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Synthesis of ferric oleate

Ferric oleate was prepared according to the literature method [1]. In a typical procedure,
10.8 g Fe(NO3)3-9H20 and 36.5 g sodium oleate were dissolved in a solvent mixture of 80
mL ethanol, 60 mL distilled water and 140 mL hexane. The solution was refluxed at 65 <C
for 4 h. When the reaction was completed, the upper organic layer was collected and washed
twice with distilled water. Then, the product was heated in a vacuum oven at 70 <C for 4 h
and ferric oleate was obtained in a waxy solid form.
Characterization

The ferric oleate sample was characterized by FTIR. To prepare the sample for analysis,
ferric oleate was dissolved in CCl4 and then spread evenly on KBr pellets to form a thin film
after solvent evaporation. The FTIR spectrum was collected on a FTIR Bruker Equinox
spectrometer (Vertex 70, Billerica, MA, USA).
Hydroxyl radical quantitation

The quantitative determination of «OH was carried out using benzoic acid (BA) as a probe

molecule according to literature reports [2, 3]. In a typical procedure, 30 mL of a mixture of
1



catalyst, BA and H202 with pH value, catalyst dosage, BA and H>O> concentrations of x (3, 5,
6.8 or 9), 3.33 mg/mL, 0.33 mol/L and y (0.33, 0.66 or 0.99) mol/L, respectively, was stirred
and heated to 70 <C in a water bath. After reaction for 90 min, a certain amount of n-propanol
was added into the solution and then the products were detected by Shimadzu Kyoto HPLC
with an ODS-2 column (4.6 X250 mm, 5 um) and a UV detector (254 nm). Hydroxy! radical

was quantified indirectly and approximately by the conversion of benzoic acid.
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Fig. S1 FT-IR spectrum of ferric oleate. The peaks at 722, 1458, 1592, and 1711 cm’

correspond to long-alkyl side chain of the catalyst, symmetric stretching vibration of metal

carboxylates, antisymmetric stretching vibration of metal carboxylates, and asymmetrical

stretching vibration of unidentate carboxylate [4].



Fig. S3 SEM images of Fe/Z5 (a), MFe/Z5 (b), MFe/Z5@Z5 (c), MFe/Z5@M41 (d) and
Fe@MZ5 (e).
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Fig. S4 TG curves of the as-prepared catalysts.
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Fig. S5 Py-IR spectra of catalysts at 150 °C.
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Fig. S6 The concentration of generated «OH with different pH values and H20./benzoic acid
molar ratios (H/B). Conditions: reaction mixture 30 mL, catalyst amount 3.33 mg/mL, benzoic

acid 0.33 mol/L, reaction temperature 70 <C, and reaction time 90 min.
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Fig. S7 Effect of radical scavenger on phenol hydroxylation. Conditions: reaction mixture 30
mL, pH =5, catalyst amount 100 mg, H20/phenol molar ratio 2:1, reaction temperature 70 <C,

reaction time 90 min, and t-butanol/ H,O2 molar ratio 10:1.



Table S1 Catalytic performance of phenol hydroxylation over Fe-based catalysts

Tem. Time Catalyst? x(Ph) Selectivities/%
Samples H/P®  pH Ref.
f°C  /min /mg /% CAT HQ Others Yug®
Fe@MZ5 70 90 100 2:1 5 828 456 492 5.2 40.7 /
Fe@MZ5-3¢ 70 90 100 2:1 5 809 457 488 55 39.5 /
Fe@MZ5-5¢ 70 90 100 2:1 5 806 46.8 479 5.3 38.6 /
3Fe/Al-AMS 30 240 660 2:1 7 466 499 333 168 155 5
Fe-MCM-
70 120 150 11 7 46.2 527 374 0 17.3 6
41/ZSM-5
Fe(phon);’ 55 360 94 11 7 200 700 290 1.00 5.8 7
Fe-MCM
60 180 150 31 /240 55.0 450 / 10.8 8
-41(NPS)
Fe-MCM-41 70 10 60 11 /600 680 320 / 19.2 9
Fe?*/Fe®*
70 90 16.1 2:1 / 80.0 710 29.0 / 23.2 10
-ZSM-5
Complex 1 20 30 3.75 1:3 / 205 60.0 231 / 4.7 11
5Fe-Si 25 90 45 11 /473 483 483 160 228 12
Fe-ZSM-5 50 240 100 11 40.1 534 334 / 13.4 13
20/CuMgFe 50 30 15 11 /[ 69.7 496 216 / 15.0 14
5Fe-MA 25 120 220 2:1 /234 601 331 6.8 7.75 15
FAM-MS 25 120 50 1:3 / 253 586 36.7 4.7 9.28 16
0.03Fef/y-Al0s-1 80 240 50 1:15 |/ 587 / / 3.8 / 17
Fe-BTC 25 75 50 11 / 522 443 350 / 18.3 18

aCatalyst mass in 30 mL reaction mixture. ® H,O2/phenol molar ratio. ¢ HQ yield. ¢ Catalyst reused for three

times. © Catalyst reused for five times.



