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Green Oxidative Degradation of Methyl Orange with Copper(II) Schiff Base
Complexes as Photo-Fenton-Like Catalysts

Bao-Li Fei,*[a,b] Qing-Ling Yan,[a] Jiang-Hong Wang,[a] Qing-Bo Liu,[c] Jian-Ying Long,[c]

Yang-Guang Li,[d] Kui-Zhan Shao,[d] Zhong-Min Su,*[d] and Wei-Yin Sun*[b]

Keywords: Schiff bases; Copper;L Methyl orange; Photocatalytic degradation; Fenton-like reaction

Abstract. Two copper(II) complexes, namely [Cu(HL)Cl] (1) and
[Cu(HL)Br](2),whereHListhemultidentateSchiffbaseN-[(2-oxy-acetate)-
benzyl]-2-aminothanol, were synthesized and fully characterized. The
CuII ions in 1 and 2 are pentacoordinate and the coordination arrange-
ment is best described as distorted square-pyramidal. The degradation

Introduction

Azo dyes represent an important class of environmental
water contaminations due to their toxicity and slow degrada-
tion.[1] To avoid the dangerous accumulation of such dyes in
environment, it is urgent to develop effective methods to de-
grade this type of pollutant to less harmful compounds or more
desirable mineralization products. Methyl orange (MO,
Scheme 1) is a widely used sulfonated azo dye and is often
chosen as pollution model in water treatment industry. Intense
work has been undertaken for degradation of MO into harm-
less products. Non-destructive technological processes, such as
traditional physical and chemical techniques are not suitable
for the degradation of MO.[2] Although biological treatment
methods for the degradation of MO has appeared in litera-
ture,[3,4] the environmentally-friendly advanced oxidation pro-
cesses (AOPs) based on the in situ generation of hydroxyl radi-
cal (·OH), which degrades most organic pollutants quickly and
non-selectively, have been explored to act as alternatives to the
conventional and biological treatment methods. It is reported
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of methyl orange (MO) was investigated using 1 and 2 as homogen-
eous photo-Fenton-like catalysts. 1 and 2 exhibited similar catalytic
activity at neutral pH. The results suggest that they have advantages
on catalyzing efficient degradation of organic dye through photo-Fen-
ton-like reaction.

that AOPs are effective techniques to degrade a wide range of
azo dyes.[1] Fenton reaction (Fe2+ or Fe3+/H2O2) and Photo-
Fenton reaction (H2O2/Fe2+ or Fe3+/UV) are regarded as two
of the most promising AOPs for the treatment of dye contami-
nated water, due to advantages such as safety, simplicity, clean-
liness and energy conservation without causing secondary pol-
lution.[5,6] The incorporation of UV radiation into the Fenton
process causes a dramatic increase in the ·OH formation effi-
ciency.[7] Such processes have the ability to completely decol-
orize and partially mineralize dyes in short reaction time.[7]

Scheme 1. Structural formula of methyl orange (MO).

The FeII based Fenton reaction and its modifications have
been used for removing various pollutants.[8] However, Fen-
ton’s reagent can work only in a narrow acidic pH range (pH
2–4) and are not able to completely decompose some dyes;
these drawbacks limited its wider application.[9] Consequently,
to develop novel Fenton-like reagent with higher and practical
activity is a challenging issue. Few research groups have trans-
ferred their attention to the investigations on the similar reac-
tions based on CuII, because copper-based radicals generating
systems have been used for the degradation of lignin.[10] CuII

can replace FeII for similar uses in a wider pH (3–9) range and
a broad substrate specificity.[11] After copper ion is coordinated
with pyridine, organic acids, amino acids, and other chelating
agents in water solutions, its catalytic activity as Fenton-like
reagent will be dramatically enhanced.[8,9,11–13] Masarwa et al.
pointed out that copper(II) complex/H2O2 system in aqueous
solution could be considered as Fenton-like reagent.[14] Cop-
per(II) complexes can activate H2O2 to produce active oxygen
species, but the exact active oxygen species and their catalytic
mechanisms were not confirmed yet.[14] Furthermore, the
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structures of the most documented catalysts are usually not
very distinct, which makes the structure-activity relationship
remain unclear. Barb and Kadiiska proposed that a series of
radical species including ·OH and HO2

·/O2
·– were involved in

this kind of catalysis.[14] Therefore, it is necessary to clarify
these cloudy points about copper(II) complex based Fenton-
like system.

