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1H NMR of Free Base DA 

Free base DA was dissolved in deuterated methanol (CD3OD) and analyzed using a Bruker DPX 500 
spectrometer. After 32 scans, the proton NMR spectrum was integrated using Maestro NMR analysis 
software.

Figure S1. 1H NMR spectrum of the as-synthesized free base DA.



Scanning Electron Microscopy 

Scanning electron microscopy (SEM) analysis was performed on a ZEISS sigma coupled with energy 
dispersive x-ray (EDX) spectroscopy at an accelerating voltage of 15.0 kV. To minimize electron-
charging effects, samples were sputter-coated with platinum (∼10 nm thick) in a Quorum-Q150. 

Figure S2. (a) SEM image, (b) EDS spectrum of PDVIm-Cl and (c) the corresponding elemental 
mappings of C, Cl and N. 



Figure S3. (a) SEM image, (b) EDS spectrum of PDVIm-Fe and (c) the corresponding elemental 
mappings of C, Fe, S and N.



Element analysis 

The Fe contents of PDVIm-Fe, PDVIm-Fe/PDA were determined via ICP-OES and the C H N wt% 
values were analyzed from the combustion analysis.

Table S1. The element content of PDVIm-Fe, PDVIm-Fe/PDA

Sample Weight / 
mg

C/N 
ratio N% C% S% H% Fe % a

PDVIm-
Fe 3.7250 2.293 10.48 23.85 10.09 4.64 13.50

PDVIm-
Fe/PDA 3.2880 2.610 10.21 26.64 6.60 4.30 10.50

Nitrogen Adsorption Measurements

100-200 mg PDVIm-Fe or PDVIm-Fe/PDA were transferred to a pre-weighed glass sample tube and 
degassed under vacuum at 100 °C for 6 h at a ramp rate of 7.0 °C per minute. After cooled to room 
temperature and back filled with argon, the sample was transferred to a Belsorp-max gas adsorption 
analyzer and performed at 77 K using liquid N2. 

Figu

re S4. (a) N2 adsorption and desorption isotherms and (b) pore size distribution curve of PDVIm-Fe. 



Fourier Transform Infrared Spectroscopy 

The FT-IR spectra of the samples were recorded on a Nicolet 330 infrared spectrometer (Thermo 
Electron Corporation, USA) in the range from 400 to 4000 cm-1 with the resolution of 4 cm-1.
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Figure S5. FT-IR spectra of PDVIm-Cl (grey), PDVIm-Fe (blue) and PDVIm-Fe/PDA (red).



Degradation efficiency of PDVIm-Fe/PDA to MG

The UV spectra of MG were measured by a UV-2550 UV-vis spectrophotometer. The absorbance of 
the peak at 617 nm at different MG concentrations was used as signal to plot the standard curve, as 
shown in Figure S6. 
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Figure S6. Standard curve of the different concentrations of MG.
The degradation efficiency of MG under different times was calculated with Eq. (S1).

 × 100% (S1)
𝐷𝑡  =  

(𝐶0 ‒ 𝐶𝑡)

𝐶0

where C0 (ppm or g L−1) and Ct (ppm or g L−1) are the concentrations of MG at the initial time and t 
(min). The degradation kinetics data were fitted to Eq. (S2) or Eq.(S3)
− d Ct/d t = k Ct (S2)

ln (C0/Ct) = kt (S3)

where k is the degradation rate constant (min−1). 



Figure S7. (a) Plots of relative concentration (Ct/C0) changes of MG and (b) kinetic plots for the 

degradation of MG under different amounts of H2O2. ([catalyst] = 0.25 g/L, [AA] = 6 mM, pH = 7.0).)

Figure S8. (a) Plots of relative concentration (Ct/C0) changes of MG and (b) kinetic plots for the 

degradation of MG under different amounts of AA. ([catalyst] = 0.25 g/L, [H2O2] = 120 mM, pH = 

7.0)



Figure S9. (a) Plots of relative concentration (Ct/C0) changes of MG and (b) kinetic plots for the 

degradation of MG under different amounts of catalyst. ([AA] = 6 mM, [H2O2] = 120 mM, pH = 7.0)

Table S2. The rate constants of MG degradation by PDVIm-Fe/PDA.

k1 (min-1) k2 (min-1) R2
2

60 mM H2O2 1.54 0.41 0.883

120 mM H2O2 1.82 0.49 0.969

180 mM H2O2 1.95 0.35 0.981

3 mM AA 1.69 0.17 0.950

9 mM AA 1.77 0.41 0.943

0.125 g/L Catalyst 1.42 0.13 0.967

0.375 g/L Catalyst 2.03 0.44 0.934

Note: k1 and k2 are from Eq. (2) or Eq. (3) with different stages (see Fig. 3c and Fig.S7-9b) for k; R2
2 

is the fitting square error for k2.



