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Co-doping of Ce** and Zr*+ enhances the denitration performance and K-poisoning resistance of V20s-WO03/TiO2 catalyst because more K
atoms can be combined with Ce#+ to yield the better protection of active vanadium species.
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Enhanced photocatalytic Cr(VI) reduction and diclofenac sodium
degradation under simulated sunlight irradiation over
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Metal-organic framework MIL-100(Fe) and g-C3sN4 heterojunctions (MG-x, x = 5%, 10%, 20%, and
30%, x is the mass fraction of MIL-100(Fe) in the hybrids) were facilely fabricated through
ball-milling and annealing, and characterized by powder X-ray diffraction, Fourier transform infra-
red spectroscopy, thermogravimetric analysis, transmission electron microscopy, UV-visible dif-
fuse-reflectance spectrometry, and photoluminescence emission spectrometry. The photocatalytic
activities of the series of MG-x heterojunctions toward Cr(VI) reduction and diclofenac sodium deg-
radation were tested upon irradiation with simulated sunlight. The influence of different organic
compounds (ethanol, citric acid, oxalic acid, and diclofenac sodium) as hole scavengers and the pH
values (2, 3, 4, 6, and 8) on the photocatalytic activities of the series of MG-x heterojunctions was
investigated. MG-20% showed superior photocatalytic Cr(VI) reduction and diclofenac sodium
degradation performance than did the individual MIL-100(Fe) and g-C3N4 because of the improved
separation of photoinduced electron-hole charges, which was clarified via photoluminescence
emission and electrochemical data. Moreover, the MG-x exhibited good reusability and stability after
several runs.
© 2019, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.
Published by Elsevier B.V. All rights reserved.

1. Introduction

in the electroplating, leather tanning, printing, polishing, and
pigment industries [1-3]. Up to now, photocatalytic reduction

Among toxic heavy metal ions, hexavalent chromium of Cr(VI) to Cr(Ill) has been a hot topic of research [4-10],
(Cr(VD)) is a mutagenic and carcinogenic contaminant that is therefore, it is a great challenge to develop novel photocatalysts
found in surface water and groundwater, as it is widely utilized with efficient visible-light absorption and excellent stability

* Corresponding author. Tel/Fax: +86-10-67391767; E-mail: jgdeng@bjut.edu.cn

# Corresponding author. Tel/Fax: +86-010-61209186; E-mail: wangchongchen@bucea.edu.cn
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[8,11]. Among the various photocatalysts, graphitic carbon
nitride (g-C3N4) is a good, metal-free photocatalyst that pos-
sesses appealing features like m-conjugated electronic struc-
ture, high chemical stability, and earth abundance [12,13].
However, g-CsN4 has some disadvantages, such as high recom-
bination probability of the photogenerated electron-hole pairs
due to hybridization of the N 2p and C 2p states in the conduc-
tion band (CB) and unavoidably disordered structure or defects
[14-16] and low surface area resulting from the bulk structure
[17-19]. These disadvantages lead to the low photocatalytic
activity for Cr(VI) reduction or organic pollutant degradation.
Recently, synthesis of g-C3N4 composites with different materi-
als, such as g-C3Ns4/Bi2WOs [20], g-CsN4/SiW11 [21],
g-C3N4/Zn3V207(0H)2(H20)2 [22],  WO3/g-C3N4 [23],
g-C3N4/Ag20 [24], and g-PAN/g-C3N4 [25], has been identified
to be an efficient way to improve the photocatalytic reduction

efficiency.
Recently, the application of metal-organic frameworks
(MOFs) in heterogeneous photocatalysis under

