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1. Preparation of the catalysts

1.1 Materials

Natural graphite powder (200 mesh, 99.9% purity), 2-Aminoterephthalic Acid (99% 

purity) was purchased from Alfa Aesar Chemical Co., Ltd. All other chemicals were 

analytical grade and were purchased from Aladdin Chemical Co., Ltd. All of the 

chemicals were used without further purification unless notified. Deionized water was 

used throughout the experiments.

1.2 Preparation of graphene oxide (GO) 

GO was prepared from natural graphite via acid-oxidation according to a modified 

Hummers method as previous literature reported.s1

1.3 Preparation of the Cu2O nanoparticles doped graphene (Cu2O-rGO) 

The Cu2O-rGO catalyst was prepared in a MOF-derived synthetic strategy. A Cu-MOF 

structure of Cu(BDC-NH2), (BDC-NH2=2-aminoterephthalic acid) serving as the 

precursor, was first synthesized via a simple liquid phase deposition method.s2 50 mg 

Cu(CH3COO)2·H2O and 100 mg 2-aminoterephthalic acid were simultaneously added 

into 20 mL DMF, and the solution was stirred for 30 minutes. After that, the solution 

was filtered and the solid was washed with deionized water for 3 times to obtained the 

Cu-MOF precursor. Then the obtained Cu-MOF precursor and 50 mg of graphene oxide 

were dispersed in 50 mL of ethylene glycol (EG)-water (EG:water = 1:5(v/v)) solution 

and treated with ultrasonic for 1 h to obtain a homogeneous suspension. The pH value 

of the solution was adjusted to ca. 13 by the dropwise addition of w.t. 1% KOH/water 

solution under vigorous stirring. The resulting solution was transferred into a 50 mL 

Teflon-lined stainless-steel autoclave and sealed for solvothermal reaction at 180 oC for 

10 h. The obtained suspension was washed with deionized water and ethanol 5 times. 
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After being dried at 60 °C for 12 h, the sample was though an annealing operation at 

500 °C for 2 hours in N2 atmosphere. After all, the Cu2O-rGO catalyst was obtained 

and for the further use.

1.4 Preparation of the Cu2O NPs in the absence of GO (Cu2O NPs)

The Cu2O NPs in the absence of GO was prepared prepared by in a MOF-derived 

synthetic strategy. The Cu(BDC-NH2) precursor was first prepared consistent with the 

previous description. Then the obtained Cu-MOF precursor was dispersed in 50 mL of 

ethylene glycol (EG)-water (EG:water = 1:5(v/v)) solution and treated with ultrasonic 

for 1 h to obtain a homogeneous suspension. The pH value of the solution was adjusted 

to ca. 13 by the dropwise addition of w.t. 1% KOH/water solution under vigorous 

stirring. Then the Cu (BDC-NH2) was transferred into a 50 mL Teflon-lined stainless-

steel autoclave and sealed for solvothermal reaction at 180 oC for 10 h. The obtained 

suspension was washed with deionized water and ethanol 5 times. After being dried at 

60 °C for 12 h, the sample was though a annealing operation at 500 °C for 2 hours in 

N2 atmosphere. Then the Cu2O NPs was obtained and for the further use.

1.5 Preparation of the reduced graphene oxide (rGO)

The reduced graphene oxide (rGO) was prepared by a hydrothermal synthetic strategy. 

100 mg BDC-NH2 and 50 mg of graphene oxide were dispersed in 50 mL of ethylene 

glycol (EG)-water (EG:water = 1:5(v/v)) solution and treated with ultrasonic for 1 h to 

obtain a homogeneous suspension. Then the Cu(BDC-NH2) was transferred into a 50 

mL Teflon-lined stainless-steel autoclave and sealed for solvothermal reaction at 180 

oC for 10 h. The obtained suspension was washed with deionized water and ethanol 5 

times. After being dried at 60 °C for 12 h, the sample was though an annealing operation 

at 500 °C for 2 hours in N2 atmosphere. Then the rGO was obtained and for the further 

use.
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2. Catalyst characterization

2.1 X-ray diffraction (XRD) analysis

The crystal structures were characterized with XRD on a Bruker D8 Advance X-ray 

diffractometer using the Ni-filtered Cu Kα radiation source at 40 kV and 40 mA.