Singh et al. reported that iron(II) Schiff base complex
[FeIII-salen]Cl can be used for photo-remediation of pollutants
(dye),[8] but whether copper(II) Schiff base complex can take
the similar function is still unrealized. If it can, what kinds of
reactive species should take the responsibility to degrade dyes?
Whether the crystal structure has a close relationship with the
catalytic ability? To the best of our knowledge, no literature
answers these questions especially the second one. So, it is
important to use well defined complexes with some similarities
in Fenton related reaction, the results of such investigation will
provide useful clue to design new efficient Fenton-like reagent.

In this work, application of copper(II) Schiff base com-
plexes as photo-Fenton-like catalysts for the degradation of
persistent organic dye MO is reported. It is the first time that
simple copper(II) Schiff base complexes with similar crystal
structure were used as catalysts for the photo-remediation of
dye polluted water. It is meaningful that the copper(II) Schiff
base complexes utilized in this work show significant Fenton-
like reagent performance. This model system may be appli-
cable to the effective treatment of organic pollutants in
wastewater.

Results and Discussion

Description of the Structures

The complexes [Cu(HL)Cl] (1) and [Cu(HL)Br] (2) [L = N-
[(2-oxy-acetate)benzyl]-2-aminothanol] crystallized in the mo-
noclinic space group P21/n, with Z = 4 and Z = 3, respectively.
Structural analysis reveals that 1 and 2 consist of chemically
similar but crystallographically independent two [Cu(HL)X]
units (X = Cl for 1, Br for 2). The crystal structures of 1 and
2 with the atomic numbering scheme are shown in Figure 1.

Table 1. Selected bond lengths /Å and bond angles /° for complex 1.

Cu1–N1 1.909(4) Cu1–O1 1.904(3) Cu1–O3 2.104(3)
Cu1–O4 1.993(3) Cu1–Cl1 2.3632(16)
Cu2–O5 1.912(3) Cu2–N2 1.923(4) Cu2–O8 1.999(4)
Cu2–O7 2.135(3) Cu2–Cl2 2.3140(16)

O1–Cu1–N1 159.78(17) O1–Cu1–O4 97.10(14) N1–Cu1–O4 82.32(15)
O1–Cu1–O3 81.16(12) N1–Cu1–O3 89.05(14) O4–Cu1–O3 149.22(14)
O1–Cu1–Cl1 99.09(11) N1–Cu1–Cl1 99.68(13) O4–Cu1–Cl1 113.25(12)
O3–Cu1–Cl1 97.29(9)
O5–Cu2–N2 157.03(16) O5–Cu2–O8 95.93(15) N2–Cu2–O8 81.52(16)
O5–Cu2–O7 80.34(12) N2–Cu2–O7 88.42(13) O8–Cu2–O7 144.16(16)
O5–Cu2–Cl2 101.97(12) N2–Cu2–Cl2 99.33(12) O8–Cu2–Cl2 117.82(15)
O7–Cu2–Cl2 97.68(9)
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Figure 1. ORTEP views of the molecular structures of 1 (above) and
2 (below) with ellipsoids drawn at the 30% probability level.
Hydrogen atoms are omitted for clarity.

It can be seen that the copper(II) ion of each [Cu(HL)X] unit
is five-coordinate by one imine nitrogen atom, one halide ion,
and three other oxygen atoms from hydroxyl, phenolic hy-
droxyl, and carboxylate, respectively. Selected bond lengths
and angles are listed in Table 1 and Table 2.