UV /visible/UV-vis irradiation for water splitting and CO: &
Cr(VI) reduction by using photogenerated electrons as well as
the degradation of organic pollutants based on holes has be-
come widespread [8,26-30]. The photocatalytic performance of
composites containing g-C3N4 and MOFs has been widely re-
ported. For example, ZIF-9(Co)/g-C3N4 exhibited multiple func-
tions in both CO2z adsorption and high photocatalytic activity for
COz reduction [31]. UiO-66(Zr)/g-C3Ns+ demonstrated efficient
photocatalytic hydrogen production because of the heterojunc-
tions [32]. MIL-125(Ti)/g-CsN4, MIL-53(Al)/g-CsN4, and
MIL-100(Fe)/g-C3Na exhibited highly efficient photocatalytic
performance toward rhodamine B degradation in aqueous so-
lution under visible-light irradiation [12,33,34].
ZIF-8(Zn)/g-C3N4 is a bifunctional material that shows efficient
adsorption and facilitates sunlight-induced photocatalytic deg-
radation of tetracycline [35]. ZIF-NC/g-C3N4 composites exhibit
enhanced photocatalytic activity for bisphenol A degradation
with peroxymonosulfate under visible-light irradiation [36].
Moreover, MIL-53(Fe)/g-CsNs+ had improved photocatalytic
efficiency for Cr(VI) reduction [37].

In this work, MIL-100(Fe)/g-C3N4 hybrids were synthesized
through ball-milling and annealing for photocatalytic Cr(VI)
reduction under different conditions. Both g-C3Ns and
MIL-100(Fe) showed photocatalytic performance, but each
material when used individually exhibited limited photocata-
lytic efficiency due to the high charge recombination rate and
limited light absorption ability. The MIL-100(Fe)/g-CsN4 hy-
brids obtained by combining MIL-100(Fe) with g-C3Ns+ demon-
strated outstanding photocatalytic performance for Cr(VI) re-
duction under simulated sunlight, along with good stability and
reusability.

2. Experimental
2.1. Materials

All chemicals including urea (CH4N20, USP grade, Amresco),
iron powder (Fe, 99%, J&k Scientific Ltd.), ben-

zene-1,3,5-tricarboxylic acid (H3BTC, CoHeOs, 99%, J&k Scien-
tific Ltd.), nitric acid (HNOs3, analytical grade, Sinopharm Chem-
ical Reagent Co., Ltd.), hydrofluoric acid (HF, analytical grade,
Sinopharm Chemical Reagent Co., Ltd.), potassium dichromate
(K2Cr207, analytical grade, Sinopharm Chemical Reagent Co.,
Ltd.), diclofenac sodium (Ci4H10Cl2NNaOz, 98%, J&k Scientific
Ltd.), hydrogen peroxide (Hz02, 30 wt%, Sinopharm Chemical
Reagent Co. Ltd.), oxalic acid (H2Cz204, analytical grade, Si-
nopharm Chemical Reagent Co., Ltd.), citric acid monohydrate
(CeHgO7-H20, 99%, J&k Scientific Ltd.), sodium acetate
(C2H302Na, analytical grade, Sinopharm Chemical Reagent Co.,
Ltd.), and acetonitrile (C2H3sN-H20, LC-MS grade, J&k Scientific
Ltd.) were commercially available and used without further
purification.

2.2.  Preparation of MIL-100(Fe)/g-C3N4 hybrids

g-C3N4 was prepared by calcination with urea as the pre-
cursor [33]. Briefly, 10.0 g of urea was placed in a porcelain
crucible with a cover, moved into a muffle furnace, and heated
at 500 °C for 4 h. The obtained yellow powder was collected for
further use. Crude g-CsNs4 powder (1.0 g) was dispersed in
200.0 mL deionized H20 by sonication for 6 h. Then, pure
g-C3N4 was obtained by centrifuging the supernatant at 6000
rpm for 10 min and dried at 60 °C for 6 h.

MIL-100(Fe) was synthesized according to the procedure
reported by Horcajada and coworkers [38]. A mixture of 0.139
g Fef, 0.344 g H3BTC, 0.1 mL HF, 0.1 mL HNOs3, and 10.0 mL H20
with a molar ratio of 1.0:0.66:2.0:1.2:280 was sealed in a 25.0
mL Teflon-lined autoclave and heated at 150 °C for 6 d. The
light-orange MIL-100(Fe) was collected by filtration, washed
with deionized water, and finally dried in an oven at 60 °C for 2
h.