2.2 Scanning electron microscopy (SEM)

The scanning electron microscopy (SEM) measurements were carried out on a Nova 

Nano SEM 450 field-emission scanning electron microscope. X-ray energy dispersive 

spectroscopy (EDS) was used to analyze the element composition and distribution.

2.3 Transmission electron microscopy (TEM)

A JEOL 2011 microscope operating at 200 kV equipped with an EDX unit (Si(Li) 

detector) was used for the TEM investigations. The samples for electron microscopy 

were prepared by grinding and subsequent dispersing the powder in ethanol and 

applying a drop of very dilute suspension on carbon-coated grids. The size distribution 

of the metal nanoparticles was determined by measuring about 100 random particles on 

the images.

2.4 X-ray photoelectron spectroscopy (XPS)

XPS datas were recorded with a Perkin Elmer PHI 5000C system. The spectrometer 

was operated at 15 kV and 20 mA, and a magnesium anode (Mg Kα, hν = 1253.6 eV) 

was used. The C 1s line (284.6 eV) was used as the reference to calibrate the binding 

energies (BE).

2.5 Electron spin resonance (ESR)
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30 μL of 1 mg/L Cu2O-rGO, 3 μL of 30% H2O2 and 20 μL of 0.2 mol/L DMPO and 

proper amount of acetonitrile were added into a 1 mL plastic tube. The prepared sample 

solution was transferred to a quartz capillary tube and placed in the ESR cavity. DMPO 

was used to trap the •OH radicals to form the DMPO-•OH spin adduct. The ESR spectra 

were obtained on a Bruker ESR 300E with microwave bridge (receiver gain, 1 × 105; 

modulation amplitude, 2 Gauss; microwave power, 10 mW; modulation frequency, 100 

kHz).

2.6 UV-Vis spectrophotometer

The typical absorbance peak of oxidation products of TMB were carried out in a UV-

Vis spectrophotometer (Shimadzu, Japan). Experiments were carried out using 1 μg 

mL-1 Cu2O -rGO in 3 mL of acetonitrile with 0.8 mM TMB as substrate. The H2O2 

concentration was 50 mM.

2.7 Conditions of HPLC

Agilent Hypersil ODS column (4.6 × 250 mm) and UV detector (at 270 nm), was used 

to analyze the concentrations of the products. The eluent was 0.01 mol L-1 KH2PO4 in 

a methanol-water (60:40) mixture.

The yield and selectivity of the reaction were also recorded by HPLC analytical method.

2.8 CV curve

Both of Cu2O-rGO and Cu2O NPs were separately added (10 mg mL-1) into an alcohol 

based solution with 0.5 w.t. % Nafion1 and sonicated for 1 hour. The electrolyte used 

containes N2-saturated CH3CN solution (0.1 M Et4NBF4). All potentials reported were 

referred to the reference electrode of Ag/AgCl. CV curves were obtained by scanning 
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the potential of the working electrode from 1.0 to 1.0 V (vs. Ag/AgCl) at a scan rate of 

100 mV s-1 with successive additions of H2O2 up to 10 mM.

Fig. S1 SEM images of the Cu2O-rGO before annealing operation.
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Fig. S2 SEM images of the Cu2O-rGO after annealing operation.

The scanning electron microscopy (SEM) image of Cu2O-rGO before annealing 

operation at 500 °C for 2 hours in N2 atmosphere clearly revealed an ultrathin 

nanosheet structure with the Cu2O nano-spheres were uniformly distributed on the 

surface of the graphene (Fig. S1). In some regions, Cu2O NPs deposited on both sides 

of the graphene sheets.s3 After the annealing operation, that the graphene were slight 

aggregations of irregular block-like particles with typical layered structure and a 

relatively large size of dozens of microns, and the number of Cu2O NPs increased 

simultaneously (Fig. S2).
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Fig. S3 TEM images of Cu2O-rGO after annealing operation and particle-size distribution plot 

(from a count of >50 particles) of Cu2O-rGO.

