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Text S1: Calculation details

The computational calculations based on density functional theory (DFT)
calculations in this work were calculated with Gaussian 09 software [1]. The B3LYP-
D3(BJ) theoretical method using 6-31G(d) basis were executed to predict the geometry
optimization of methylene blue (MB) molecular. Furthermore, Fukui function has long
been used as an effective way to predict reactive active sites of electrophilic,
nucleophilic and radical attack, which is an important concept in the conceptual density
functional theory (DFT). What’s more, Hirshfeld charges, condensed Fukui functions
(the nucleophilic (f*), electrophilic (f~) and radical attack (f°)), the lowest unoccupied
molecular orbits (LUMO), the highest occupied molecular orbits (HOMO) and surface
electrostatic potential (ESP) of MB were calculated with Multiwfn 3.8 (dev) at
B3LYP/6-31G(d) level and then the electrostatic potential on the molecular surface is
plotted with Visual Molecular Dynamics (VMD version 1.9.3) [2].

Notably, Fukui function is displayed as:
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where p(r) is the electron density at a point 7 in space, N is electron number in present
system, the constant term v in the partial derivative is external potential. In the
condensed version of Fukui function, atomic population number is used to represent
the amount of electron density distribution around an atom.

Then the condensed Fukui function including can be calculated by following

functions:
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Electrophilic attack: fa=dan-1-ay (2)



Nucleophilic attack: fa=av-d Ii 1 3)
Radical attack: | a=(ayli-ayi0/2 “4)
where qA is the atom charge of atom A at the corresponding state, fa represents the
Fukui value of atom A.

Text S2: Toxicity assessment

The toxicity of MB and its degradation intermediates are predicted with the aid of
the Toxicity Evaluation Software Tool (T.E.S.T.). Six indicators of mutagenicity,
developmental toxicity, bioaccumulation factor, acute toxicity of fathead minnow
LC50 (96 h), T. pyriformis IGC50 (48 h), and daphnia magna LC50 (48 h) are predicted
based on quantitative structure-activity relationship (QSAR, to predict measures of
toxicity from physical characteristics of the structure of chemicals) methods [3].
T.E.S.T to estimate toxicity values using several different advanced QSAR
methodologies. In T.E.S.T estimating toxicity values we mainly utilized Consensus
method and Hierarchical clustering method QSAR methodologies.

Consensus method: The predicted toxicity is estimated by taking an average of the
predicted toxicities from QSAR methods.

Hierarchical clustering method: The toxicity for a given query compound is
estimated using the weighted average of the predictions from several different models.
The different models are obtained by using Ward’s method to divide the training set
into a series of structurally similar clusters. A genetic algorithm-based technique is used

to generate models for each cluster. The models are generated prior to runtime.



Table S1 Comparison of Fenton-like MB removal using various catalysts

Experimental conditions Removal Stability
Catalytic material Catalyst MB H,0, efficienc Time reduction after Refs.
(@L) (mgl) (mmolr) PY y (%) (min) cyeles 1 cles (%)

Fe-Cu-080 0.5 5 500 7 99 60 6 4 [4]
Au/ZnO 1 15 500 7.5 90 120 3 35.9 [5]
CNCOF 1.25 20 80 5 100 20 10 13 [6]

Fe(IT)-doped g-CsN, 0.5 50 200 6.5 100 90 4 1 7]
HKUST-1/Fe;04/CMF 0.33 10 118 3 98 240 5 6.5 [8]
ZnNb,Oq 1 15 500 5.2 97.8 300 - - [9]
Fe;0,4/Ce0O, 1 100 170 6 100 120 - - [10]
Fe;04/C octahedra 0.5 10 90 3 100 120 10 3 [11]
Yolk-shell Fe;04@MOF-5 1 50 30 4 100 90 5 2 [12]
HC-ZV1 0.4 10 100 6.4 97.717 80 3 25.31 [13]
MnMgFe-LDH 2 20 100 7 92 300 5 12 [14]
Fe;04/S10,/C 1 100 480 6 90 60 8 25 [15]
Fe;0,@NIP 1 25 300 69 99 300 5 5 [16]
CuO@LDH-5 1 10 100 6 99 120 5 14 This work




Fig. S1 The SEM images of CuO.
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Fig. S2 (a) The performances of CuO@LDH-5 and the physical mixture of CuO and
LDH; (b) Kinetic analysis of MB in the degradation process; (c) Degradation rate

constants k. (Experimental conditions: catalyst dosage = 1 g/L, initial pH = 6, MB

Samples

concentration = 10 mg/L, H,O, concentration = 100 mM).




0.05

0.04 4

)

7 0.031

(min

0.02 4

k

0.014

0.00

()

0.0152

0.0277

0.0373

0.0398

0.0378

T
100

T
200

20 50 150
H,0, concentration (mM)
0.05 1
(b) 0.04 4 (¢) 0.0373
0.04 0.0373
0.03
270034 < =
g =
g 0.0223 £0.02 4 0.0180
370,02 - — 0.0160
e 2
- 0.0103 0,01 20101
01 0.0067
0.0018 [ ‘
0.00 == r T T T 0,00 : : r T T
2 4 6 8 10 20 40 60 80 100

Solution pH value

Catalyst dosage (mg)

Fig. S3 Degradation rate constants k£ of different experimental conditions on the

degradation performances for MB in CuO@LDH-5 with H,O, systems: (a) H,O,

dosage, (b) solution pH, and (c) catalyst dosage. (In addition to the specific parameters,

the experimental conditions were as follows: catalyst dosage = 1 g/L, initial pH = 6,

MB concentration = 10 mg/L, H,O, concentration = 100 mM).
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Fig. S4 The SEM images of used CuO@LDH-5
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Fig. S5 The TEM and HRTEM images of used CuO@LDH-5.
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Fig. S6 LC-MS chromatograms for degradation intermediates of MB in the

CuO@LDH-5 with H,O, system.
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