The MIL-100(Fe)/g-C3Ns heterojunctions (MG-x, x = 5%,
10%, 20%, and 30%, x is the mass fraction of MIL-100 in hy-
brids) were fabricated by ball-milling, followed by thermal
treatment of the mixture of g-CsN4 and MIL-100(Fe). In a typi-
cal procedure, a certain amount of MIL-100(Fe) and g-C3N4
powders was mixed in a stainless-steel pot and ground for 20
min using a ball mill. The ground mixture was then thermally
treated at 300 °C for 2 h in a tube furnace under N2 atmosphere
to produce a series of MIL-100(Fe)/g-C3N4 (MG-x) heterojunc-
tions. For comparison, pristine g-C3sN4+ and MIL-100(Fe) were
also thermally treated under the same conditions as those for
the MG-x hybrids.

2.3. Characterization

Powder X-ray diffraction (PXRD) patterns of the samples
were obtained with a Dandong Haoyuan DX-2700B diffractom-
eter in the range of 26 = 5°-50° with Cu K, radiation. Thermo-
gravimetric analyses (TGA) were performed in the range of
90-800 °C in an air stream at a heating rate of 10 °C/min on a
DTU-3c thermal analyzer using a-Al203 as a reference. Fourier
transform infrared (FT-IR) spectra were recorded using KBr
pellets on a Nicolet 6700 spectrometer in the range of
4000-400 cm-1. UV-visible diffuse-reflectance spectra (UV-vis
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DRS) of the solid samples were measured in the range of
200-800 nm on a Perkin Elmer Lambda 650S spectrophotom-
eter, in which barium sulfate (BaSO4) was used as the standard
with 100% reflectance. Photoluminescence (PL) emission
spectra were recorded on a Hitachi F-7000 spectrophotometer
across wavelengths ranging from 400 to 600 nm at room tem-
perature, with an excitation wavelength of 320 nm. The surface
area of the sample was calculated from Nz adsorp-
tion-desorption isotherms measured on a BELSORP-mini II
surface area analyzer at -196 °C  using the Brunau-
er-Emmett-Teller (BET) nitrogen adsorption method. The
morphology of the samples was observed using a Hitachi
HT7700 transmission electron microscope (TEM) operating at
an acceleration voltage of 120 kV. X-ray photoelectron spec-
troscopy (XPS) measurements were performed with Thermo
ESCALAB 250X

2.4. Electrochemical measurements

Electrochemical measurements were conducted using a
Metrohm Autolab PGSTAT204 electrochemical station in a typ-
ical three-electrode mode with 0.2 mol/L Na2S04 aqueous solu-
tion (pH = 6.8) as the electrolyte. A Pt electrode and a saturated
Ag/AgCl electrode were used as the counter electrode and ref-
erence electrode, respectively. Powder samples of 5.0 mg
MIL-100(Fe) or g-CsNs4 were mixed sufficiently with 400.0 pL
ethanol/Nafion (v/v = 19/1) under sonication for 30 min to
prepare the working electrodes. The prepared slurry (10.0 pL)
was drop-cast onto the conductive side of a Fluorine-doped Tin
Oxide (FTO) substrate (1.0 cm x 1.0 cm), and then dried at 80
°C for 30 min. This step was repeated five times to ensure uni-
form coverage of MIL-100(Fe) or g-C3Ns on the FTO substrate
for obtaining the desired working electrodes.

2.5.  Photocatalytic experiment

The photocatalytic Cr(VI) reduction experiment was carried
out at 25 °C in a 300 mL quartz reactor containing 100.0 mg of
the photocatalyst and 200.0 mL of 10.0 ppm Cr(VI) aqueous
solution, and the solution pH was adjusted to 2.0-8.0 with 0.2
mol/L Hz2S04 or 0.2 mol/L NaOH solution. After stirring for 60
min to achieve adsorption-desorption equilibrium, the suspen-
sions were irradiated by a 300 W xenon lamp (Beijing Aulight
Co., Ltd.). The spectrum of the light source is shown in Fig. S1
(Supporting Information). During illumination, 2.5 mL of the
suspension was taken from the reactor at specific time inter-
vals and centrifuged to separate the photocatalyst. The Cr(VI)
content in the supernatant was determined colorimetrically at
540 nm using the diphenylcarbazide method with a Yuanxi
UV-5200PC UV-vis spectrophotometer [39].