The details of the morphology the of Cu2O-rGO catalyst were also revealed by the TEM 

images. As shown in Fig. S3, the morphology of Cu-MOF structure would be collapsed 

after the catalyst was calcined directly at 500 °C, and the obtained cobalt nanoparticles 

will be large in size and uneven. The stabilized dispersed Cu2O NPs as weak gray spots 

on the graphene with the average of size distribution was obtained by measuring the 
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sizes of 50 randomly selected particles, which was 100 ± 20 nm in sizes. In addition, 

from the EDS mapping, the Cu element was homogeneously distributed in the graphene 

framework (Fig R5). All of those indicate that the heterogeneous catalysis Cu2O-rGO 

was successfully synthesized with uniformly dispersed Cu2O NPs on the graphene 

surface.

Fig. S4 XRD image of the Cu2O-rGO.

The phase of the Cu2O-rGO catalyst was determined by X-ray diffraction (XRD) 

measurements (Fig. S4). The peaks at 29.6, 36.5, 42.4, 61.6 and 73.7 can be 

assigned to (110), (111), (200), (220), and (311) planes of the Cu(I) phase for 

Cu2O-rGO (PDF card 000-05-0667).s4
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Cu2O-rGO

Cu LMM

916.28 eV

Fig. S5 Auger electron spectroscopy of Cu LMM.

The auger electron spectroscopy of Cu LMM can thus discriminate between 

Cu(I) and Cu(0). As shown in Fig S5, a dashed line has been included in the 

auger spectra at 916.28 eV, which indicative of the Cu(I) species on the graphene 

surface.

A)
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B)

Fig. S6 The related calibration curve of the current density obtained at the potential of 0.5 V (vs. 

Ag/AgCl) with respect to the H2O2 concentration for GCEs modified with (c) Cu2O-rGO and (d) 

Cu2O NPs films.

3. Kinetic analysis for the H2O2 decomposition 

The decomposition of H2O2 in solid catalysts follows a pseudo-first-order kinietic as 

long as an excess of solid catalyst is used.s5 Following first-order reaction kinetics, 

overall kinetics of H2O2 decomposition follow the formula

‒ 𝑑𝑐𝐻2𝑂2

𝑑𝑡
= 𝑘1𝑐𝐻2𝑂2

and its integrated form

𝑙𝑛
𝑐𝑡

𝑐0
=‒ 𝑘1𝑡

where cH2O2 is the hydrogen peroxide molar concentration, k1 is the global H2O2 

decomposition rate constant at a specific temperature, and t represents the reaction time. 

ct and co are the concentration of H2O2 at a time and t = 0, respectively. In the 

decomposition reaction, the concentration of hydrogen peroxide is proportional to the 
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released volume of oxygen and proportionality constant is the constant, so it could be 

written as

‒ 𝑘1𝑡 = 𝑙𝑛(𝑉0 ‒ 𝑉𝑡

𝑉0
)

𝑘 = 𝐴𝑒
‒ 𝐸𝑎

𝑅

Where Vt and V0 represent the released oxygen volume at a time t and total oxygen 

released with the decomposition of all of hydrogen peroxide, Ea is the activation energy 

for the reaction, A is the frequency factor and R is the gas constant.

A) B)

C) D)

Fig. S7: Released oxygen volume as a function of reaction time at different temperatures. (A) Cu2O-

rGO; (B) GO; (C) rGO and (D) Cu2O NPs.
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4. Evidence for the radical capture mechanism

4.1 Evidence for the O-centered radical (OH)

Fig. S8 DMPO spin-trapping ESR spectra of Cu2O-rGO/H2O2 system.

A) B) C)

Fig. S9 The color reactions of Cu2O-rGO with H2O2 and TMB.
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Fig. S10 Typical absorption curves of TMB reaction solutions catalytically oxidized by the Cu2O-

rGO in the presence of H2O2.

