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Abstract 

Phenol is one of the most important chemicals in industry. One-step selective 

benzene hydroxylation is an attractive yet challenging method for phenol production, 

especially when such a reaction can be driven by solar energy. Herein, we reported 

that a highly selective benzene hydroxylation to phenol can be achieved over two 

Fe-based metal-organic frameworks (MIL-100(Fe) and MIL-68(Fe)) under visible 

light irradiations using hydrogen peroxide (H2O2) as an oxidant. An optimum benzene 

conversion of 30.6% was achieved with a H2O2/benzene ratio of 3:4 over MIL-100(Fe) 

after 24 h irradiations. ESR results and the kinetic studies suggested that a successful 

coupling of the photocatalysis of Fe-O clusters in Fe-based MOFs with a Fenton-like 

route is involved in this benzene hydroxylation process. The comparison of the 

reaction over MIL-100(Fe) and MIL-68(Fe) reveals that the structure of MOFs 

significantly influences the photocatalytic efficiency. Since the composition and the 

structure of MOFs are highly tunable, this study highlights the great potential of using 

Fe-based MOFs for photocatalytic benzene hydroxylation to form phenol, which may 

result in an economical, sustainable and thus green process for phenol production. 

Keywords: benzene hydroxylation; phenol; photocatalysis; Fe-based metal-organic 

frameworks; H2O2 
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Introduction 

Phenol is one of the most important chemicals in industry.1 Currently, phenol 

production is based upon the three-step cumene process, which involves a hazardous 

cumene hydroperoxide intermediate and produces nearly equimolar amounts of 

acetone as co-product.1,2 An attractive route in phenol production is the direct 

one-step selective hydroxylation of benzene using environmentally friendly oxidants 

such as O2, N2O and H2O2.
3 In particular, the direct hydroxylation of benzene to form 

phenol with H2O2 has attracted extensive recent research attention since this process is 

green and clean, producing only water as a byproduct. However, the direct 

introduction of hydroxyl functionality into benzene is challenging. Almost all the 

developed catalytic systems require elevated temperature and suffer from low 

conversion due to the notoriously low reactivity of aromatic C−H bonds.4 Moreover, 

increased reactivity of phenol relative to benzene makes the selective oxidation of 

benzene to phenol very difficult, especially under heating conditions.5 

The utilization of solar light to drive chemical reactions is extremely appealing.6 

Especially, the selective hydroxylation of benzene to phenol via photocatalysis has 

attracted increasing research interest.7 A few photocatalysts, including homogeneous 

and metal-doped heterogeneous catalysts, have already been reported on the selective 

hydroxylation of benzene to phenol.8 However, the performance of the currently 

developed photocatalytic systems for the benzene hydroxylation reaction is far from 

satisfactory. In addition to low benzene conversion and inferior phenol selectivity, 

homogeneous photocatalysts are difficult to be separated from the reaction system, 

while the leaching of the active species from metal-doped heterogeneous catalysts is 

unavoidable. The development of new type of photocatalysts with superior 

performance for highly selective hydroxylation of benzene is important, yet it is 

challenging. 

Metal-organic frameworks (MOFs) are a class of crystalline micro-mesoporous 

hybrid materials which have already shown a variety of applications.9 Previous 

studies have revealed that MOFs can be described as an array of self-assembled 

molecular catalysts. The light irradiations on the MOFs can lead to the generation of 

electrons and holes which can take part in the redox reactions in close vicinity even 

though their mobility is low as compared with those in semiconductors.10 This, in 

combination with the inherent large surface areas, uniform but tunable cavities of 
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MOFs and their tailor-able chemistry, make MOFs to be promising photocatalysts. 

Actually, although studies on the photocatalysis based on MOFs is still in its infancy 

stage, the applications of MOFs in photocatalytic CO2 reduction,11 organic 

transformations,12 hydrogen evolutions,13 as well as pollutants degradations14 have 

already been demonstrated. Among all the reported MOF-based photocatalysts, 

Fe-containing MOFs are extremely attractive since Fe is an earth-abundant element 

and Fe-based MOFs show intensive absorption in visible light region due to the 

existence of iron-oxo (Fe-O) clusters.11a,14 In addition, the activation of H2O2 to 

radicals (·OH) via Fenton-like route over Fe-based MOFs as well as Fe-containing 

complexes have been documented.15 Given the coupling of photocatalysis based on 

the Fe-O clusters with activation of H2O2 over Fe-based MOFs is successful, the 

Fe-based MOFs would be promising photocatalysts for benzene hydroxylation to 

produce phenol. 