Determination of radicals’ species and concentration

Quenching experiment was performed by applying different scavengers to determine the contributions 
of the radicals.

Figure S10. The influence of various quenchers on MG degradation efficiency by PDVIm-Fe/PDA. 
([catalyst] = 0.25 g/L, [AA] = 6 mM, [H2O2] = 120 mM, pH = 7.0)

2-hydroxy terephthalic acid (product of the reaction of terephthalic acid (PTA) with ·OH radical) and 
p-hydroxybenzoic acid (p-HBA, react with SO4·–) as fluorescence probe to determine the amount of 
the radicals produced by PDVIm-Fe/PDA.
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Figure S11. The detected radical concentrations produced by PDVIm-Fe/PDA at different times.



Determination of TOC value

For comparison, 10 mg/L MG, 120 mM H2O2 and 3 mM AA were selected as the model reaction 

conditions to determine the TOC value before and after the reaction. The TOC values were presented 

in Table S3.

Table S3. The TOC values in the MG degradation process catalyzed by PDVIm-Fe/PDA.

TOC (mg/L) TOC/TOC0 TOC removal (%)

MG 4.6 a -- ---

AA+ MG (0 min)   202.7 b 1 0

1 min 202.4 0.97 2.27

2 min 193.7 0.93 6.47

3 min 183.1 0.88 11.59

4 min 181.1 0.87 12.60

5 min 181.4 0.87 12.60
a Theoretically, TOCMG0 = 10 ×75% ×97% = 7.2 mg/L
b Theoretically, TOC0 = TOCMG0 + TOCAA 0= 7.2 + 3×176×97%×40% = 7.2 + 204.8 = 212.0 mg/L
([MG]=10 mg/L (CMG% = MC in MG/MMG = 23×12/365 = 75%, purity = 97%), [catalyst] = 0.25 g/L, [AA] = 3 mM 
(CAA% = MC in AA/MAA = 12×6/176 = 40%, purity = 97%), [H2O2] = 120 mM, pH = 7.0)



Stability of PDVIm-Fe/PDA
For comparison, the catalytic efficiency and reusability of PDVIm-Fe and Fe/PDA were also 
performed within 5 min. 

Figure S12. (a) Degradation efficiency of PDVIm-Fe and Fe/PDA on MG and (b) their recyclability. 
([catalyst] = 0.25 g/L, [H2O2] = 120 mmol/L, [AA] = 6 mmol/L, pH = 7.0)

Figure S13. (a) Fe leaching in the solution in each cycling test and (b) percent of Fe leaching in the 
solution compared with the original iron content in the catalyst. ([catalyst] = 0.25 g/L, [AA] = 6 mM, 
[H2O2] = 120 mM, pH = 7.0)



The chemical structure of PDVIm-Fe/PDA was also analyzed via FT-IR to evaluate its stability.

3000 2500 2000 1500 1000 500

 PDVIm-Fe/PDA after use

Wavenumbers / cm-1 

1120 cm-1 S-O

Figure S14. FT-IR spectrum of PDVIm-Fe/PDA after use.



Degradation of anionic dye MO

The adsorption and degradation experiments of PDVIm-Fe/PDA on MO were performed as follows. 
(1) 5 mg PDVIm-Fe/PDA was added to 50 mL 20 ppm MO solution and allowed to shake in an 
oscillator for 5 min; (2) After mixing 5 mg PDVIm-Fe/PDA and 50 mL 20 ppm MO, a certain amount 
of H2O2 (30 wt%) and AA was added and then shook for 5 min. After reaction, both the mixtures were 
filtered through a 0.22 mm membrane and immediately measured via uv-vis spectroscopy.