4.2 Evidence for the C-centered radical (C)

4.2.1 Radical probe experiments under copper-free conditions

H OHUV 365 nm
2.0 mmol H2O2

1.5 mL CH3CN, 40 oC, 12 h
1 mmol

General procedure: Under air, a 5 mL vial equipped with a magnetic stir bar was 

charged with the solvent, benzene and H2O2 except Cu2O-rGO. The reaction vial was 

then irradiated with 40W UV 365 nm from 5 cm away. The reaction temperature was 

maintained 40 °C for 12 h. After finish the reaction, then resulting solution was 

analyzed by HPLC. From the HPLC, about 2.8% yield of the phenol product was 

detected, at the same time, the coupling product biphenyl was also being detected 

(0.5%), this coupling product is proposed to arise from two generated aryl radical in 

this catalytic system.

4.2.2 TEMPO trapping experiments under copper-free conditions
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H OHX eq TEMPO
UV 365 nm, 2.0 mmol H2O2

1.5 mL CH3CN, 40 oC, 12 h
1 mmol

TEMPO Phenol (%) Ar-TEMPO (%)

0.1 equiv. 1.2 0.3

1.0 equiv. -- --

Fig. S11 TEMPO trapping experiment under copper-free conditions.

General procedure: Under air, a 5-mL vial equipped with a magnetic stir bar was 

charged with the solvent, benzene and H2O2 except Cu2O-rGO. Then a certain amount 

of TEMPO was added to the reaction mixture. The reaction vial was then irradiated 

with 40W UV 365 nm from 5 cm away. The reaction temperature was maintained 40 

°C for 12 h. After finish the reaction, then the resulting solution was analyzed by gas 

chromatography. Ar-TEMPO product yield was determined by HPLC isolation.

4.2.3 Radical probe experiments under optimized conditions

H OH

1.5 mL CH3CN, 40 oC, 12 h
1 mmol

X eq TEMPO
1 mg Cu2O-rGO, 2.0 mmol H2O2

Tempo Phenol (%) Ar-TEMPO (%) Tempo Phenol (%) Ar-TEMPO (%)

0.1 equiv. 5.6 0.3 0.2 equiv. 4.2 0.5

0.3 equiv. 2.8 0.4 0.4 equiv. 1.1 0.1

0.5 equiv. trace trace

Fig. S12 TEMPO trapping experiments under optimized conditions.

General procedure: Under air, a 5-mL vial equipped with a magnetic stir bar was 

charged with Cu2O-rGO, followed by solvent, benzene and H2O2. Then a certain 

amount of TEMPO was added to the reaction mixture. The reaction vial was then 

reacted under the optimized conditions. After finish the reaction, then the resulting 
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solution was analyzed by HPLC. As shown in Fig. S9, none of the phenol product was 

observed when 1.0 equiv. TEMPO was added. When slightly TEMPO （0.1-0.5 

equiv.）was added the formation of the desired product with the yield about 5.6%-

1.1%, the aryl-trapped TEMPO adduct was also be observed (0.1-0.5%). Besides, the 

yield of phenol showed a linear relationship with the increased TEMPO ratio added 

(R2=0.999, Fig. S13).

Fig. S13 Relation between the yield of phenol and the increased TEMPO.

4.2.4 Oxidation of toluene

The peroxidation of toluene using H2O2 as oxidant and catalyzed by the Cu2O-rGO 

systems was performed following the procedure described above. After finish the 

reaction, then the resulting solution was analyzed by HPLC.s6 the distribution of the 

phenolic products obtained (o-/m-/p-cresol=3.1%/0.3%/0.8%), the ratio of the phenolic 

products obtained in the reaction about (o-/m-/p-cresol=73/8/19).
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5. Catalytic performance for hydroxylation of benzene by Cu2O-rGO

5.1 General experimental procedure of Catalytic hydroxylation of benzene

The hydroxylation of benzene catalyzed by the Cu2O-rGO system using H2O2 as 

oxidant is described below. The oxidation using other catalytic systems is analogous to 

the following:

Step 1: 1 mg of Cu2O-rGO and 1.5 mL of CH3CN were placed in a 5 mL round-bottom 

flask with a stir bar, and treated with ultrasonic for 10 minutes to obtain a homogeneous 

suspension.