Herein, we report the photocatalytic benzene hydroxylation to phenol with H2O2 

over two water-stable Fe-based MOFs, MIL-100(Fe) and MIL-68(Fe). Factors 

influencing the performance were investigated and a possible photocatalytic 

mechanism of benzene hydroxylation over Fe-based MOFs was proposed. This is the 

first demonstration that MOF material can be used for photocatalytic benzene 

hydroxylation and highlights the great potential of developing MOFs as photocatalyst 

for organic synthesis. 

Results and discussion 

MIL-100(Fe), a three-dimensional porous MOF material, was first chosen in the 

photocatalytic benzene hydroxylation reaction. MIL-100(Fe) is built up from 

supertetrahedra consisting of trimers of FeO6 octahedra sharing a common vertex 

µ3-O, which delimits two types of mesoporous cages (Figure 1a).16 The preparation of 

MIL-100(Fe) followed a modified procedure reported previously.16b The XRD 

patterns and the N2 adsorption/desorption isotherms of the as-prepared product 

confirm that pure phase of MIL-100(Fe) with high quality has been obtained (Figure 

2a and S1). The UV-vis spectrum of MIL-100(Fe) shows an absorption edge 

extending to around 600 nm, in agreement with its orange color (Figure 2b). 

The benzene hydroxylation reaction was initially carried out in acetonitrile 

(CH3CN) with a H2O2/benzene ratio to be 1:2 under visible light irradiations (Table 1, 

entry 1). It was found that MIL-100(Fe) can effectively hydroxylate benzene to give 
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phenol in the presence of H2O2 as oxidant. The conversion of benzene reached 10.3% 

and a high selectivity to phenol (>99%) was achieved after irradiated for 8 h. No 

over-oxidation products such as diphenol or quinone derivatives were detected. 

Control experiments carried out in absence of MIL-100(Fe) or without light 

irradiations did not give any detectable products, suggesting that the hydroxylation of 

benzene to phenol over MIL-100(Fe) is really induced by photocatalysis (Table 1, 

entry 2 and 3). 

Solvent played an important role in this reaction. As shown in Table 1 (entry 4-7), 

the benzene conversion ratio over MIL-100(Fe) as well as its selectivity to phenol 

varied in different solvents. Among all the solvents investigated, a mixed solvent 

containing CH3CN/H2O (v/v =1:1) gave the best performance by showing the highest 

benzene conversion ratio at 13.6% without sacrificing the selectivity to phenol (98%) 

(Table 1, entry 7). It is obvious that the reaction carried out in the mixed solvent is 

more effective in benzene hydroxylation in view of both the benzene conversion and 

phenol production as compared with that in CH3CN or H2O only. An explanation to 

its superior performance in this biphasic system is that the benzene hydroxylation 

occurs in the aqueous phase in the cavity of the MOFs since the large inner surface 

area of MIL-100(Fe) is hydrophilic and is easy for the aqueous phase component to 

diffuse into the cavities (Figure S2).17a Moreover, the presence of suitable amount of 

CH3CN not only increases the concentration of benzene in the aqueous phase which is 

favorable for the aqueous benzene hydroxylation reaction, but also can extract phenol 

produced into organic phase to minimize the over-oxidation of phenol by reducing the 

contact between phenol and catalyst. Such a promoting effect played by the mixed 

solvent was also observed previously in the benzene hydroxylation with H2O2 over 

some Fe-containing homogeneous complexes.17b 

Since the ratio of H2O2/benzene can influence the efficiency of the benzene 

hydroxylation, the performance of MIL-100(Fe) for the benzene hydroxylation was 

investigated in different H2O2/benzene ratio. When H2O2/benzene ratio increased 

from 1:2 to 3:2, the conversion of benzene in 8 h increased from the original 13.6% to 

22.5%, but a slightly reduced selectivity to phenol from the original 98% to 92% was 

also observed (Table 1, entry 7-10). The reduced selectivity in the presence of 

excessive H2O2 with a H2O2/benzene ratio at 3:2 was mainly due to the hydroxylation 

of phenol by H2O2 to form hydroquinone at ca. 5% yield as well as the oxidation of 
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phenol to form p-benzoquinone at ca. 2.3% yield. This phenomenon was also 

observed in benzene hydroxylation catalyzed by TS-1.18 However, no byproducts 

were detected over the reactions in other H2O2/benzene ratio. A H2O2/benzene ratio at 

