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A new coordination polymer, Zn(bpy)L (BUC-21), (H:L = cis-1,3-dibenzyl-2-imidazolidone-4,5-
dicarboxylic acid, bpy = 4,4'-bipyridine), has been synthesized under hydrothermal conditions, and
characterized by single-crystal X-ray analysis, Fourier transform infrared spectroscopy, thermo-
gravimetric analyses, CNH elemental analysis and UV-Vis diffuse reflectance spectroscopy. BUC-21
exhibited an excellent performance for photocatalytic Cr(VI) reduction with a conversion efficiency
of 96%, better than that of commercial P25 (39%), under UV light irradiation for 30 min. BUC-21
could also be used to conduct photocatalytic degradation of organic dyes including methylene blue,
rhodamine B, methyl orange and reactive red X-3B. Also, the photocatalytic activity of BUC-21 re-
mained high across a wide pH range from 2.0 to 12.0. It is interesting to note, however, that BUC-21
was unable to achieve simultaneous reduction of Cr(VI) and degradation of an organic pollutant in a
mixed matrix, which can be attributed to the competition between Cr(VI) and the organic dyes for
access to the photo-excited electrons.
© 2017, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.
Published by Elsevier B.V. All rights reserved.

1. Introduction

poses a risk through secondary pollution. Cr(III), however, is
low-toxic and even beneficial to living organisms, and is also

In recent years, industrial activity has generated large
amounts of wastewater, which often contains high concentra-
tions of organic pollutants and inorganic heavy metal ions.
Among the heavy metal ions, one of the most common contam-
inants is Cr(VI), which has been classified as a carcinogen and
mutagen because of its high toxicity and harmfulness to most
organisms, including humans [1-3]. Although Cr(VI) can be
removed from aquatic environments by adsorption [4], it still

easily precipitated or adsorbed on inorganic/organic sub-
strates at neutral or alkaline pH [5,6]. Therefore, it is environ-
mentally beneficial to deoxidize Cr(VI) to Cr(III). Another class
of aquatic contaminants is organic dye molecules, which usual-
ly contain benzene rings, making them hard to degrade by
conventional chemical and biological methods [7]. Discharging
of dyes into aquatic environments, even in small amounts, can
pose severe risks to human health [8].
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Photocatalysis is a potential technology for carrying out
Cr(VI) reduction [9], which is more effective and lower in cost
compared with other methods like electro-reduction [10-12]
and chemical reduction [13-15]. Meanwhile, photocatalysis can
also be used to decompose organic pollutants into biodegrada-
ble or less toxic compounds, or even into inorganic COz, H20,
NOs3- and halide ions [7,16]. TiO2 has been reported as an effec-
tive photocatalyst for these reactions because of its high activi-
ty, low toxicity, low cost and good stability and durability
[17-19], although it suffers from low photocurrent quantum
yield, difficult post-separation and the tendency toward ag-
glomeration [20,21]. CdS, SnS2z and WOs have been used as
photocatalysts under visible light irradiation [22-30], but their
effectiveness was limited by their poor efficiency and slow rate
[31]. Consequently, it has become urgent to find new efficient
photocatalysts for the reduction of Cr(VI) and degradation of
organic pollutants.

Coordination polymers (CPs) have gained much attention
for their fascinating architectures and potential applications in
photocatalysis [7,32], conventional catalysis [33,34], separation
[35,36], CO2 capture [37,38], gas storage [39,40], pollutant ad-
sorption [41,42] and other processes [43-45]. Because of the
catalytically active metal sites and the synergistic effects of the
metals with functional organic ligands, along with the large
surface area and permanent pores, CPs show great potential
opportunities for heterogeneous photocatalysis, including Hz
production, Cr(VI) reduction and organic-pollutant degradation
[46-50]. Zhao et al. [51] reported the reduction of Cr(VI) with
high efficiency by NNU-36 ([Znz(BPEA)(BPDC):]-2DMF). Shen
et al. [52] demonstrated that the Pd@UiO-66(NHz) nanocom-
posite exhibited excellent photocatalytic reduction of Cr(VI),
and even showed enhanced activity in a binary system of Cr(VI)
and organic dyes. Wang et al. [53] developed ZnO@ZIF-8
core-shell heterostructures, which were utilized to perform
selective photoreduction of Cr(VI) from mixed Cr(VI)/MB solu-
tion (MB = methylene blue). Besides these 3D materials, 2D
layered materials and their composite photocatalysts also have
many unique properties, such as tunable band gaps, which can
enhance their photocatalytic performance [54-56]. In sum-
mary, these previous reports revealed the potential application
of photocatalysts based on CPs (including metal-organic
frameworks, MOFs) to reduce Cr(VI) to Cr(IlI) and degrade
organic pollutants in wastewater.

