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Abstract 

Using the open N, N’-chelating sites of MOF-253 (Al(OH)(dcbpy)) 

(dcbpy=2,2'-bipyridine-5,5'-dicarboxylic acid)to coordinate with Re(I), a surface 

supported Re complex MOF-253-Re(CO)3Cl active for photocatalytic CO2 reduction 

was obtained. Unlike the homogeneous bipyridine containing Re complexes which 

produced CO during photocatalytic CO2 reduction, the as-obtained 

MOF-253-Re(CO)3Cl produced formate as the main CO2 reduction product. In 

addition, the surface supported MOF-253-Re(CO)3Cl showed superior photocatalytic 

performance than its homogeneous counterpart, in which the usual formation of the 

bimolecular Re intermediate leading to the deactivation of the homogeneous Re 

complex was significantly inhibited in MOF supported Re complex. To enhance the 

light absorption of MOF-253-Re(CO)3Cl, a surface supported Ru sensitizer was 

simultaneously constructed in it. Via an efficient charge transfer from Ru sensitizer to 

Re catalytic center, which resembles the construction of Ru-Re supramolecular 

structure using covalent bonds, the Ru sensitizedMOF-253-Re(CO)3Cl showed 

superior photocatalytic CO2 reduction under visible light. This study demonstrates the 

possibility of using MOF with open coordination sites as a multifunctional platform 

for the construction of stable hybrid systems for artificial photosynthesis. 
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Introduction 

CO2 is a greenhouse gas and the ever increasing combustion of the fossil fuel 

leads to an excessive emission of CO2 into the atmosphere which results in global 

warming. [1-5] Although the capture and sequestration of CO2 from post-combustion 

effluents is an accepted working approach, the use of CO2 as a C1 building block to 

produce high-value chemicals via catalytic transformations would be more desirable, 

especially when such a transformation can be realized by utilization of solar light. 

However, CO2 has exceptional thermodynamic stability and the direct one-electron 

reduction of CO2 to the radical anion CO2
•− is energetically demanding (−1.97 V vs 

NHE). Although multiple electron reduction products like CO, HCOOH, CH3OH and 

CH4 can be produced at significantly less negative potentials, their generations are 

kinetically unfavorable and metal complexes with redox active metal centers and 

inter-changeable ligands are usually required to realize such multi-electron redox 

reactions. [6-11] ReI diimine complexes [Re(N, N’)(CO)3X] (X=Me, Cl−, etc) have 

been recognized to be efficient catalysts for CO2 reduction to produce CO or HCOO− 

via two-electron proton coupled reduction pathways. [12-18] However, these Re 

diimine complexes showed poor absorption in visible light region. To be applied in 

photocatalytic CO2 reduction under visible light, bimetallic M-Re (M=Ru, Ir, Os) 

supramolecular structures by attaching Re complexes to photosensitizers via covalent 

bonds should be constructed. [19-24] However, the preparations of such 

supramolecules are usually challenging and tedious. In addition, these supramolecules 

also suffer from all the disadvantages of being homogeneous catalysts, like the 

difficultly in separation from the reaction systems for recycling.  

The use of porous materials as supports to heterogenize the homogeneous 

catalysts is a generally adopted strategy. [25-29] Metal-organic frameworks (MOFs), a 

class of porous materials constructed from the metal/metal clusters and poly-dentated 

organic ligands, have been targeted as attractive supports for the molecular catalysts 

over the past years, due to their well-defined and highly tunable porous structures. 

[29-45] MOFs can offer or be endowed with well defined isolated sites for anchoring 

of catalytic active species. Actually, MOFs-supported molecular catalysts for a variety 

of organic transformations have been obtained. [46-49] Especially, a direct 

construction of metal complexes using MOFs themselves as solid ligand is an ideal 
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strategy to develop supported molecular catalysts without losing their performance. 

[25, 50, 51] With opening N, N’-chelating sites in its structure, MOF-253 

(Al(OH)(dcbpy)) (dcbpy=2,2'-bipyridine-5,5'-dicarboxylic acid) is an ideal solid 

ligand for construction of surface supported metal complex featuring bpy ligands. 