As displayed in Figure 1, in the [Cu1(HL)Cl1] unit of 1, N1,
O1, O3, and O4 bind at the basal plane, and the axial coordina-
tion site of the central copper atom is occupied by Cl1. The
angles observed between the axial and equatorial atoms O1–
Cu1–Cl1, N1–Cu1–Cl1, O4–Cu1–Cl1, and O3–Cu1–Cl1 are
99.09(11)°, 99.68(13)°, 113.25(12)°, and 97.29(9)°, respec-
tively. The equatorial Cu–N and Cu–O distances Cu1–N1,
Cu1–O1, Cu1–O3, and Cu1–O4 are 1.909(4) Å, 1.904(3) Å,
2.104(3) Å, and 1.993(3) Å, respectively. The axial Cu1–Cl1
distance [2.3632(16) Å] is longer than any bond length in the
basal plane. The corresponding Cu–N and Cu–O distances in
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Table 2. Selected bond lengths /Å and bond angles /° for complex 2.

Cu1–O6 1.901(3) Cu1–N2 1.919(4) Cu1–O8 1.994(3)
Cu1–O5 2.080(3) Cu1–Br2 2.5417(10)
Cu2–O2 1.907(3) Cu2–N1 1.926(4) Cu2–O4 1.998(4)
Cu2–O1 2.102(3) Cu2–Br1 2.4869(11)

O6–Cu1–N2 161.63(18) O6–Cu1–O8 98.34(16) N2–Cu1–O8 82.74(16)
O6–Cu1–O5 81.94(13) N2–Cu1–O5 89.62(15) O8–Cu1–O5 155.74(15)
O6–Cu1–Br2 97.99(12) N2–Cu1–Br2 99.15(14) O8–Cu1–Br2 107.59(11)
O5–Cu1–Br2 96.32(10)
O2–Cu2–N1 159.4(2) O2–Cu2–O4 96.17(15) N1–Cu2–O4 81.94(17)
O2–Cu2–O1 81.09(13) N1–Cu2–O1 89.44(15) O4–Cu2–O1 147.21(17)
O2–Cu2–Br1 101.58(14) N1–Cu2–Br1 97.79(14) O4–Cu2–Br1 114.95(14)
O1–Cu2–Br1 97.50(10)

the [Cu2(HL)Cl2] unit of 1 are longer than that of the
[Cu1(HL)Cl1] unit, however, the Cu–Cl distance is in the re-
verse order. Each central copper(II) atom of 1 displays a dis-
torted square pyramidal (SPY) arrangement with values of the
structural distortion parameter τ of 0.17 and 0.21 for Cu1 and
Cu2, respectively. The structural distortion parameter is de-
fined as τ = (β–α)/60°, where α and β are the two largest li-
gand–metal–ligand angles. It is a useful geometrical discrimi-
nation, τ = 1 for idealized trigonal bipyramidal (TBPY) (α =
120° and β = 180°) and τ = 0 for idealized SPY arrangement
(α = β = 180°).[15]

The crystal unit of 2 is similar to that of 1 (Figure 1). In the
case of Cu1, the square plane is defined by the N2, O5, O26,
and O8, and Br2 occupies the apical position. The angles ob-
served between the axial and equatorial atoms O6–Cu1–Br2,
N2–Cu1–Br2, O8–Cu1–Br2, and O5–Cu1–Br2 are 97.99(12)°,
99.15(14)°, 107.59(11)° and 96.33(10) °, respectively. The τ
values for the crystallographically independent Cu1 and Cu2
of complex 2 are 0.10 and 0.20, respectively, indicating the
coordination arrangement of each central copper(II) atom is
distorted square pyramidal. By comparison, Cu–N and Cu–O
distances in the [Cu2(HL)Br1] unit of 2 are longer than that
of the [Cu1(HL)Br2] unit, and the apical Cu–Br bond lengths
are 2.5417(10) Å for Cu1 and 2.4869(11) Å for Cu2.