3:4 gave a benzene conversion of 20.1%, a value only slightly lower than that 

observed over a H2O2/benzene ratio of 3:2 (22.5%), but can still maintain a high 

selectivity (98%) to phenol production (Table 1, entry 8). Therefore, a H2O2/benzene 

ratio of 3:4 was used in the following experiments. Figure 3a shows the 

time-dependent conversion of benzene during the hydroxylation reaction. The 

conversion of benzene increased with the reaction time and, due to the depletion of 

H2O2, reached a maximum benzene conversion of 30.6% after 24h illumination. The 

addition of H2O2 into the system can recover the reaction (Figure S3). 

The current photocatalytic system showed superior performance in terms of both 

benzene conversion and selectivity to phenol as compared with those reported 

previously, like Fe-g-C3N4/SBA-15 (11.9%), Fe-CN/TS-1 (10.4%) and 

Au/Ti0.98V0.02O2 (18.0%).19 Unlike the above mentioned photocatalytic systems which 

require heating or UV light irradiations, only visible light is necessary for the current 

system. Moreover, H2O2 efficiency in the current photocatalytic system (26%) is 

higher as compared with the above mentioned systems (Table S1), such as 

Fe-g-C3N4/SBA-15 (20.7%), Fe-CN/TS-1 (18%) and Au/Ti0.98V0.02O2 (10.7%). 

No further conversion of benzene occurred when MIL-100(Fe) was removed 

from the reaction system at 4 h (Figure 3b). The ICP analysis on the filtrate revealed 

no detectable Fe, indicating that the benzene hydroxylation is truly induced by 

heterogeneous MIL-100(Fe). Cycling test showed that there was no obvious loss of 

the photocatalytic activity after three runs of reactions (Figure 4). Besides these, the 

XRD and N2 adsorption of the photocatalyst after the reaction did not show much 

change (Figure S4 and S5). All these suggest that MIL-100(Fe) can hydroxylate 

benzene to produce phenol under visible light and is stable during the photocatalytic 

reaction. 

Furthermore, it was found that the experiment can be scaled up without obvious 

decrease of the performance. A comparable benzene conversion (19.8%) was still 

observed in 8h when the reaction was scaled up by a factor of 10 (Table 1, entry 11). 

To gain insight into the reaction mechanism, the kinetic isotope effect (KIE) was 

examined. The KIE was defined as kH/kD, in which kH and kD referred to the rate 
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constant for the benzene hydroxylation reaction carried out over benzene and 

benzene-d6, respectively. A plot of lnCt/C0 (C0 and Ct are the concentration of benzene 

or benezene-d6 at 0 and t time, respectively) versus time was obtained (Figure 5). The 

KIE value was determined to be 1.67, which was close to the value (1.7) for 

Fenton-type hydroxylation.20 This suggests that a Fenton-type reaction is likely to be 

involved in the photocatalytic benzene hydroxylation over MIL-100(Fe). The benzene 

hydroxylation to produce phenol by H2O2 is generally believed to be proceeded via an 

oxygenation pathway induced by the in-situ formed ·OH.7 The ESR spectrum of the 

irradiated reaction system containing MIL-100(Fe), benzene and H2O2 in the presence 

of 5,5-dimethyl-1-pyrroline N-oxide (DMPO) as a trapping agent shows four typical 

signals for the DMPO-·OH adduct and thus confirmed the formation of ·OH radicals 

during the photocatalytic reaction (Figure 6a). Moreover, the addition of ethanol, 

a ·OH radical scavenger, into the catalytic system completely inhibited the benzene 

hydroxylation and no phenol was detected (Figure 3c). This gives another 

confirmation that benzene hydroxylation over MIL-100(Fe) truly follows a ·OH 

radical mediated oxygenation pathway. It was proposed that the ·OH radical in this 

system can be generated via the reduction of H2O2 by Fe2+ formed over the irradiated 

MIL-100(Fe), similar to that observed in the homogeneous Fe-containing complex via 

a Fenton-like reaction.15b Actually, the ESR signal corresponding to Fe3+ observed in a 

suspension of MIL-100(Fe) and benzene was quenched when visible light was 

irradiated, implying that upon the light irradiation, Fe3+ was reduced to generate Fe2+ 