The photocatalytic degradation performance of the MG-x
nanocomposites toward diclofenac sodium was also tested. In a
typical experiment, 100.0 mg of photocatalyst powder was
dispersed in 200.0 mL diclofenac sodium aqueous solution (0.1
mmol/L). The suspension was stirred in the dark for 60 min to
achieve adsorption-desorption equilibrium, and then, hydro-
gen peroxide (50.0 uL) was added to the suspension before

turning on the light. A 300 W xenon lamp (Beijing Aulight Co.
Ltd.) was used as the light source. During the photocatalytic
degradation, the samples were collected at regular time inter-
vals using a 0.22-mm syringe filter to remove the photocatalyst
particles before analysis. An Acquity UPLC H-Class (Waters)
system was used to detect the residual concentration of diclo-
fenac sodium after the photocatalytic degradation. The analytes
were separated on a C18 (1.7 um, 2.1 mm x 50 mm) column in
a UPLC system equipped with a TUV detector. Aqueous sodium
acetate solution (0.015 mol/L) and acetonitrile were used as
mobile phases A and B, respectively. The gradient was pro-
grammed as follows: 0-0.5 min, 0-0% B; 0.5-1 min, 0-48% B;
1-2 min, 48-48% B; 2-2.5 min, 48-0% B. The column temper-
ature was maintained at 40 °C.

3. Results and discussion
3.1. Characterization

The PXRD patterns of the parent materials and heterojunc-
tions are illustrated in Fig. 1. The PXRD patterns of
MIL-100(Fe) were consistent with those reported in the litera-
ture (Fig. S2) [38,40], demonstrating that the prepared
MIL-100(Fe) was pure and well crystallized. The typical inter-
layer-stacking peak (002) at 26 = 27.2° corresponded to an
interlayer distance of ~0.32 nm for g-C3N4 [41,42]. The PXRD
patterns of the MG-x composites matched well with the corre-
sponding peaks of g-C3N4 and MIL-100(Fe), implying their suc-
cessful combination. More importantly, no sign of a new phase
in the MG-x hybrids was observed after annealing; the charac-
teristic peaks at 6.2° 10.2°, 11.0°, and 20.0° attributed to
MIL-100(Fe) became more evident with increasing mass con-
tent in the MG-x samples. The unchanged backbones of g-C3N4
and MIL-100(Fe) in the MG-x hybrids were further revealed by
the identical FTIR spectra, as shown in Fig. 2. As expected, the
same characteristic absorption peaks were observed for g-C3N4
and MG-x hybrids, except for the low MIL-100(Fe) content in
the MG-x samples. The texture of MG-20% hybrids was selected
for observation in the TEM and HRTEM images, as shown in

M | MIL-100(Fe)

MG-30%
M MG-20%

M MG-10%
«__)‘A MG-5%
\/WA g-CsN,

10 20 30 40 50
26 (degree)

Intensity (a.u.)

Fig. 1. XRD patterns of g-CsN4, MG-x (x = 5%, 10%, 20%, and 30%)
hybrids, and MIL-100(Fe).
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Fig. 2. FTIR spectra of g-C3N4, MG-x (x = 5%, 10%, 20%, and 30%) hy-
brids, and MIL-100(Fe).

Fig. 3. TEM images of (a) pure MIL-100(Fe), (b) pure g-C3Ns, and (c)
MG-20%, and (d) HRTEM image of MG-20%.

Fig. 3. For comparison, the TEM images of pure MIL-100(Fe)
and g-C3Ns4 were also included. MIL-100(Fe) (Fig. 3(a)) dis-
played a polygonal structure [34], and g-C3Ns samples (Fig.
3(b)) exhibited aggregated, slate-like, and smooth particles
with lamellar structures [33]. It could also be clearly observed
that the g-CsN4 nanosheets adhered strongly to the edges of
MIL-100(Fe) (Fig. 3(c)). High-resolution TEM images (Fig. 3(d))
could not be obtained as g-CsN4 and MIL-100(Fe) were solids
with low crystalline quality [32]. TGA revealed that the thermal
stability of MG-x decreased with an increase in the MIL-100(Fe)
content in the MG sample, as shown in Fig. 4, and the residual
weight further confirmed the different MIL-100(Fe) contents in
the MG-x samples.