Step 2: 0.12 mL of H2O2 solution (30% in H2O, 2 mmol) was added to the Cu2O-rGO 

system. Immediately after that, 0.089 mL of benzene (1 mmol) was added to the Cu2O-

rGO/H2O2 mixture, and the mixture stirred at 40 oC for 12 h.

Step 3: After 12 hours, after the reaction mixture cooled to room temperature and 5 mL 

of diethyl ether were added to the reaction mixture.

Step 4: After 10 minutes, 100 µL of the crude reaction mixture were diluted in 1.8 mL 

of EtOAc and the resulting solution was analyzed by HPLC. The relative ratio of the 

reaction products was obtained by comparison with standards of commercial samples.

5.2 Optimization of the reaction conditions

5.2.1 Catalytic performance of different catalysts systems

OHH

1 mmol

1 mg Catalyst
2 mmol H2O2

1.5 mL CH3CN, 40 oC, 12 h

Catalyst Conv. (%) Yield (%) Catalyst Conv. (%) Yield (%)

Blank - - GO 1.8 1.8

Graphene trace trace rGO 3.4 3.2

CuOcom 5.7 4.2 Cu2Ocom 7.1 5.2
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Cu2O NPs 8.0 6.2 Cu2O-rGO 24.8 21.1

GO: graphene oxide; rGO: reduction graphene oxide; com: commercial available

Fig. S14 Evaluation of different catalysts systems. Yields determined by HPLC.

Initial investigation about the catalytic activity were carried for direct one-step 

hydroxylation of benzene to phenol using compared with different catalyst in presence 

of H2O2 (Fig. S14). For the carbocatalyst, the GO and graphene given a negligible yield 

for the transformation, and the reducing-graphene oxide (rGO) gave a phenol yield 

(3.2%). For Cu, including the commercial available CuO and Cu2O, the desired 

transformation was in a relatively low efficiency (yield: 4.2% and 5.2%). For the Cu2O 

NPs, preparing with the MOF-derived synthetic strategy, shown a slighted higher 

catalytic efficiency for the desired transformation comparted with the commercial 

available Cu2O (6.2%). The Ultimately, the use of designed Cu2O-rGO as the 

hydroxylation catalyst provided desired yield with the optimize reaction conditions 

(21.1%).

5.2.2 Catalytic performance of different solution

OHH 1 mg Cu2O-rGO
2 mmol H2O2

1.5 mL Solution, 40 oC, 12 h

Solution Yield (%) Solution Yield (%)

CH3CN 21.2 CH3OH 2.2

Benzonitrile 8.6 CH3CH2OH 2.6

DMF 7.8 IPA 2.9

THF 5.4 DMSO trace

H2O trace 1,4-dioxane trace

Fig. S15 Evaluation of different solution. Yields determined by HPLC.

Generally, the efficiency of a catalyst performance is affected by the reaction solvents. 

Herein, hydroxylation of benzene over the Cu2O-rGO catalyst was performed in several 
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common solvents (Fig. S15). The reaction in DMF (N,N-dimethyl formamide) and 

THF (tetrahydrofuran), the yield of phenol was 7.8% and 5.4%, respectively. Of note, 

the hydroxylation reaction took place in alcoholic solvents, like CH3OH (methyl 

alcohol), CH3CH2OH (ethyl alcohol) and IPA (isopropyl alcohol) generating the phenol 

in low yields, because the hydroxyl group could quench the •OH, which would lead to 

lower the catalytic efficiency. In addition, the DMSO, 1,4-dioxane and H2O given the 

negligible yield. However, benzonitrile, with the similar structure to CH3CN, for the 

highest yield of 8.6% of phenol. And the CH3CN given the most ideal yield about 

21.2%.

5.2.3 Catalytic performance of different reaction temperature

OHH

1 mmol

1 mg Cu2O-rGO
2 mmol H2O2

1.5 mL CH3CN, Temperature, 12 h

Temperature (oC) Conv. (%) Yield (%) Temperature (oC) Conv. (%) Yield (%)

30 9.9 8.6 35 16.05 13.8

40 24.7 21.2 45 30.1 22.2

Fig. S16 Evaluation of different temperature. Yields determined by HPLC.

explore the effect of temperature on the catalytic properties of obtained Cu2O-rGO, a 

series of experiments were carried out in the range 30-45 °C. As shown in Fig. S16, 

when the temperature was changed from 30 oC to 45 oC, the phenol was improved with 

the increased reaction temperature. When the reaction temperature was kept raising to 

45 oC, the yield of phenol was only slightly higher than at 40 oC, because the self-

decomposition of H2O2 and peroxidation was being promoted by higher temperature. 