(Figure 6b). A similar reduction of Fe3+ to form Fe2+ upon light irradiation was 

previously observed over MIL-101(Fe), another Fe-based MOFs, and was found to be 

responsible for its photocatalytic CO2 reduction.11a 

Based on the above observations, the mechanism for photocatalytic benzene 

hydroxylation to phenol over MIL-100(Fe) was proposed (scheme 1). First, when 

irradiated, an excited charge separation state occurs in MIL-100(Fe) by transferring 

electrons from O2- to Fe3+ in the Fe-O clusters and Fe3+ is thus reduced to Fe2+ (step 

ⅰ). The as-formed Fe2+ can reduce H2O2 to generate active ·OH via a Fenton-like 

reaction, while itself was oxidized back to Fe3+ (step ⅱ). The ·OH radical can attack 

benzene ring to form hydroxycyclohexadienyl radical (step ⅲ). The release of the 

proton and electron from the hydroxycyclohexadienyl radical leads to the formation 

of phenol and regenerates the Fe-based MOF to fulfill the photocatalytic cycle (step 
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ⅳ). 

To further explore how the structure of the MOFs can influence its photocatalytic 

performance for benzene hydroxylation, MIL-68(Fe), another water-stable Fe-based 

MOFs, was chosen and its photocatalytic activity for benzene hydroxylation was also 

investigated. Unlike MIL-100(Fe), MIL-68(Fe) is assembled from the infinite straight 

chains of corner-sharing FeO4(OH)2 octahedra connected through a terephthalate 

linker, defining two types of one-dimensional channels (Figure 1b).21 The XRD 

patterns and N2 adsorption/desorption of as-synthesized MIL-68(Fe) confirmed that 

MIL-68(Fe) with high quality was obtained (Figure S6). Although benzene was also 

hydroxylated to form phenol over the irradiated MIL-68(Fe) (Table 1, entry 12), a 

lower benzene conversion (14%) and phenol selectivity (90%) were observed over 

MIL-68(Fe) as compared with those over MIL-100(Fe) (benzene conversion, 20.1%, 

selectivity to phenol 98%). It is generally known that the light absorption by the 

photocatalyst to generate the charge carriers is the initial step for photocatalysis. The 

comparison of the DRS spectra of MIL-100(Fe) and MIL-68(Fe) reveals that 

MIL-100(Fe) shows much intensive absorption in the visible light region (Figure 2b). 

Therefore, an enhanced light absorption of MIL-100(Fe) as compared with 

MIL-68(Fe) may contribute to its superior photocatalytic performance for benzene 

hydroxylation. Besides this, previous studies on the catalytic activities for aerobic 

oxidation of alcohols over a trinuclear ruthenium carboxylate catalyst 

Ru3O(O2CCH3)6(H2O)3, revealed that framework containing µ3-O played an 

important role in its catalytic performance. It was believed that the existence of µ3-O 

could promote the formation of a pronounced electronic delocalized state in Ru3O 

cluster, which could help the electron transfer from metal ion to oxidant (O2) to form 

active species (O2�
-).22,23 Since MIL-100(Fe) also contains µ3-O in its framework, the 

formation of the electronic delocalized state in Fe3O cluster can also promote the 

electron transfer from the metal center to the substrate. Actually, in addition to 

showing higher activity for benzene hydroxylation to form phenol, MIL-100(Fe) also 

exhibited improved performance in the oxidation of benzyl alcohol. The conversion of 

benzyl alcohol to benzaldehyde over MIL-100(Fe) (44.4%) was much higher than that 

over MIL-68(Fe) (32.7%) in 12 h. These facts indicated that structures of MOFs 

indeed affect the catalytic performance. Since the composition, structure of MOFs as 

well as its light absorption capability can be facilely tailorable, an enhanced 
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photocatalytic performance for benzene hydroxylation over the Fe-based MOFs can 

be expected via a judicious selection of the organic ligand to form an optimum MOF 

structure. 

Conclusions 

In conclusion, we demonstrated that MIL-100(Fe) and MIL-68(Fe), two 

Fe-based MOFs, can selectively hydroxylate benzene to produce phenol under visible 

light irradiations using aqueous H2O2 as oxidant. This study highlights Fe-based 

MOFs to be promising photocatalysts for benzene hydroxylation, which may result in 

an economical, sustainable and thus green process for phenol production. Considering 

the diversified MOF structure due to the availability of different varieties of organic 

linkers as well as the versatile coordination chemistry of the metal cations, we 

believed that more efficient Fe-based MOF photocatalysts for selective benzene 

hydroxylation to produce phenol can be developed. 