The τ data of 1 and 2 indicate that the copper(II) ions in the
crystal structures of 1 and 2 have similar coordination arrange-
ments. The bond lengths of Cu–Cl are shorter than that of
Cu–Br, similar result has appeared in the literature.[15]

Photo-Fenton Catalytic Activity for the Degradation of MO

MO was selected as model dye to evaluate the photo-Fen-
ton-like catalytic behaviors of 1 and 2, due to its environmental
significance and non-biodegradation. The effect of each reac-
tion conditions, such as concentration of catalyst 1, H2O2, and
MO and pH was studied to optimize the degradation conditions
(Figures S1–S4 in the Supporting Information). The photoreac-
tion was carried out by changing one of the parameters and
keeping the others fixed. Because the two complexes have sim-
ilar structures and catalytic activities only the results of com-
plex 1 are discussed in detail herein.
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Kinetics of MO Degradation

The changes of MO concentration as a function of reaction
time under different conditions are illustrated in Figure 2. It is
observed that MO degraded slowly under UV light illumina-
tion, whereas the reaction rate was evidently enhanced in the
presence of H2O2 alone or catalyst (1/2) combined with H2O2.
A comparison of the different processes leads us to conclude
that the involvement of the photo-Fenton-like catalyst 1/2
sharply improved the degradation efficiency, and 1 and 2 ex-
hibited similar activity under the same concentration. The
reason that 1 and 2 displayed similar catalytic activity is owing
to their similar molecular structure, and the slight difference
in photocatalytic activity is caused by the different coordina-
tion anion radius, which has an effect on the generation rate
of the intermediate product [Cu+·O2H(HL)X] (X = Cl for 1, Br
for 2) (see Supporting Information: proposed reaction path-
ways Section).

Figure 2. Degradation kinetics of MO in different reaction systems.
Experimental conditions: MO, 2�10–5 M; H2O2, 2.40�10–2 M; 1/2,
3.11� 10–6 M; pH = 6.50 for 1; pH = 6.70 for 2. UV light, 300 W.

The degradation of MO in the absence of any external oxid-
izing agent was caused by hydroxyl radicals ·OH produced by
UV photolysis of water [Equation (1)],[16] while in the pres-
ence of H2O2, hydroxyl radicals ·OH were generated by UV
photolysis of H2O2 [Equation (2)].[17] Hence, the reaction rate
was dramatically increased when H2O2 was added to the dye
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solution.[17] The ·OH radical can destroy the dye to generate
intermediate or mineralization products.[18]

H2O + UV � H· + ·OH (1)

H2O2 + UV � 2·OH (2)

In the case of photo-Fenton-like systems, according to
Sawyer and others,[19–21] the Fenton-like catalysts (1/2) en-
hanced the reaction rate through activating H2O2 to generate
the intermediate product [Cu+·O2H(HL)X] (X = Cl for 1, Br
for 2), which could react with another H2O2 molecule to give
·OH (see Supporting Information: proposed reaction pathways
Section).

UV/Vis Spectra of MO during the Photo-Fenton-like
Process

The temporal evolution of the spectral changes of MO for
MO/UV/H2O2/1 system is displayed in Figure 3. In general,
the UV/Vis spectra of MO solution showed two characteristic
absorption peaks at 272 and 465 nm. The UV band at 272 nm
was ascribed to the π�π* transition of the aromatic rings in
the MO molecule, whereas the band in the visible region
(465 nm) was attributed to the conjugated structure formed by
the azo bond under the strong influence of the electron-donat-
ing dimethylamino group.[22] The rate of degradation was re-
corded with respect to the changes in intensity of absorption
peak at 465 nm.