Fig. 5 presents the XPS survey spectrum and the
high-resolution XPS spectra of MG-20%. The XPS survey spec-
trum (Fig. 5(a)) shows that C, N, O, and Fe exist in MG-20%. Fig.

10

0.8

0.6

Weight (%)

——g-CaNg
—— MIL-100(Fe)
—— MG-5%
MG-10%
0.2 —— MG-20%
—— MG-30%

0.4+

T T T T T T T
100 200 300 400 500 600 700 800
Temperature (°C)

0.0

Fig. 4. Thermal analysis of g-C3Ns, MG-x (x = 5%, 10%, 20%, and 30%)
hybrids, and MIL-100(Fe).

5(b) shows the C 1s XPS spectrum of MG-20%, in which the
peaks at 284.3 eV /288.2 eV and 285.3 eV can be attributed to
the sp2-bonded carbon (C-C bond)/C-H bond and C-N present
in the g-C3N4, respectively [33,37], while the peaks at 284.9 and
288.7 eV can be ascribed to benzoic rings and C=0 bonds of the
Hzbdc ligand in MIL-100(Fe) [43]. Four binding energies in the
N 1s region (Fig. 5(c)) can be observed, which can be ascribed
to the C-N-C (398.7 eV), N-(C)3 (400.1 eV), and N-H groups
(401.3 eV), and the charging effects (404.9 eV), respectively
[44]. The spectrum of MG-20% (Fig. 5(d)) exhibits two O 1s
peaks at 531.2 and 532.2 eV, which are related to the Fe-O
bonds of MG-20% and the oxygen components of the Hzbdc
ligand, respectively [45]. Furthermore, the Fe 2p spectrum in
Fig. 5(e) has two peaks at 712.5 and 725.4 eV, which can be
assigned to Fe 2ps;2 and Fe 2pi/2, respectively [46]. These re-
sults clearly imply that the MG-20% photocatalyst is success-
fully fabricated. The UV-vis DRS spectra of g-C3N4, MIL-100(Fe),
and MG-x are shown in Fig. 6(a). The band-gap energy (Eg) and
band-edge wavelength (g) of g-CsN4, MIL-100(Fe), and MG-x
can be estimated using Egs. (1) and (2), respectively [47].
Ahv = k(hv - Eg)1/n (1)
Ag=1240/E, 2)
where k represents a constant, and n is determined by the type
of optical transition of a semiconductor. The results reveal that
the Eg values of g-C3N4, MG-5%, MG-10%, MG-20%, MG-30%,
and MIL-100(Fe) are 2.96, 2.87, 2.83, 2.80, 2.77, and 2.63 eV,
respectively, and the band gaps tend to become narrow with an
increase in the MIL-100(Fe) content. The PL spectra of g-C3Na
and MG-20% at an excitation wavelength of 320 nm are
demonstrated in Fig. 7. The PL intensity of MG-20% at the 440
nm peak is weaker than that of pure g-C3N4, implying that the
recombination rate of photogenerated electrons and holes de-
creases in case of MG-20% [48,49].

3.2.  Photocatalytic activity

Before the photocatalytic reduction experiments, the ad-
sorption abilities of the samples were tested. As shown in Fig.
8(a), the adsorption capacity of g-C3N4+ and MG-x hybrids to-
ward Cr2072- was about 5%, while MIL-100(Fe) showed higher
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Fig. 5. XPS spectra of the MG-20% hybrid. (a) Survey scan; (b) C 1s; (c) N 1s; (d) O 1s; (e) Fe 2p.
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Fig. 6. (a) UV-vis spectra and (b) (Ahv)? versus photon energy (hv) plots for g-CsN4, MG-x (x = 5%, 10%, 20%, and 30%) hybrids, and MIL-100(Fe).