References

1.

Liu Y, Chen T, Wu C, Qiu L, Hu R, Li J, Cansiz S, Zhang L, Cui C, Zhu G, You M, Zhang

T, Tan W. Facile surface functionalization of hydrophobic magnetic nanoparticles. Journal

of America Chemistry Society, 2014, 136(36): 12552-12555

.SunY, Yang Z, Tian P, Sheng Y, Xu J, Han Y. Oxidative degradation of nitrobenzene by a
Fenton-like reaction with Fe-Cu bimetallic catalysts. Applied Catalysis B: Environmental,
2019, 244: 1-10

. Lindsey M. E, Tarr M. A. Quantitation of hydroxyl radical during Fenton oxidation
following a single addition of iron and peroxide. Chemosphere, 2000, 41(3): 409-417

. LiY, Li Q, Wang X, Yu L, Yang J. Aquathermolysis of heavy crude oil with ferric oleate
catalyst. Petroleum Science, 2018, 15(3): 613-624

. Zhou S, Shao B, Jin W, Li X, Ding Y, Wang B, Kong Y. Acid-redox bifunctional
Fe/Al-AMS catalyst: Simultaneously oriented introducing Fe2Os in the channels and Al in
the framework of AMS and its enhanced catalytic performance. Applied Catalysis A:
General, 2019, 575: 159-169

. Shen Y, Wang F, Liu W, Zhang X. The preparation of Fe3* ion-exchanged mesopore
containing ZSM-5 molecular sieves and its high catalytic activity in the hydroxylation of
phenol. Journal of Porous Materials, 2018, 25(6): 1587-1595

. Liu C, Ye X, Zhan R, Wu Y. Phenol hydroxylation by iron(1l) phenanthroline: The reaction
mechanism. Journal Molecular Catalysis A: Chemical, 1996, 112(1): 15-22

.Jiang Y, Lin K, Zhang Y, Liu J, Li G, Sun J, Xu X. Fe-MCM-41 nanoparticles as versatile
catalysts for phenol hydroxylation and for Friedel-Crafts alkylation. Applied Catalysis A:
General, 2012, 445-446: 172-179

. Choi J, Yoon S, Jang S, Ahn W. Phenol hydroxylation using Fe-MCM-41 catalysts.

Catalysis Today, 2006, 111(3): 280-287

10. Buttha S, Youngme S, Wittayakun J, Loiha S. Formation of iron active species on

HZSM-5 catalysts by varying iron precursors for phenol hydroxylation. Molecular

Catalysis, 2018, 461: 26-33



11. Hai L, Zhang T, Zhang X, Zhang G, Li B, Jiang S, Ma X. Catalytic hydroxylation of
phenol to dihydroxybenzene by Fe(ll) complex in aqueous phase at ambient temperature.
Catalysis Communication, 2017, 101: 93-97

12. Liang X, Yang R, Li G, Hu C. Phenol hydroxylation over Fe-incorporated mesoporous
materials prepared by coprecipitation. Microporous and Mesoporous Materials, 2013, 182:
62-72

13. Han Z, Zhang F, Zhao X. Green energy-efficient synthesis of Fe-ZSM-5 zeolite and its
application for hydroxylation of phenol. Microporous and Mesoporous Materials, 2019,
290: 109679

14. Shen J, Liang J, Fu X, Jiang Y, Yan S. Facile synthesis of CuMgFe layered double
hydroxides for efficient catalytic phenol hydroxylation under mild conditions.
ChemistrySelect, 2020, 5(9): 2835-2841

15. Wang Y, Zhou Y, He M, He Q, Zhong Y. Fe-doped mesoporous alumina: Facile one-pot
synthesis, modified surface-acidity and its enhanced catalytic performance in phenol
hydroxylation. Catalysis Letters, 2020, DOI 10.1007/s10562-020-03153-8

16. Gao S, Yang F, Liu X, Hu X, Song C, Zhou S, Kong Y. Exposed ternary metal active sites
on mesoporous channels: a promising catalyst for low-temperature selective catalytic
oxidization of phenol with H.O». Molecular Catalysis, 2019, 478: 110568

17. Xu J, lbrahim A, Hu X, Hong Y, Su Y, Wang H, Li J. Preparation of large pore volume
y-alumina and its performance as catalyst support in phenol hydroxylation. Microporous
and Mesoporous Materials, 2016, 231: 1-8

18. Salazar-Aguilar A, Vega G, Casas J, Vega-D®z S, Tristan F, Meneses-Rodr guez D,
Belmonte M, Quintanilla A. Direct hydroxylation of phenol to dihydroxybenzenes by H.O>
and Fe-based metal-organic framework catalyst at room temperature. Catalysts, 2020,

10(2): 172