300 400 500 600

0.0

0.2

0.4

0.6

In
te

ns
ity

 / 
a.

u.

Wavenumbers / cm-1

 20 ppm MO
 Adsorption
 Degradation

Figure S15. UV-vis spectra of MO under different conditions. ([catalyst] = 0.10 g/L, [H2O2] = 240 
mM, [AA] = 10 mM)



Degradation of antibiotic CIP

The concentration of CIP was analyzed on high performance liquid chromatography (HPLC, Hitachi, 
L-2000) equipped with a C18 column. The mobile phase was methanolic aqueous solution containing 
0.2% (v/v) formic acid in 30/70 volumetric ratio (VMeOH/VH2O) at a flow rate of 1.0 mL/min.
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Figure S16. The HPLC chromatograms of CIP during the different degradation time intervals. 
([catalyst] = 0.25 g/L, [H2O2] = 120 mM, [AA] = 6 mM)
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Figure S17. Chemical structure of CIP and its possible byproducts.



Comparison of the degradation performances of MG

Table S4. Comparison of the MG degradation performances with different kinds of catalysts in the literature.

Catalyst mcat
/mg

VMG
/mL

C0
/mg L-1

t
/min

Dt 
/%

k
/min-1 Cycles R a Ref.

PDVIm-
Fe/PDA 10 40 10 5 99 1.95(k1) 7 0.79 This 

work

Homogenous iron-based catalysts

FeSO4·7H2O 6 200 20 60 > 99 -- -- 1.1 1

FeSO4·7H2O 200 500 300 -- > 99 -- -- -- 2

Fe2(SO4)3·7H2O 30 500 9.87 15 95.5 -- -- 1.05 3

Heterogenous iron-based composites for MG degradation

Zn/HAP/MgFe2O
4

40 70 10 2 99 4.01 7 0.87 4

Fe/FBC 50 200 10 5 98 0.05 10 0.78 5

Fe3O4/graphene 
aerogels 10 50 20 12 99 0.21 6 0.83 6

CuFe2O4@BC 20 100 100 80 99 -- 5 0.62 7

Fe-N-C/CNx 10 50 80 140 92 0.011 4 (86% 
in 2nd) 0.26      8

Fe-TiO2/AC 100 100 100 60 97 -- -- 0.16 9

Core-Shell 
Fe3O4@SiO2

15 25 25 30 94 0.11 4 (70% 
in 2nd) 0.13     10

Fe3O4@SBA-15 35 100 15 60 99 0.19 5 0.07 11



Fe-CF 1000 1000 36 120 99 -- 6 0.03 12

Fe0-BG 60 50 13 60 99 0.08

6 
(75

% in 
6th)

0.02 13

Fe@(Alg-CMC) 100 50 10 30 99 0.12 -- 0.02 14

Other heterogeneous composites for MG degradation

cl-Ch-pMAc 
@ZnO/CdSQDs 10 50 100 300 98 0.012 5 0.87 15

Fe0.01Ni0.01Zn0.98
O/polyacrylamid
e nanocomposite

25 100 4 240 97 0.034 5 0.83 16

GO-ZnO/Mn2O3 20 100 50 40 99 0.14 5 0.78 17

rGO/ZnO 25 50 4 140 99 0.025 - 0.16 18

CuO/PbTiO3 20 20 100 180 91 0.017 6 0.13 19

ZnO/CNT 10 100 30 60 79 -- 4 0.02 20

diatomite/MnSiO
3

30 100 500 70 93 0.06 5 0.01  21

PANI/ZnO 0.25 2.5 4 300 99 0.024 5 0.01 222

a Besides the degradation efficiency Dt, degradation rate constant k, a universal catalytic degradation 
rate R in g(degraded matter) g(catalyst)−1 min −1, similar to the common product evolution rate for 
evaluating a catalyst performance, was proposed and defined (Eq.S4) for reasonable comparison of the 
catalytic performance of all the systems in the table. 

 R= (C0-Cf)VMG/mcat/tf= C0DtVMG/ mcat/tf (S4)

where Cf (mg L−1) is the Ct at the time tf when the degradation efficiency reaches the final Dt listed in 

the table (Dt ≥ 99% is normally necessary), VMG is the volume of the MG solution applied for 

degradation, mcat is the mass of the catalyst. 
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