adsorption activity toward Cr2072- (~20%) because of its posi-
tive surface at pH 2.0 [50,51]. The photocatalytic Cr(VI) reduc-
tion performance over MG-x (x = 5%, 10%, 20%, and 30%)
under simulated sunlight irradiation was evaluated, as illus-
trated in Fig. 8(a). All MG-x hybrids exhibited higher photo-
catalytic activities than those of pure g-C3N4 and MIL-100(Fe)
owing to the synergistic effect between g-CsNs+ and
MIL-100(Fe). The MG-20% hybrid demonstrated the best pho-
tocatalytic activity, evidenced by its Cr(VI) reduction (97%)
efficiency within 80 min. The kinetic curves for the photocata-
lytic reduction of Cr(VI) over MG-x (5%, 10%, 20%, and 30%)
photocatalysts were plotted to the pseudo-first order model
(In(C/Co) = kt), and the values of k are shown in Fig. 8(b). The
order of the Cr(VI) reduction rates for the as-prepared photo-
catalysts is as follows: MG-20% (0.037 min-1) > MG-10% (0.028
min-1) > MG-30% (0.026 min-1) > MG-5% (0.023 min-1) >
g-C3N4 (0.016 min-1) > MIL-100(Fe) (0.012 min-1). Appropriate

introduction of MIL-100(Fe) into g-CsN4 will not only be bene-
ficial for charge transfer at the heterojunction interfaces, but
also improve visible-light harvesting (Fig. 6(a)). However, ex-
cess g-C3N4+ may decrease the quality of effective heterointer-
faces in MG-x, which would be unfavorable for charge transfer
at the heterointerfaces [32,33,52].

During the redox process, the Cr(VI) reduction rate over the
photocatalyst is greatly influenced by the pH of the aqueous
solution. The reduction efficiencies of Cr(VI) over MG-20% at
different pH values are shown in Fig. 9(a). The reduction ratio
decreased rapidly with increasing pH (98%, 79%, 29%, 15%,
and 9% at pH 2, 3, 4, 6, and 8, respectively). Under acidic condi-
tions, the photocatalytic Cr(VI) reaction follows Eq. (4), and the
abundant H+ further facilitates the conformation change from
Cr(VI) to Cr(III) [8]. However, under alkaline conditions, CrO42-
is predominant, leading to a reaction as expressed in Eq. (6) [8].
Moreover, the Cr(OH)s precipitate formed at pH > 6 covers the
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photocatalytic performance in a reaction without the catalyst is also

given.

active sites of MG-20%, leading to a decline in its photocatalytic
activity [52].

MG-x + hv - MG-x(h* + e7) 3)
Cr2072- + 14H* + 6e- - 2Cr3+ + 7H20 4
Organic compounds + h* = COz + H20 + others (5)
CrO42- + 4H20 + 3e- — Cr(OH)3 + 50H" (6)

The consumption of holes (h+) will accelerate photoinduced

—,
104 =

0.8

0.6

cre,

044

0.24

17/ T T T
-80 -60 0 20 40 60 80 100 120
Time (min)

(b)

crc,

17/ T T T T
-80-60 0 20 40 60

Time (min)

Fig. 9. Photocatalytic activities of the MG-20% hybrid for the reduction
of Cr(VI) in aqueous solution at (a) different pH values and (b) different
ethanol concentrations.

electron-hole charge separation and result in achieve out-
standing Cr(VI) reduction efficiency. To investigate the effect of
some organic compounds as hole scavengers on the reduction
efficiency, a series of experiments were carried out with the
addition of different organic compounds like citric acid, oxalic
acid, and diclofenac sodium at pH 2.0. As shown in Fig. 10(a),
the addition of hole scavengers (citric acid and oxalic acid) in-
creases the photocatalytic Cr(VI) reduction activity of MG-20%,
which might be ascribed to the fact that citric acid and oxalic
acid can consume the photoinduced holes produced by the
MG-20% photocatalyst upon light irradiation (Eq. (5)) [53].
Thus, more electrons can escape from the pair recombination
and become available for the reduction of Cr(VI) under acidic
conditions. Ethanol can also capture photoinduced holes, and it
was found that an increase in ethanol concentration led to fast-
er Cr(VI) reduction, as shown in Fig. 9(b). However, the addi-
tion of diclofenac sodium does not increase the reduction effi-
ciency, as it consumes the hydroxyl radicals, and not photoin-
duced holes.