Experimental Sections 

Materials. 1,3,5-Benzenetricarboxylic acid were provided by J&K Scientific Co. 

1,4-Benzenedicarboxylic acid were provided by Aladdin Co. Iron(III) nitrate 

nonahydrate and iron (III) chloride hexahydrate were provided by Shanghai Chemical 

Reagent Co. 5,5-Dimethyl-1-pyrroline N-oxide (DMPO) were provided by TCI Co. 

All the reagents were analytical grade and used without further purifications. 

Synthesis. MIL-100(Fe) was prepared following the procedure described in the 

literature with slight modification.16b Typically, iron(III) nitrate nonahydrate (484 mg, 

1.2 mmol) and 1,3,5-benzenetricarboxylic acid (210 mg, 1.0 mmol) were dissolved in 

deionized water (5 mL). Then, the resulting solution was stirred and transferred to a 

Teflon autoclave liner and sealed to heat at 180 °C for 12 h. After a period time, the 

autoclave was cooled down to room temperature in air. The obtained yellow solid was 

recovered by filtration and washed with deionized water and methanol for several 

times. The synthesized MIL-100(Fe) was finally dried overnight at 60 °C in oven. 

MIL-68(Fe) was prepared according to the method reported in the literature.15a 

Typically, a mixture of iron (III) chloride hexahydrate (1.2 mmol, 324 mg), 

1,4-benzenedicarboxylic acid (2.4 mmol, 798 mg), hydrofluoric acid (5 mol/L, 0.12 

mL), and hydrous hydrochloride (1 mol/L, 0.12 mL) was dissolved in 

N,N-dimethylformamide (18 mL) in a Teflon-lined autoclave. After sonication to be a 
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homogeneous solution, the mixture was heated at 100 °C for 120 h. After a period 

time, the autoclave was cooled down to room temperature in air. The obtained solid 

was recovered by filtration and washed with N,N-dimethylformamide and methanol 

for several times. The synthesized MIL-68(Fe) was finally dried overnight at 60 °C in 

oven. 

Characterizations. The as-prepared sample was characterized by X-ray diffraction 

(XRD) patterns on a D8 Advance X-ray diffractometer (Bruker, Germany) using Cu 

Kα (λ= 1.5406 Å) radiation at a voltage of 40 kV and 40 mA. XRD patterns were 

scanned over the angular range of 5-30° (2θ) with a step size of 0.02°. N2 

adsorption/desorption experiments were measured with an ASAP 2020 M 

(Micromeritics Instrument Corp). After the sample was degassed in a vacuum at 

150°C for 10 h, the nitrogen adsorption and desorption isotherms were measured at 

-196°C. UV-vis diffuse reflectance spectrum (UV-vis DRS) was obtained by a UV-vis 

spectrophotometer (Varian Cary 500). Barium sulfate (BaSO4) was used as a reference. 

The ESR spectra were performed on a Bruker A300 ESR spectrometer. Fe content in 

filtrate was determined using Inductively Coupled Plasma Optical Emission 

Spectroscopy (ICP-OES, Perkin-Elmer, OPTIMA 8000). 

Photocatalytic reaction. The photocatalytic benzene hydroxylation was performed as 

follows. In a typical catalytic process, a mixture of acetonitrile (2 ml), water (2 ml) 

and benzene (44µL, 0.5 mmol) was transferred into a 10 mL schlenk tube containing 

10 mg of catalyst. The resulting biphasic system was stirred with dropwise addition of 

hydrogen peroxide (30 wt%, 39µL, 0.38mmol) and irradiated with a 300 W Xe lamp 

with a UV-cut filter to remove light with wavelengths less than 420 nm and an IR-cut 

filter to remove all wavelengths longer than 800 nm (Figure S7). After the reaction, 

the whole system was cooled down with ice-water, followed by the addition of 

ice-cooled ethanol (2 mL) to quench the reaction, which turn the biphasic system to a 

single-phase system. The products of the reaction were analyzed by a gas 

chromatograph (Shimadzu GC-2014) and GC-MS with toluene as the internal 

standard. H2O2 concentration was determined by colorimetric titration method based 

on the formation of a yellow colored Ti(IV)-H2O2 complex. The reaction solution 

(210 µL) was added to Ti(SO4)2 solution (25 mmol/L, 5 mL) and was diluted to 50 

mL. The resultant solution was analyzed using a UV/Vis spectrophotometer and the 

adsorption peaks at 430 nm for Ti(IV)-H2O2 complex were monitored.  
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Upscaling experiment was conducted under the similar conditions in a home-made 

reactor. Briefly, a mixture of acetonitrile (20 ml), water (20 ml) and benzene (440µL, 

5 mmol) was transferred into the home-made reactor containing 100 mg of catalyst. 