Herein, the primary ligand 1,3-dibenzyl-2-imidazolidone-
4,5-dicarboxylic acid (HzL) and the secondary ligand rigid
4,4'-bipyridine (bpy) were selected to construct a new CP,
Zn(bpy)L (named BUC-21). To the best of our knowledge, this
is the first use of HzL as a linker to build a CP. The current work
demonstrates that BUC-21 exhibits an excellent reusability and
much higher Cr(VI) reduction efficiency and reduction rate
than those of P25 under the same conditions. Meanwhile,
BUC-21 shows high photocatalytic activities for degradation of
organic dyes, including cationic methylene blue (MB) and rho-
damine B (RhB) and anionic methyl orange (MO) and reactive
red X-3B (X-3B). In a matrix system containing both Cr(VI) and
an organic dye, however, both the Cr(VI) reduction rate and the
organic-pollutant degradation rate are decreased. A possible

mechanism for this effect is proposed.
2. Experimental
2.1. Preparation

All commercially available chemicals were reagent grade,
and used as received without further purification. Fourier
transform infrared (FTIR) spectra were recorded in the region
ranging from 4000 to 400 cm-! on a Nicolet 6700 infrared
spectrophotometer with KBr pellets. Thermogravimetric anal-
yses (TGA) were performed from 80 to 800 °C in an air stream
at a heating rate of 10 °C min-! on a DTU-3c thermal analyzer
using a-Al203 as reference. Ultraviolet-visible (UV-vis) diffuse
reflectance spectra of solid samples were measured by a
PerkinElmer Lambda 650S spectrophotometer, in which BaSO4
was used as the standard with 100% reflectance.

2.2. Synthesis of BUC-21

A mixture of ZnClz (0.3 mmol, 40.89 mg), bpy (0.3 mmol,
46.85 mg) and HzL (0.3 mmol, 106.31 mg) was sealed in a 25
mL Teflon-lined stainless steel Parr bomb containing deionized
H20 (18 mL), heated at 160 °C for 72 h, and cooled down slowly
to room temperature. White block-like crystals of C20H24N40sZn
(BUC-21, yield 82% based on ZnClz) were isolated and washed
with deionized water. Anal. Calcd. for BUC-21, C20H24N40OsZn: C,
60.6%; N, 9.8%; H, 4.2%. Found: C, 60.8%; N, 9.9%; H, 4.3%.
FTIR (KBr)/cm-1: 3575, 3434, 3057, 2920, 2861, 2463, 1961,
1645, 1536, 1493, 1417, 1281, 1220, 1141, 1070, 1047, 1033,
1015, 965, 949, 915, 860, 813, 762, 745, 726, 703, 673, 643,
619,570,519, 484.

2.3. X-ray crystallography

X-ray single-crystal data collection for BUC-21 was carried
out with a Bruker CCD area detector diffractometer with
graphite-monochromatized Mo K. radiation (A = 0.71073 A)
using the ¢-w mode at 298(2) K. The SMART software [57] was
used for data collection and the SAINT software [58] for data
extraction. Empirical absorption correction was performed
with the SADABS program [59]. The structure was solved by
direct methods (SHELXS-97) [60] and refined by
full-matrix-least squares techniques on F2 with anisotropic
thermal parameters for all of the non-hydrogen atoms
(SHELEL-97) [60]. All hydrogen atoms were located by Fourier
difference synthesis and geometrical analysis. These hydrogen
atoms were allowed to ride on their respective parent atoms.
All structural calculations were carried out using the SHELX-97
program package [60]. Crystallographic data and structural
refinement for BUC-21 are summarized in Table S1. Selected
bond lengths and angles are listed in Table S2.