To investigate the possible mechanism of the photocatalytic
Cr(VI) reduction over MG-20%, the conduction bands (CBs) of
MIL-100(Fe) and g-C3Ns were determined to be -0.11 and
-1.12 V at pH 7.0 (Fig. 11(a) and (b)), respectively, by
Mott-Schottky experiments. From the UV-Vis DRS spectra, the
band gaps of MIL-100(Fe) and g-CsN4 were calculated to be
2.63 and 2.96 eV, respectively. Based on these values, the band
structures of MIL-100(Fe) and g-CsN4 were determined, and a
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Fig. 11. Mott-Schottky plots of (a) MIL-100(Fe) and (b) g-CsN4 in 0.2 mol/L aqueous NazSOa solution (pH 7.0).

schematic diagram is shown in Fig. 12. Electron-hole pairs can
be produced both on MIL-100(Fe) and g-C3N4. Fig. 12 illustrates
the charge carrier path in the MG-20% system. The photoex-
cited electrons from the CB of g-C3sNs4 move to the CB of
MIL-100(Fe), which can suppress the recombination of photo-
generated electron-hole pairs so that more free electrons are

Fig. 12. Possible mechanism of photocatalytic reduction of Cr(VI) and
degradation of diclofenac sodium over MG-20%.

gathered in the CB of MIL-100(Fe). Consequently, MG-20%
exhibits enhanced photocatalytic activity for Cr(VI) reduction
under simulated sunlight irradiation. To further evaluate the
photocatalytic performance of the heterojunction structure, the
MG-20% was tested for the degradation of diclofenac sodium
under different conditions. In the absence of H202, only 65.4%
diclofenac sodium was degraded within 2 h, while 100% deg-
radation was achieved within 50 min after adding H:02, as
shown in Fig. 10(b). The above process can be summarized in
Eg. (3) and Egs. (7)-(8) as a Fenton-like reaction occurs
[54,55].
H20; + H* + e- -» H20 + -OH (7)
Diclofenac sodium + :OH — Products (8)

To assess the practical application potential of the photo-
catalysts, the reusability and stability of MG-20% were also
investigated. MG-20% was stable after a long-term stability test
in an aqueous solution with pH 2.0, for up to 72 h. As shown in
Fig. 13(a), the photocatalytic reduction efficiency of MG-20%
does not obviously decrease after five runs of Cr(VI) reduction,
indicating that the photocatalyst is highly stable and can be
used for repeated treatment of Cr(VI). Moreover, the XRD pat-
terns (Fig. 13(b)) of MG-20% before and after the photocata-
lytic reaction indicated that the crystal structure of MG-20%
was not destroyed even after five cycles of the reaction. It can
be concluded that MG-20% is stable during the photocatalytic
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Fig. 13. (a) Reusability of MG-20% in the reduction of Cr(VI); (b) XRD patterns of MG-20% before and after the photocatalytic reaction.

process.
4. Conclusions

The facile fabrication of a series of photocatalytically active
MIL-100(Fe)/g-CsN+ (MG-x) hybrids was accomplished. The
optimal MG-20% hybrid demonstrated excellent photocatalytic
activity for Cr(VI) reduction and organic pollutant degradation
under simulated sunlight irradiation, which was superior to
that of pure MIL-100(Fe) and g-C3Na. The results of electro-
chemical measurements and PL emission revealed that the
enhanced Cr(VI) reduction was due to the efficient interfacial
charge transfer from the photoexcited g-CsN4 to MIL-100(Fe).
The different hole scavengers and pH value of the reaction so-
lution played important roles in the photocatalytic Cr(VI) re-
duction. In the photocatalytic system, the addition of ethanol,

citric acid, or oxalic acid facilitated the photocatalytic Cr(VI)
reduction as the photogenerated holes were easily consumed.
Cyclic experiments also indicated the reusability and stability of
MG-x for the photocatalytic Cr(VI) reduction. This work further
demonstrates the great potential application of versatile MOFs
and economic g-C3N4 for the development of active hetero-
structured photocatalysts for environmental remediation.
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R A PR BB T MIL-100(Fe)/g-CoN, S R ES AR AL Cr (V1) B FIRL 1 354 4%
a2
We RRREY F e pa