Therefore, we selected 40 oC as the optimal reaction temperature with the phenol yield 

of 21.2%.

18



5.2.4 Catalytic performance of different oxidant

OHH

1 mmol

1 mg Cu2O-rGO
2 mmol Oxidant

1.5 mL Solution, 40 oC, 12 h

Oxidant Yield (%) Oxidant Yield (%)

H2O2 21.0 TBHP 3.3

DTBP trace DCP trace

AIBN trace DDQ trace

K2S2O8 trace O2 trace

Fig. S17 Evaluation of different oxidant. Yields determined by HPLC.

Other organic oxidants, for instance, TBHP (tert-butyl hydroperoxide) DTBP (di-tert-

butyl peroxide), DCP (dicumyl peroxide), AIBN (azodiisobutyronitrile), DDQ (2,3- 

dicyano-5,6-dichlorobenzoquinone), only lower yield of phenol was observed in the 

presence of TBHP, for the other oxidants, failed to afford better performance of the 

reaction, with only a trace of phenol being isolated. In addition, inorganic oxidants such 

as of K2S2O8 and O2 (1.0 atm), which gave the negligible desired phenol yields, 

respectively.

5.2.5 Catalytic performance of different mount of H2O2

OHH

1 mmol

1 mg Cu2O-rGO
H2O2

1.5 mL CH3CN, 40 oC, 12 h

H2O2 (mmol) Yield (%) H2O2 (mmol) Yield (%)

1 (0.092 mL) 7.8 1.5 (0.138 mL) 16.5

2 (0.185 mL) 21.1 3 (0.276 mL) 22.6

Fig. S18 Evaluation of different mount of H2O2. Yields determined by HPLC.

We also explored the effect of the the mount of H2O2 on the reaction (Fig. S18). The 

mount of H2O2 changed from 1 mmol to 3 mmol, the corresponding yield of phenol 
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was found steadily increased from 7.8% to 21.1%. However, peroxide by-products 

were found when the H2O2 increased to 3 mmol. Consider the economic factors, the 

H2O2 amount was added 2 mmol (2 equiv. to benzene) for the optimal reaction selection 

with the phenol yield of 12.1%.

5.2.6 Catalytic performance of different reaction time

OHH

1 mmol

1 mg Cu2O-rGO
2 mmol H2O2

1.5 mL CH3CN, 40 oC, Time

Time (h) Yield (%) Time (h) Yield (%)

3 3.2 5 8.8

8 13.3 10 17.5

12 21.2 15 22.3

Fig. S19 Evaluation of different reaction time. Yields determined by HPLC.

The effect of the reaction time about the benzene hydroxylation surveyed from 3 to 15 

h. The phenol yield increased from 1.2% to 12.3%. When the reaction time to 12 hours, 

the yield basically no longer changed, but the more peroxide by-products were 

discovered. 

6. Kinetic analysis for the hydroxylation

The kinetic analysis of the benzene oxidation to phenol catalyzed by the Cu2O-rGO 

system using H2O2 as oxidant was carried out following the general experimental 

procedure. 10 seconds after the addition of the benzene to the Cu2O-rGO/H2O2 mixture, 

a sample of the mixture (5% of the total volume) was transferred to a vial and dissolved 

in 1.8 mL of EtOAc. This same procedure was repeated at different times of the reaction 

(i.e. 3 h, 5 h, 8 h, 10 h, 12 h, etc.). The samples were injected into the HPLC after 

filtrating the EtOAc solutions.
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The concentration of product (phenol) was plotted against time. The reaction rates were 

calculated using the initial rates approximation (Fig. S20). We plotted the reaction rates 

at different mounts of Cu2O-rGO, H2O2, and benzene, and observed that these rates are 

linearly dependent on the catalysts and oxidant concentration, and independent of the 

substrate concentration (Fig. S21).