2.4.  Evaluation of photocatalytic activity

The working electrode was prepared on a fluorine-doped
tin oxide (FTO) glass, which was cleaned by sonication in etha-
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nol for 15 min, and then dried under air. The FTO slide was
dip-coated with 10 pL of slurry, which was obtained by mixing
5.0 mg BUC-21 powder (with particle sizes less than 0.074
mm) and 0.3 mL ethanol under sonication for 2 h. During
dip-coating, the side part of the FTO slide was protected using
Scotch tape. A copper wire was connected to the side part of
the FTO glass using conductive tape. The uncoated parts of the
electrode were isolated with an epoxy resin, and the exposed
area of the electrode was about 0.25 cm2. The electrochemical
measurements were performed in a conventional
three-electrode cell, using a Pt plate as counter electrode and a
saturated Ag/AgCl electrode as reference electrode. Before
measurement, the working electrodes were immersed in a
Naz2S04 aqueous solution (0.2 mol L-1) for 30 s. The photocur-
rents were measured with a Metrohm PGSTAT204 work-
station. A UV lamp with optical power efficiency of 142 mW
cm-2 (Beijing Perfectlight Co. Ltd.) was used as a light source.

2.5.  Photocatalytic tests

The photocatalytic experiments for Cr(VI) reduction from
K2Cr207 aqueous solution were conducted at ambient condi-
tions in a quartz reactor containing 15.0 mg photocatalyst and
200 mL of 10 mg L-t Cr(VI) solution. After stirring for 30 min to
reach adsorption-desorption equilibrium, the suspensions
were irradiated by a 500-W Hg lamp (Beijing Aulight Co., Ltd).
During the photocatalytic degradation experiments, 1.5 mL
aliquots were extracted at 3 min intervals for analysis. The
Cr(VI) content in the supernatant was determined colorimetri-
cally at 540 nm using the diphenylcarbazide (DPC) method.
Additionally, two cationic organic dyes, MB (10 mg L-1) and
RhB (10 mg L-1), and two anionic organic dyes, MO (10 mg L-1)
and X-3B (50 mg L-1), were selected as organic pollutant mod-
els to evaluate the photocatalytic performances of BUC-21 un-
der the same conditions. A Laspec Alpha-1860 spectrometer
was used to monitor the concentration changes determined at
the maximum absorbance of 664, 554, 463 and 540 nm for MB,
RhB, MO and X-3B, respectively.

(2

Fig. 1. (a) Asymmetric unit of BUC-21; (b) Coordination polyhedron for
Zn(1l) atoms; (c) 2D network and (d) Packing diagram for BUC-21
(orange sticks and yellow sticks represent L and bpy, respectively).

3. Results and discussion
3.1. Crystallographic structure analyses

The crystal structure analysis revealed that the asymmetric
unit of Zn(bpy)L is built up of one Zn(II) atom, two bpy ligands
and two monodentate bridging carboxylate groups from two
different L2- groups (Fig. 1(a)). The Zn-N and Zn-O distances
are in the range of 2.049-2.050 A and 1.928(4)-1.959(5) A,
respectively, which are comparable to previously reported
values [61]. The Zn(II) atoms, adopting tetrahedral geometries
as illustrated in Fig. 1(b), are linked into 1D chains by com-
pletely deprotonated L2- groups along the a-axis, which are
further joined into a 2D framework by rigid bpy ligands, as
shown in Fig. 1(c) and (d).

3.2. Characterization

BUC-21 was stable under air, and stable and insoluble in
water and common organic solvents, including ethanol,
methylbenzene, chloroform, ether, DMSO and DMF. The FTIR
spectrum of BUC-21 was recorded, and as depicted in Fig. S1,
the band at 2861 cm-! can be assigned to v(-CHz-) vibrations
[62]. The strong and broad bands at 1645 and 1417 cm-! are
ascribed to the asymmetric and symmetric vibrations, respec-
tively, of carboxyl groups. The bands at 1220 and 1141 cm-!
can be assigned to the v(C-N) vibrations of the phenyl rings.
The thermal stability of BUC-21 was examined by TGA, which
established that the framework of BUC-21 was stable up to 340
°C (Fig. S2). The optical properties of BUC-21 were investigated
by UV-vis diffuse reflectance spectrophotometry (UV-vis DRS).
As shown in Fig. 2, the sample absorbed light in the UV region.
The band gap (Eg) value was estimated using the Kubel-
ka-Munk function, F = (1 = R)2/2R [63], where R is the reflec-
tance of an infinitely thick layer at a given wavelength. The F
versus E plot is shown in Fig. 2 (inset), where a steep absorp-
tion edge is displayed and the Eg value of the sample can be
assessed at 3.4 eV, implying that BUC-21 is a potential
wide-gap photocatalyst [64,65].