The resulting biphasic system was stirred with dropwise addition of hydrogen 

peroxide (30 wt%, 390µL, 3.8mmol) and irradiated with a 300 W Xe lamp with a 

UV-cut filter to remove light with wavelengths less than 420 nm and an IR-cut filter 

to remove all wavelengths longer than 800 nm. After the reaction, the process of 

treatment and products detection are similar to the previous reported. 

The labeling experiments were performed over benzene and benzene-d6, respectively, 

under standard reaction conditions. The kinetic isotope effect (KIE) is defined as 

kH/kD, in which kH and kD is the rate constant for the benzene hydroxylation reaction 

carried out over benzene and benzene-d6 respectively. 
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Figure 1 (a) Topological view of MIL-100 with MTN-type zeolitic architecture; (b) 

View of the structure of MIL-68 involving two types (hexagonal and trigonal) of 

channels running through the c-axis. 

(a) 

(b) 

b 

a c 
FeO4(OH)2  
octahedra 
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Figure 2 (a) XRD patterns of MIL-100(Fe); (b) Uv-vis spectra of MIL-100(Fe) and 

MIL-68(Fe). 

(a) 

as-synthesized 

calculated 

(b) 

MIL-100(Fe) 
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Figure 3 Conversion ratio of benzene as a function of irradiation time in 

hydroxylation reaction over (a) MIL-100(Fe); (b) reaction system after MIL-100(Fe) 

was removed after irradiated for 4 h; (c) 1 mL ethanol was added to the reaction 

system. 
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(b) 
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Figure 4 The cycling use of MIL-100(Fe) for photocatalytic benzene hydroxylation. 

1st run 2nd run 3rd run 
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Figure 5 Kinetics studies for the benzene hydroxylation reaction. 

R1=0.997 
benzene (kH=0.02 min-1) 

R2=0.999 
benzene-d6  
(kD=0.012 min-1) 
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Figure 6 (a) The DMPO spin-trapping ESR spectra for the ·OH radical in the 

presence of MIL-100(Fe) under visible light irradiation (λ≥420nm); (b) ESR spectra 

of a mixture of MIL-100(Fe) and benzene in the dark and upon irradiations. 

(a) 

(b) 

in the dark 

after light 
irradiation 
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Table 1 Photocatalytic benzene hydroxylation to form phenol over Fe-based MOFs. 

 

Entry Catalyst Solvent 
H2O2/ 

benzene 
Conv./% Sel./% 

Yield/ 

µmol 

1 MIL-100(Fe) CH3CN 1:2 10.3 >99 51.5 

2 [a]  CH3CN 1:2 - [d] - - 

3 [b] MIL-100(Fe) CH3CN 1:2 - - - 

4 MIL-100(Fe) acetone 1:2 2.4 99 11.9 

5 MIL-100(Fe) DMF 1:2 3.3 76 12.5 

6 MIL-100(Fe) H2O 1:2 8.3 85 35.5 

7 MIL-100(Fe) 
CH3CN/H2O 

(1:1) 
1:2 13.6 98 66.5 

8 MIL-100(Fe) 
CH3CN/H2O 

(1:1) 
3:4 20.1 98 98.5 

9 MIL-100(Fe) 
CH3CN/H2O 

(1:1) 
2:2 21.7 96 104 

10 MIL-100(Fe) 
CH3CN/H2O 

(1:1) 
3:2 22.5 92 103.5 

11 [c] MIL-100(Fe) 
CH3CN/H2O 

(1:1) 
3:4 19.8 98 97 

12 MIL-68(Fe) 
CH3CN/H2O 

(1:1) 
3:4 14 90 63 

Reaction conditions: benzene (0.5 mmol), H2O2, photocatalyst (10 mg), solvent (4 

mL), light irradiation (λ ≥ 420 nm), 8 h. [a] Without photocatalyst. [b] Without light 

irradiation. [c] The reaction was scaled up by 10 times. [d] “-” refers to no or 

negligible products were detected.  
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Scheme 1 Possible reaction mechanism for the photocatalytic benzene hydroxylation 

over MIL-100(Fe). 
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