Figure 3. Changes in the absorption spectrum with time observed for
the homogeneous photo-Fenton-like process catalyzed by 1. Experi-
mental conditions: MO, 2�10–5 M; H2O2, 2.40�10–2 M; 1,
3.11� 10–6 M; pH = 6.50. UV light, 300 W.

In the presented study, the maximum absorption band of MO
in the visible region decreased dramatically to about zero in
2 min with no new absorption band appearing in the visible
region. This indicates that the decolorization of the MO was
rather complete. In addition, the absorption peak at 272 nm
developed quickly and diminished all over the spectral window
and no more specific peak can be detected under the current
experimental condition. The disappearance of the absorption
peaks corresponding to MO indicates that MO was degraded.
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Effect of Scavenger on Oxidizing Species

It is generally accepted that ·OH radicals is the main oxidiz-
ing species in the oxidation of azo dye by photo-Fenton-like
reaction. To detect whether other reactive species such as free
superoxide (HO2

·/O2
·–) and singlet oxygen (1O2) also took

some responsibility for the degradation of MO, the photolysis
was conducted in the presence of a series of added scavengers,
NaBr, effective scavengers for ·OH radicals,[23] benzoquinone,
an effective scavenger for HO2

·/O2
·– radicals,[24] and NaN3, an

effective scavenger for 1O2 in separate experiments,[25] while
the other conditions were identical. Although this method is
not absolutely accurate in detecting the oxidizing species, it at
least told us what species were possibly involved in the current
reaction.

Figure 4 shows that all the scavengers suppressed the photo-
degradation rate to some degree. A fact that bromide and azide
ions could coordinate with central copper atoms to compete
with H2O2 and thus retarded the reaction rate to some degree
should be considered. Notably, benzoquinone was reported to
have photochemical reactivity, but it really obstructed the reac-
tion speed in this case. In addition, NaBr and NaN3 showed
different suppressing ability means they mainly acted as scav-
engers. Based on the above mentioned points, the experimental
results shown here leads us to conclude that 1O2, ·OH, and
HO2

·/O2
·– radicals should all take part in the degradation, but

which one is the most important could not be determined at
the moment.

Figure 4. Degradation kinetics of the photo-Fenton-like reactions. Ex-
perimental conditions: MO, 2�10–5 M; H2O2, 2.40�10–2 M; 1,
3.11� 10–6 M; NaBr, 0.1 M; benzoquinone, 0.1 M; NaN3,
4.3�10–4 M; pH = 6.50. UV light, 300 W.

Mineralization Studies

Complete decolorization of MO does not necessary mean
that it was completely oxidized into CO2 and H2O, that is min-
eralization, as reactive intermediates containing benzene rings
can be formed during oxidation. Therefore, it is important to
evaluate the mineralization of organic dye. The mineralization
degree of MO was evaluated by monitoring the change in the
total organic carbon (TOC), as shown in Figure 5. The TOC
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analysis provides information on whether or not MO molecules
are completely converted into CO2 and H2O. TOC0 referred to
the TOC content of the initial MO solution and TOCt referred
to the TOC content of the reaction solution at reaction time t.
Under the optimal conditions, about 73 % (1) and 84% (2)
mineralization in 10 min was obtained. The removal of TOC
achieved confirmed that the photodegradation of MO was ac-
companied by partial mineralization and the decolorization rate
was much faster than mineralization rate. Such high TOC re-
moval rate indicates that some benzene substituted intermedi-
ates and some ring-open up degradation products of benzene
such as formic acid, acetic acid maybe both present in the final
solution.[26,27] Anyway, the results demonstrate that 1 and 2
have some advantage on photocatalytic degradation of dye pol-
lutants.

Figure 5. TOC change of the photo-Fenton-like reactions. Experimental
conditions: MO, 2� 10–5 M; H2O2, 2.40�10–2 M; 1/2, 3.11�10–6 M;
pH = 6.50. UV light, 300 W.