K-M function

Absorbance

v T v T v T v T v T v
200 300 400 500 600 700 800
‘Wavenumber (nm)

Fig. 2. UV-vis spectrum of BUC-21. The inset shows the Kubel-
ka-Munk-transformed diffuse reflectance spectrum of BUC-21.
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3.3.  Photocatalytic performance

Previous studies have shown that the reduction rate of
aqueous Cr(VI) over photocatalysts is greatly influenced by the
pH values [2,52]. Theoretically, the Cr2072- anion is predomi-
nant in solution under acidic conditions. To obtain the optimum
reaction conditions, controlled experiments were first carried
out with the addition of different amounts of H2S04 solution
(1:1, v/v). As shown in Fig. 3, the pH greatly influenced the
photocatalytic activity of BUC-21. As the pH was successively
decreased from 4.0 to 2.0, the reduction rate of Cr(VI) markedly
increased. At pH = 1, however, the photocatalytic activity was
significantly lower than at pH = 2 or 3, possibly because of de-
struction of the framework of BUC-21 (Fig. S3). The efficiency
of photocatalytic Cr(VI) reduction was even poorer under alka-
line conditions (not shown). As mentioned above, the predom-
inating species of Cr at pH 2-4 is Cr2072- [52,66]. Therefore, the
proposed reactions may be described by Egs. (1) and (2):

BUC-21 + hv - BUC-21 (e~ + h+) (8]
Cr2072- + 14H* + 6e- — 2Cr3+ + 7H20 (2)

The Cr(VI) reduction efficiencies of HzL, BUC-21 and com-
mercial P25 under UV light irradiation are shown in Fig. 4.
About 39% and 59% of the initial content of Cr(VI) was deoxi-
dized after 30 min in the presence of P25 and H:L as photo-
catalysts, respectively. In comparison, the reduction rate was
significantly increased in the presence of BUC-21, which
achieved a reduction efficiency of 96% within 30 min. The ex-
tent of Cr(VI) reduction was minimal in the absence of photo-
catalyst or light, implying that the removal of Cr(VI) could be
classified as a photocatalytic process.

To further characterize the photocatalytic behavior of
BUC-21, four organic dyes (MB, RhB, MO and X-3B) were se-
lected to perform degradation experiments under UV light ir-
radiation. For comparison, control experiments were conduct-
ed in two different systems, under identical conditions to the
main experiments except for the absence of light (but presence
of photocatalysts) in one system, and the absence of photo-
catalyst (but presence of UV irradiation) in the other. The ad-
sorptive removal rates of the four selected organic dyes in the
presence of BUC-21 in the dark were negligible, as shown in

1.0

0.8

0.6

arc,

0.4

0.2

0.0

L] L] L] L]
0 5 10 15 20 25 30
Time (min)

Fig. 3. Photocatalytic Cr(VI) reduction over BUC-21 under UV light
irradiation at different pH.

| —=— without photocatalyst
0.24 —e— no light

| ——P25

—v—BUC-21

——HL

) L) ) ) ) L) )
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Fig. 4. Photocatalytic reduction of Cr(VI). Reaction conditions: 15 mg
photocatalyst, 200 mL Cr(VI) (10 mg L), pH = 2.0.

Fig. 5. In the absence of any photocatalyst, ca. 20% MB, 16%
RhB, 15% MO and 53% X-3B were decomposed after 30 min
UV irradiation, and with the HzL ligand as photocatalyst, 61%
X-3B was decomposed. In comparison, BUC-21 exhibited out-
standing UV-photocatalytic activities, degrading 93% MB, 97%
MO and 100% X-3B in 30 min. These photocatalytic activities of
BUC-21 are much higher than those in previous reports
[67-71]. Besides, it should be noted that X-3B was completely
removed by BUC-21 within only 9 min, which was faster than
the time required by P25 (24 min) under the same conditions.
A comparison of the performance of BUC-21 with those of pre-
vious 2D catalysts is listed in Table 1.