S EERAAFEAEN ST HEBE S AT T E A LR E, JLx100044
"R TV AFFEESEIREFRMAEE LT %, 3100022

MHEALL gt E

WE: AHESEETC(V) Z N TR B BRI BURMII AT b, PRI AR A R K AT 7K s WL 75
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. FEHEAIEJFECr(VI) I Cr(HN)FI FH AT R4 REVR R BH 8, 2 IR B E i 4 i) 8 L4 2 )12 KiE. g-CiNgie —FiiEa
e PELF B AW WG e AT kL, B B LR RV S A2 R 5 B A S5 . i — D1 mg-CoNL Il
TEALRCR, NITE R T &R B2 A48}, 11g-CaN4/Bi,WOs, g-C3N4/SiW 3 A1g-CsN,/ZNnsV,0,(0H),(H,0),%.

ASCIE L AR R BRI e vk % T A R - WL B REMIL-100(Fe) 5 25 SR 45 AL (g-CaNy) IR 45 45
FJ(MG-X, X = 5%, 10%, 20%7F130%, {RFERMIL-100(Fe) 5 =AW 70 50), F0E A M BT T8 KX 264755 (PXRD)
AHMERE(FTIR). AE(TGA). BEH EBE(TEM). K 4h-1] W8 R G (UV-Vis DR)FIZ Gk (PL)SERAE. LI T
MG-XTE UL BH ISR T A AL I8 SR Cr(VI) R B R DU BN I VERE, 52 17 Ul RSB FriER. SRR AR S
TR ) A pHAEL (2-8) X YA AL A JELCr(VI) RO (I 5.

SEid 4 LR B PXRDE B2 os H AW TSI AL B 1 5 MIL-100(Fe) & g-CaNo FI WA B HHWI &, BRBE FIMEBS J5 0 9T
SHigr= . TEME R E B E G901 g-CoNyfit & fEMIL-100(Fe) & 1. JEHE80 minj&, MG-xE A W1IL 5 R 3K T-92%, 1=
T-MIL-100(Fe)(75.6%)H1g-C3N4(79.8%) Ik JF 2%, Hirh, MG-209% ) 6 A AL I P 55 i, 18 JE AR 15 5197.0%, HE JF Cr(VI1)
FRI3E 2 43 3] MIL-100(Fe) (1) 3.081 Allg-C3N, 112,311, B MIL-100(Fe) & & HI8 hn, B &Y H0GMEAk 1% M e 5. X2
KA MIL-100(Fe) & & FI38 IAMYE FI T f fuf (056 %, A R T 0] WG IR, SR10 I 2 ({IMIL-100(Fe) 1T 6 £ 521 57 T 25
R B, ASFIT BT A6 RS, Bl 5 T T pHAEL Y A 24 7 218, 38 JE AR M 98%6 BE MK £119%. IX & [N N B M 46 1F FH R AT
FIF-Cr(VIIE R Cr(IN), T 24pH>6I, Cr¥* 5 OH TE B Cr(OH)S 17T T B 35 15 AL 77 2 T, 500 65 6 AR UL, B AR T e fh 2k
R YRNARRPIIN CEE AR A B FRET, S b 3R 52 ), TN SUEUS FR AN 5 e M A 2 R WA v, 12 i T /oy
THERAG MU D 6 2 0%, TS IS BRI e S FEMG-20% 77 A6 [ 6 AR 28 71 Ha Ak 25 AR IE B g-CoN, fr e A He
T A RS BIMIL-100(Fe) it S, AW 1 6A B FRDGAE 2 U0 o B ACE, T HE R 1 G AR JECr(VI) S 1. [
B, FEIIANH,0. /41 T, MG-20%7E50 min Ay S {4k B fif XUELS5 B4 (1 25 5534 $1100%.  MG-200%705 #8fi FH5UJi , St Ak
RCR A W 5L AR, AR I XRDE 3 A & AR WAL, A B B IR ir i Aese M. 25 0, AR Fese gt 7 —Fh BAg M
T 51 R 2UMOF/g-CaN, B A W G fE AL,

KHEIR): MIL-100(Fe); g-CaNy; SIS, ANINMEEIRJE; WS T RN

Y45 F #A: 2018-07-24. %= H #1: 2018-09-12. H AR H #: 2019-01-05.
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