Conclusions

Photodegradation of MO was studied using 1 or 2 as homo-
geneous photo-Fenton-like catalyst. The results show that 1
and 2 were excellent photo-Fenton’s catalysts and the property
was significantly affected by the initial pH and the concentra-
tion of hydrogen peroxide and MO. In addition, the photocata-
lytic property of this type of complex has some relationship
with structure; the coordination anion of the catalyst can affect
the photocatalytic activity in some degree by tuning the steric
hindrance during the process of the formation of the intermedi-
ate product. The photo-Fenton-like reactions were carried out
without the acidification process, this is an important advan-
tage because it is well-known that one major drawback of
homogeneous Fenton process is the narrow acidic pH range,
which is unfavorable in practice due to the costs of acidifica-
tion during processing and neutralization after treatment. It
was very likely that active oxidizing species ·OH, HO2

·/O2
·–,

and 1O2 were involved in the photo-Fenton-like reaction. The
photo-Fenton-like processes in this work not only led to com-
plete decolorization of MO in relatively short time (about
5 min) but also partially mineralized the azo dye. These experi-
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mental results not only are encouraging but also present a new
clue to develop practical highly active photo-Fenton-like cata-
lysts using under neutral pH condition.

Experimental Section

Materials: All chemicals were commercial available and used without
further purification unless otherwise noted. O-Oxy-acetatebenzalde-
hyde was prepared according to literature and characterized by IR, 1H
NMR, MS, and C, H, N analysis.[28]

Synthesis of [Cu(HL)Cl] (1): An absolute methanol solution (5 mL)
of o-oxy-acetatebenzaldehyde (0.0180 g, 1 mmol) was added dropwise
to a vigorously stirred solution of ethanolamine (0.062 g, 1 mmol) in
absolute methanol (5 mL) under reflux. The resulting yellow solution
was heated to reflux for 6 h before cooling to room temperature. To
this yellow H2L solution, a solution of copper(II) chloride (0.172 g,
1 mmol) in methanol (5 mL) was added slowly under vigorously stir-
ring. The resulting solution was stirred for 1 h at 30 °C. Green block
single crystals suitable for X-ray analysis were obtained on slow dif-
fusion of diethyl ether into the solution after one week. Yield: 15%
(0.096 g). IR (KBr): ν̃ = 3424 (br), 1654 (s), 1605 (s), 1400 (m), 1290
(w), 1222 (m) cm–1. C22H24Cl2Cu2N2O8 (642.41 g·mol–1): calcd. C
41.13; H 3.77; N 4.36 %; found C 41.27; H 3.74; N 4.21%.

Synthesis of [Cu(HL)Br] (2): The copper(II) complex 2 was prepared
by following a similar procedure as described above using copper(II)
bromide (0.226 g, 1 mmol) in methanol (5 mL) and acetonitrile (2:1,
V/V) mixture instead of copper(II) chloride. Yield: 11% (0.107 g). IR
(KBr): ν̃ = 3436 (br), 1655 (s), 1605 (s), 1400 (m), 1290 (w), 1221
(m) cm–1. C11H12BrCuNO4 (365.67 g·mol–1): calcd. C 36.09; H 3.28;
N 3.83%; found C 36.17; H 3.37; N 3.81%.

X-ray Crystallography: The data was recorded with a Bruker ApexII
CCD diffractometer with graphite-monochromated Mo-Kα radiation
(λ = 0.71069 Å for 1, and 0.71073 Å for 2) at 293 K. Empirical absorp-
tion correction was applied. The structure of 1 was solved by direct
methods of SHELXS-97 and refined by full-matrix least-squares tech-
niques using the SHELXL-97 program. All the non-hydrogen atoms
were refined anisotropically.