Furthermore, the photocatalytic activity of BUC-21 for sim-
ultaneous Cr(VI) reduction and dye degradation in a
Cr(VI)/dye mixed system was investigated at pH = 2.0. As dis-
played in Fig. 6, for the mono-component systems, the Cr(VI)
reduction and X-3B degradation efficiencies were 96% and
100%, respectively, within only 15 min. In the Cr(VI)/dye
mixed system, the efficiency of Cr(VI) reduction was still ca.
96%. However, the removal percentage of X-3B was signifi-
cantly decreased to 68%. It is well known that both holes (h*)

1.0
0.8 e MB
—s— MB/BUC-21
0.6 MO
- MO/BUC-21
g ——RhB
0.4+ —<—RhB/BUC-21
—0—X-3B
0.2 —o— X-3B/BUC-21
—e—X-3B/P25
——X-3B/H,L
0.0
L) L) L) L) L) L) L)
-30 20 -10 0 10 20 30
Time (min)

Fig. 5. Photocatalytic degradation of MB, RhB, MO and X-3B solution by
BUC-21. Experimental conditions: 15 mg photocatalyst, 200 mL of 10
mg L-1MB, RhB, MO, 50 mg L-1X-3B. Initial pH: MB 7.7, MO 7.6, RhB 6.8,
X-3B4.3.
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Table 1

Comparison of the photocatalytic performances of various 2D photocatalysts.

Catalyst/mg Pollutants/mg L-! Irrigation Time/min Efficiency (%) Ref.
Zn0/50 MO0/20 uv 540 8 [72]
[Zn(L)(bpy)CH3CN]./50 RhB/10 uv 100 29 [73]
BiOBr/50 RhB/30 vis 1500 92 [74]
Ni(bismip) (bpy)(H20)2/40 MB/10 uv 180 80 [75]
N-K2Ti409/Ui0-66-NH2/20 MB/5 vis 180 92 [76]
g-C3Na/MIL-53(Fe)/20 Cr(Vl)/10 vis 180 100 [48]
g-C3Na/30 Cr(vl)/10 vis 180 5 [77]
Co-TNSs/100 Cr(VD)/50 vis 140 70 [30]

L = 5-aminoisophthalic acid; bismip = 5-(1H-benzoimidazol-2-ylsulfanylmethyl)-isophthalic acid; TNSs: CoOx-loaded TiO2-based nanosheets.

and electrons (e-) are produced in a photocatalyst under light
irradiation. Cr(VI) is reduced to Cr(III) by e-, while many dyes
can be oxidized by h*[52,78]. On this basis, one would expect
both the reduction of Cr(VI) and degradation of X-3B to be en-
hanced in the mixed system. Instead, the photocatalytic degra-
dation of X-3B was decreased, and the reduction of Cr(VI) was
not improved. To explain this observation, we propose that the
X-3B was not oxidized by the holes but by -02" radical anions,
which were generated by the reaction of e- and O2. In the mixed
system, the e- were consumed by Cr(VI), resulting in the de-
creased rate of X-3B degradation.

To prove the assumption that the X-3B was photocatalyti-
cally degraded by -0z, benzoquinone (BQ) was introduced as a
scavenging agent to trap -O2z". In a separate experiment, the
potential role of -OH radicals was also investigated by adding
isopropyl alcohol (IPA). The concentrations of both BQ and IPA
were 0.2 mmol L-1. As shown in Fig. 7, the X-3B degradation
rate was significantly restrained in the presence of BQ, which
suppresses -02” activity. Although the degradation proceeded at
a steady rate, the removal percentage was down to 51%. How-
ever, when IPA was added instead, as an -OH scavenger, X-3B
was completely degraded within 24 min, suggesting that -OH
was not the dominant active species involved in the degrada-
tion. It can be concluded that -0z was the main active species,
and -OH was secondary, while the holes played no significant
role in this photocatalytic reaction.

It can be seen from the above experiments that BUC-21 ex-

1.0 4
—0— Cr(VI)
—&— Cr(VI]) in mixture
0.8 —A—X-3B
—&— X-3B in mixture
0.6
&f
© 0.4
0.2
0.0
L] L] L] L] L] L] L]
0 5 10 15 20 25 30
Time (min)

Fig. 6. Photocatalytic reduction of Cr(VI) and degradation of X-3B in
single systems and in mixed system. Reaction conditions: 15 mg
BUC-21, 200 mL of Cr(VI) (10 mg L-1) and X-3B (50 mg L-1), pH = 2.0.

hibited high photocatalytic activities towards Cr(VI) and or-
ganic pollutants in acidic and neutral solutions. In a further set
of experiments, a solution of X-3B (initial pH = 4.3) was select-
ed to study the photocatalytic activity of BUC-21 in alkaline
conditions. As the pH value was successively increased from 6
to 12, the photocatalytic efficiency of X-3B degradation was
markedly improved (Fig. 8). This relationship between the
degradation rate of X-3B and the pH of the solution may be
related to either the protonation/deprotonation of the basic

1.0
—a—JPA
0.8 —=&— no scavenger
0.6
go
© 0.4
0.2 4
0.0 4
) L) ) L) ) L) )
0 5 10 15 20 25 30
Time (min)

Fig. 7. Effects of different scavengers on degradation of X-3B in the
presence of BUC-21. Reaction conditions: 15 mg BUC-21, 200 mL of
X-3B (50 mg L-1), 0.2 mmol L-! scavengers.