OHH
Cu2O-rGO, H2O2

CH3CN, 40 oC

Entry Cu2O-rGO(mg) H2O2(mM) Benzene(mM) Rate (mM/min-1)

S1 1 2.0 3.0 0.031

S2 1.5 2.0 3.0 0.042

S3 2.0 2.0 3.0 0.057

S4 2.5 2.0 3.0 0.065

S5 2.5 1.0 3.0 0.026

S6 2.5 1.5 3.0 0.045

S7 2.5 1.8 3.0 0.056

S8 2.5 2.0 2.0 0.062

S9 2.5 2.0 4.0 0.066

Fig. S20 The kinetic analysis of the benzene oxidation to phenol catalyzed by the Cu2O-rGO/H2O2 

system. Yields determined by HPLC.

A) B) C)

Cu2O-rGO/mg H2O2/mmol
1.0 2.0 3.0

Benzene/mmol

Fig. S21 Plots of the reaction rates vs. A) Cu2O-rGO, B) H2O2 and C) Benzene.
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7. The poisoning tests of Cu2O-rGO catalyst

OHH
Cu2O-rGO, additive

H2O2, CH3CN, 40 oC

Entry additive Yield (%)

1 Na2S (2.0 equiv.) Trace

2 CS2 (0.5 equiv.) Trace

Fig. S22 The poisoning tests for the hydroxylation by Cu2O-rGO.

From the poisoning tests, that the Na2S (2 equiv.) or CS2 (0.5 equiv.) was respectively 

added to the standard initial reaction between benzene and H2O2, almost no product 

was found after reaction for 12 hours. All of these evidenced that the Cu2O NPs as the 

catalytic active center of the heterogeneous catalyst.

8. A proposed reaction mechanism with •OOH for the hydroxylation

Fig. S23 A proposed reaction mechanism for the benzene oxidation to phenol by the Cu2O-rGO 

catalysts.

The proposed radical mechanism of the benzene oxidation to phenol by the Cu2O-rGO 

catalysts with was shown in Fig. S23. First of all, the Cu2O-rGO reacted with H2O2 to 

generate CuII-OH and a •OH in a Fenton-like fashion.s7 At the same time, the generation 

•OH would react with excess H2O2 to produce •OOH for another pathway for the 

hydroxylation reaction. In this reaction pathway, the •OH reacted with H2O2 to produce 
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•OOH and Cu2O-rGO would also be regenerated that the Cu(II)-OH is reduced by H2O2 

to produce •OOH. Subsequently, •OOH reacted with benzene to produce the •OOH 

adduct of benzene as the rate-determining step (RDS). The subsequent fast hydrogen 

abstraction from H2O2 by the •OOH adduct produces phenol and H2O.s8

Table S1 Catalyst activity of different carbon materials for benzene hydroxylation to phenol in 

references.

References

s1. (a) Y. Li, Y. Hu, Y. Zhao, G. Q. Shi, L. Deng, Y. B. Hou and L. T. Qu, Adv. Mater., 2011, 23, 

776-780; (b) X. J. Xie, L. T. Qu, C. Zhou, Y. Li, J. Zhu, H. Bai, G. Q. Shi and L. M. Dai, ACS nano, 

2010, 4, 6050-6054.

23

Entry Catalyst T. (oC) Conv. (%) Yield (%) Ref

1 CNT 60 6.3 5.8 s9

2 Activated carbon 60 1.8 1.7 s9

3 FG7-10 60 1.5 1.4 s9

4 Nanodiamond 60 0.5 0.4 s9

5 Acetylene black 60 0.1 0.1 s9

6 MWCNTs 60 4.13 1.6 s10

7 HPC 60 4.13 4.14 s11

8 CCG 60 18.5 18.4 s12

9 VPO@GO 60 32.5 32.4 s13

10 V-g-C3N4 60 9.7 9.6 s14

11 VO2-defects/MWCNTs 60 23.7 22.1 s15

12 Co-ISA/CNS 25 68 61 s16

13 Cu2O-rGO 40 24.8 21.2 This work
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