Crystallographic data (excluding structure factors) for the structures in
this paper have been deposited with the Cambridge Crystallographic
Data Centre, CCDC, 12 Union Road, Cambridge CB21EZ, UK.
Copies of the data can be obtained free of charge on quoting the de-
pository numbers CCDC-933249 (for 1) and CCDC-933248 (for 2)
(Fax: +44-1223-336-033; E-Mail: deposit@ccdc.cam.ac.uk, http://
www.ccdc.cam.ac.uk). Details of the crystallographic data and struc-
ture refinement parameters for compounds 1 and 2 are as follows:

Crystal Data for 1: C22H24Cl2Cu2N2O8, M = 642.41, monoclinic,
space group P21/n, a = 9.7000(12) Å, b = 17.983(2) Å, c =
14.7200(18) Å, β = 104.154(2) °, V = 2489.7(5) Å 3, Z = 4, F(000) =
1034, ρcald = 1.714 g/cm3, μ = 1.973 mm–1, min/max transmission =
0.6279/0.6707, θmax = 25.00°, measured reflections = 12267, unique
reflections = 4388, R1 = 0.0440, wR2 = 0.0994 for 2775 reflections
with I � 2σ(I). The goodness-of-fit on F2 was equal to 1.000.

Crystal Data for 2: C11H12BrCuNO4, M = 365.67, monoclinic; space
group P21/n, a = 9.8276(12) Å, b = 18.292(2) Å, c = 14.7427(18) Å,
β = 103.187(2) °, V = 2580.3(6) Å 3, Z = 8, F(000) = 1448, ρcald =
1.883 g/cm3, μ = 4.794 mm–1, min/max transmission = 0.4326/0.5534,
θmax = 26.04°, measured reflections = 14535, unique reflections =
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5494, R1 = 0.0422, wR2 = 0.0867 for 2803 reflections with I � 2σ(I).
The goodness-of-fit on F2 was equal to 0.987.

Phtotoreactor and Light Source: The reactor used in all experiments
was a XPA-VII type photochemical apparatus (Xujiang Machine Fac-
tory, Nanjing, China). A 300 W high pressure mercury lamp equipped
with cool water circulating filter to absorb the near IR radiation was
used as the UV light source. The lamp was always allowed to stabilize
before use.

Evaluation of Photocatalytic Activity: Freshly prepared aqueous
solutions of MO (2�10–5) in the presence of 1 (3.11�10–6 m) or 2
(3.11�10–6 m) and H2O2 (2.40�10–2 m) were magnetically stirred for
30 min in the dark. Then the solutions were started to photocatalytic
degradation under aerated conditions at ambient temperature in the
presence/absence of UV light irradiation. The solutions were magneti-
cally stirred throughout the experiment. At given time intervals, 3 mL
aliquots were sampled and subsequently analyzed by TU-1901 UV/Vis
spectrophotometer (Beijing Purkinje General Instrument Co., Ltd.) to
record the temporal UV/Vis spectral variations of the dye. The MO
concentration was determined by measuring the maximum absorbance
at 465 nm as a function of irradiation time using the UV/Vis spectro-
photometer. All the tests were carried out three times to ensure the
reproducibility.

Supporting Information (see footnote on the first page of this article):
Figure S1: Effect of photo-Fenton-like catalyst concentration on the
degradation of MO. Experimental conditions: MO, 2 �10–5 M; H2O2,
2.40�10–2 M; 1, 1.56–6.22�10–6 M; pH = 6.50 for 1. UV light,
300 W. Figure S2: Effect of pH on the degradation of MO.
Experimental conditions: MO, 2�10–5 M; H2O2, 2.40�10–2 M; 1,
3.11�10–6 M. UV light, 300 W; Figure S3: Effect of MO concentra-
tion of on the degradation. Experimental conditions: H2O2,
2.40 �10–2 M; pH = 6.50; 1, 3.11�10–6 M. UV light, 300 W; Figure
S4: Effect of H2O2 concentration on the degradation of MO. Experi-
mental conditions: MO, 2�10–5 M; pH = 6.50; 1, 3.11�10–6 M. UV
light, 300 W. Proposed reaction pathways.
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