L] L] L] L] L]
0 5 10 15 20 25 30
Time (min)

Fig. 8. Degradation of X-3B over BUC-21 under neutral and alkaline
conditions.
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Fig. 9. (a) Cycling performance of the reduction of Cr(VI) and degradation of MB, RhB, MO and X-3B over BUC-21; (b) PXRD patterns of BUC-21 be-
fore and after photocatalytic reaction and the simulated XRD pattern from the single-crystal structure of BUC-21.

sites present in the dyes, or the formation and stability of active
intermediates responsible for decomposition, both of which are
pH-dependent [79]. An alternative explanation is the greater
concentration of hydroxide ions (OH™) in the solution at higher
pH, which induced the generation of hydroxyl free radicals
(-OH) [80]. Under acidic conditions, -OH played only a second-
ary role in decomposing X-3B (Fig. 7), probably because of its
low concentration. However, at higher pH values, the degrada-
tion of X-3B was effectively promoted by the greater concen-
tration of -OH. In conclusion, BUC-21 is stable (Fig. S3), and is
especially effective towards organic pollutants across a wide
range of pH from 2 to 12.

The recyclability and stability of BUC-21 were tested by
performing repeated usage cycles under identical reaction con-
ditions. As shown in Fig. 9(a), the reduction rate of Cr(VI) over
BUC-21 stayed above 95%, and the removal of the four select-
ed organic dyes showed only a small decrease, after three runs’
photocatalytic reactions, indicating that BUC-21 was highly
stable and reusable. Moreover, the PXRD pattern of the used
photocatalyst matched well with the simulated pattern based
on the single-crystal data. It can be seen from Fig. 9(b) that the

nnnfne
RV AVARRVANAN

L] L] L] L] L] L] L]
80 160 240 320 400 480 560
Time (sec)

Fig. 10. Transient photocurrent response of BUC-21 in Na,SO4 aqueous
solution (0.2 mol L-1) under UV light irradiation.

crystallographic structure and morphology of the catalyst un-
derwent no noticeable change during the experiments, imply-
ing the good reusability and high stability of BUC-21 for Cr(VI)
reduction and dye decomposition.

The transient photocurrent responses of BUC-21 under in-
termittent UV light irradiation are illustrated in Fig. 10, in
which it is clear that BUC-21 coated on FTO glass showed
strong photocurrent responses, which rapidly decayed as soon
as the light was switched off. These results indicate that
BUC-21 can be photoexcited to generate electron-hole pairs,
which can then be separated efficiently, implying the good po-
tential of BUC-21 for practical use as a photocatalyst.

Most CPs and MOFs, with the exception of MOF-5 [81], be-
long to the class of molecular photocatalysts, whose mecha-
nisms are usually explained in terms of frontier molecular or-
bital theory [7]. A possible mechanism for the photocatalytic
reduction of Cr(VI) and degradation of organic dyes over
BUC-21 is proposed [7,82,83]. As illustrated in Fig. 4(b), under
light irradiation, an electron (e-) is excited from the highest
occupied molecular orbital (HOMO) to the lowest unoccupied

uv
- ---==== 1
1 Cr(IlI) !
[m———————— | i 1
: 0, ! LOMO ! :
1 : e e e \ Cr(VD)
1 | [
| 0, ! [ P
! 1
| r\ i H,0
! 1
: ic products'
| organic " — )
| AN C OH + H*
! 1

dyes

HOMO
e e e e e e - = J r\
organic  products
dyes

Fig. 11. A simplified model of the photocatalytic reaction mechanism in
BUC-21.
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molecular orbital (LUMO), producing a hole (h+) in the former.
The photo-induced electron in the LUMO is usually easily lost,
and either takes part in the reduction of Cr(VI) to Cr(III), or is
transferred to dissolved Oz to generate 02, which can then
oxidize a dye molecule. The HOMO, however, strongly demands
one electron to return to its stable state. Therefore, one elec-
tron is captured from a water molecule, which is oxygenated
into -OH. The -OH radicals can further decompose organic dyes.

