol
(40 mL), and as-prepared MoS, QDs solution (0.514 mL)
was added dropwise under ultrasonication into the
NH,-MIL-125 suspension. The mixed suspension was
magnetically stirred at room temperature until the solvent
was naturally evaporated, and finally dried at 80 ‘C for
12 h to get MoS, QDs/NH,-MIL-125 composites.
1.2 Characterization

The morphology of the catalyst was observed by
scanning electron microscope (SEM, JEOL JSM-7001F,
Japan) and transmission electron microscope (TEM,
JEOL-100CX, Japan). The crystallinity of powder was
characterized by powder X-ray diffraction (XRD,
D/max-2200/PC, Rigaku Corporation, Japan) with Cu K
o radiation. A diffuse reflectance UV-Vis spectropho-
tometer (DRS, TU-1901) was used to obtain the absorp-
tion spectra of samples. The photoluminescence (PL)
spectra of the samples were obtained by using a Varian
Cary Eclipse spectrometer with an excitation wavelength
of 325 nm. The visible light photocatalytic activity of
catalyst was evaluated according to the reference [18].

2 Results and discussion

Fig. 1 shows the TEM images of MoS, QDs/NH,-
MIL-125 composites. The size of NH,-MIL-125 is about
1.5-3 um (Fig. 1(a)), and MoS, QDs are dispersed uni-
formly on the surface of NH,-MIL-125 plate (Fig. 1(b)).
Observed from the high-magnification TEM images
(Fig. 1(c-d)), the size of MoS, QDs is about 4 nm, an
interplanar spacing of 0.23 nm is corresponded to the
(103) planes of the MoS, QDs'*!. And the elemental
mapping analysis (Fig. 1(e-f)) suggest the presence and
uniform distribution of Mo and S in the MoS,
QDs/NH,-MIL-125 composites.

XRD patterns of the bulk MoS,, NH,-MIL-125 and
MoS, QDs/NH,-MIL-125 are shown in Fig. 2. The peaks
at 26=14.43°, 32.75° 39.58°, 44.18° and 49.86° are at-
tributed to the (002), (100), (103), (006) and (105) planes
of bulk MoS,, which match the standard pattern of MoS,
(JCPDF 37-1492)!"*17). The XRD pattern of NH,-MIL-
125(Ti) was in accordance with simulated XRD pat-
terns'®'?)) indicating the formation of NH,-MIL-125(Ti)

Fig. 1

TEM images (a, b), HRTEM images (c, d) and the
partial element mappings (e, f) of MoS, QDs/NH,-MIL-125
composites
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Fig. 2 XRD patterns of bulk MoS,, NH,-MIL-125 and MoS,
QDs/NH,-MIL-125 composites

crystal. From the XRD pattern of MoS, QDs/NH,-MIL-
125, the peak at 26= 14.43° of MoS, can be observed, but
other peaks of MoS, don’t emerge.

The photocatalytic activities of the bulk MoS,,
NH,-MIL-125 and MoS, QDs/NH,-MIL-125 were inves-
tigated through photodegradation of MO under visible
light irradiation (4>420 nm). As shown in Fig. 3(a), bulk
MoS, and NH,-MIL-125 removed about 21% and 16% of
MO, respectively. Satisfactorily, QDs/NH,-MIL-125
composites exhibited enhanced photocatalytic perform-
ance, and degraded 81% MO over 120 min. Generally,
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the photocatalytic degradation of pollutants follows
pseudo-first-order reaction!'”. The degradation rate con-
stant (K) can be calculated by the equation: In(C/Cy) = — kt,
where C, and C are the initial concentration of MO and
the concentration of MO at a reaction time of t, respec-
tively. Fig. 3(b) shows the kinetic fitting curves for the
MO degradation with different samples. The photocata-
lytic degradation rates are 0.00198, 0.00157 and
0.01157 min™' for bulk MoS,, NH,-MIL-125 and MoS,
QDs/NH,-MIL-125, respectively. The rate of MoS,
QDs/NH,-MIL-125 is 5.8 and 7.4 times of pure bulk
MoS, and NH,-MIL-125, respectively.

The enhanced photocatalytic activity of MoS,
QDs/NH,-MIL-125 should be attributed to the formation
of heterojunctions between MoS, QDs and NH,-MIL-
125, not to the light absorption of MoS, QDs. In Fig. 4(a),
it was clearly observed that MoS, QDs have little effect
on the light absorption ability of NH,-MIL-125. However,
the heterojunctions between MoS, QDs and NH,-MIL-125
are of great benefit to the photo-generated charge carries
separation””’. The PL spectra always be utilized to ana-
lyze the photogenerated electron-hole recombination
efficiency. Fig. 4(b) shows the PL spectra of pure
NH,-MIL-125 and the MoS, QDs/NH,-MIL-125 com-
posites. NH,-MIL-125 has stronger PL peak, and MoS,
QDs/NH,-MIL-125 shows lower PL peak. This results
indicate that MoS, QDs/NH,-MIL-125 composites own
lower recombination of the photo-generated electrons

and holes'*' ¥, As a result, MoS, QDs/NH,-MIL-125
composite exhibits a better visible-light-induced photo-
catalytic activity. Meanwhile, the stability of MoS,
QDs/NH,-MIL-125 composites was investigated by re-
peating the photocatalytic degradation of MO for five
cycles under the same conditions. As shown in Fig. 5,
there is no obvious inactivation in the photocatalytic ac-
tivity after five recycles, indicating the composites have
good stability and reusability.

3 Conclusions

In summary, MoS, QDs/NH,-MIL-125 composites
were successfully prepared by a facile method. MoS,
QDs with size of about 4 nm dispersed uniformly on the
surface of NH,-MIL-125 plate. Compared with pure bulk
MoS, and NH,-MIL-125, MoS, QDs/NH,-MIL-125
photocatalysts display greatly improved photocatalytic
activity over methyl orange under visible light irradiation.
The photocatalytic degradation rate of MoS,
QDs/NH,-MIL-125 is 5.8 and 7.4 times of pure bulk
MoS, and NH,-MIL-125, respectively. This excellent
property should be attributed to the formation of hetero-
junction between MoS, QDs and NH,-MIL-125, which
can lower the recombination of the photo-generated
electrons and holes. This work could provide a novel
strategy for designing semiconductor/MOF heterostruc-
tured photocatalysts.
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Fig. 3 (a) Photocatalytic activity and (b) plot of —In(C/C,) of bulk MoS,, NH,-MIL-125 and MoS,
QDs/NH,-MIL-125 composites over MO as a function of irradiation time
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Fig. 4 UV-Vis diffuse reflectance spectra (a) and PL spectra (b) of NH,-MIL-125 and MoS, QDs/NH,-MIL-125 composites
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Fig. 5 Stability test of MoS, QDs/NH,-MIL-125 composites
for MO degradation under visible light irradiation
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