4, Conclusions

In summary, the synthesis of a new coordination polymer,
BUC-21, has been accomplished. BUC-21 exhibited excellent
reusability, and much higher performance for photocatalytic
reduction of Cr(VI) and degradation of dyes than P25 under UV
light illumination. Moreover, the photocatalytic behavior of
BUC-21 in a mixed system of Cr(VI) and dye was also studied.
In the mixed system, the reduction of Cr(VI) was not promoted,
while the degradation of X-3B was significantly reduced, rela-
tive to the mono-component systems. The lower degradation
rate of X-3B resulted from the consumption of photo-excited
electrons by Cr(VI), limiting the generation of -02", which was
the main active species needed to decompose X-3B.
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—MIRE —HE IR SR T A EUERC(VD) R EREEINIERY

FHEE, R, FEEY, BRAEY
hHBAKAY, BALHEIEBE AR E K LI E/ R T AL AR PG, 4100044
PR T AFIE S IE TEER, hEE5MTZ, 3100022

WE: T By =AM RKES EER S TRE IS R EK, SHREMARERRRAGEE. ikt —FE
B BRTE R H AR KRB AR, oG I o A B /N o T IR BRI BRI, RN LR ALK
FH7K; AMERER R MNE S BT VI E MBS LHESE, WlEC(VDIRIE NCr(IID), R AsIIDAMNASVY). 15
B TG ARG . EE S WS, RE T HEPrMA. i, Ak B8R %, EERLEm
R 5 R AR, SEGHME R, KRR R 8Os M L 7 R 8 2

AR KPR A R T —Fhr BUEE AL B & Y0 Zn(bpy)L (BUC-21) (H,L = JIii1,3- — & Bk Me-2-Ff-4,5- —FRIR, bpy=4, 4’-
R IE). XTBUC-213HT 7 A 454 W A5 e 21 4M G (FTIR) . #AVEE(TGA). CNHIT & 20 H7 F148 41- 1] W8 [ 5 (UV-vis DRS)
TEW I RFVERAE, FHIEBEC(VDRPU Rl A HLYRHE N H b5i5 B IR AT BUC-21 G b 1 RE.

SZERFRI, BUC-211£340 °CLL TR e fRFFE 28%00E, HABRIE(E) N34 eV. HIMDERIGT30 min/5, BUC-21%Cr(V])
PR TTILF196%, 2t T AH A T Bl — 5L ERP25(39%). Ak, BUC-21IE e P A T 3£ i (MB) . % 1]
B(Rh B). HEBMO)FIE L X-3B(X-3B)E A LGN G, HEMERERFEML TP25. thin, R, P255%
SRR fRX-3BFEFE2] min, MBUC-21{{ 79 min, FFBUC-21E4 LLP25 5 7 G A IG . HBUC-21 7 T HI kit
JRCr(VI) S5 BEARX-3BI N, 45 RFH, BA—GRYH DTS, Cr(VI)IE R AR YR R BEG. 15 T R IE
SEIG A RAEN, & LA SRR E T Co(VDIEFE 76l 7, M E E B R0, WA, -0, Z2FMX-3BH
BRI, AN, BUC-21 LA 1R L F TR BRI B RE, BEAEpHIE J2- 1238 Bl N (e fa e, H R B ibimtit. 75
RSO R, BUC-21LEAT R A7 IS e 14 A 8 52 ) FH 4.

KHRIA): Jeflk; Cr(VDIRJR, BAHLERL AR EY, FE

Yo AE B #: 2017-10-04. 3% B #1: 2017-10-26. H B H #1: 2017-12-05.

*EANEE R AL BIE/MEE: (010)61209186; = 44 : chongchenwang@126.com

“EIEE A A T4 jgdeng@bjut.edu.cn

HeRIE: BREARNFLEL(G1578034); LWL ERBFHELE X NE B Z T HEET R EH(KZ201410016018); & T F A
I AR A #(2016023); Ao ow 78 & A & B R A 5l # 5 31T X Kl 3 P & #0F Bk & &1t %] (IDHT20170508).

AR CHY B, F IR 4 S Elsevier ) AR 4 72 ScienceDirect b H A (http://www.sciencedirect.com/science/journal/18722067).