Actually several previous studies have already been conducted on the 

functionalizations of MOF-253 with Ru, Pt, Ln (Ln = Eu, Tb, Sm) containing 

complexes using its open N, N’-chelating sites. [52-55]  

Herein, we reported the use of open N, N’-chelating sites in MOF-253 to 

construct supported active Re carbonyl complex MOF-253-Re(CO)3Cl for 

photocatalytic CO2 reduction under visible light. Unlike the homogeneous bipyridine 

containing Re complexes which produced CO during photocatalytic CO2 reduction, 

the as-obtained MOF-253-Re(CO)3Cl produced formate as the main CO2 reduction 

product. The as-obtained MOF-253-Re(CO)3Cl is more stable than its homogeneous 

counterpart Re(dcbpy)(CO)3Cl since the usual formation of the bimolecular Re 

intermediate leading to the deactivation of the homogeneous Re complex was 

significantly inhibited in MOF supported Re complex ascribed to the spatially isolated 

Re moieties in MOF-253. [56-57] To enhance the light absorption capability of 

MOF-253-Re(CO)3Cl, a surface supported Ru sensitizer was simultaneously 

constructed in MOF-253-Re(CO)3Cl. Via an efficient charge transfer from Ru 

sensitizer to Re catalytic center, the Ru sensitized-MOF-253-Re(CO)3Cl show 

superior performance for photocatalytic CO2 reduction under visible light. The use of 

MOF-253 as a platform for assembling Ru photosensitizer and Re catalyst resembles 

the construction of the light chromophores with catalytic components via covalent 

bonds to form the supramolecular structures reported previously, but is more facile in 

synthesis. This study demonstrates the possibility of using MOF with open 

coordination sites as a multifunctional platform for the construction of stable hybrid 

systems for artificial photosynthesis. 

Experimental 

Preparations 

All the chemicals were obtained commercially and used without further 

purifications. MOF-253 was synthesized following the previous literature. [52] 

MOF-253-Re(CO)3Cl was synthesized from MOF-253 and Re(CO)5Cl under 

refluxing. Before reaction, MOF-253 was de-solvated under vacuum at 150 °C 

overnight. The vacuum-treated MOF-253 (428.7 mg, 1.5 mmol) and Re(CO)5Cl 
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(108.5 mg, 0.3 mmol) were refluxed in anhydrous toluene (60 ml) for 2 h in N2 

atmosphere. After the reaction, the resultant powder was filtered, washed with MeOH 

and dried under vacuum to give the yellow product (147.2 mg, 83%). 

Sensitized-MOF-253-Re(CO)3Cl was prepared by reacting MOF-253-Re(CO)3Cl 

with Ru(bpy)2Cl2 (bpy=2,2'-bipyridine) in MeOH. Ru(bpy)2Cl2 (2.0 mg, 2.6 μmol) 

was dissolved in a minimum amount of MeOH. MOF-253-Re(CO)3Cl (50.0 mg) was 

added to the above solution and the resultant suspension was incubated at room 

temperature for 12 h. The resultant product was washed with MeOH for several times 

and dried at 60 ºC under vacuum to obtain a deep orange powder. For comparison, 

Ru(bpy)2Cl2 supported on MOF-253 (MOF-253-Ru) was prepared by reacting 

Ru(bpy)2Cl2 with MOF-253.  

Homogeneous Re(dcbpy)(CO)3Cl was prepared according to the method 

reported previously with slight modifications. [18, 58] Re(CO)5C1 (289 mg, 0.8mmol) 

was dissolved in toluene at 60 °C and dcbpy (195 mg, 0.8 mmol) was added to the 

above solution, causing a color change from pale yellow to deep red. The mixture was 

stirred and heated at 80 °C for 2 h. The suspension was filtered and the product was 

washed with MeOH and dried under vacuum to obtain the red product. 

Characterizations 

X-ray diffraction (XRD) patterns were collected on a Bruker D8 Advance X-ray 

diffractometer with Cu Kα radiation. The accelerating voltage and the applied current 

were 40 KV and 40 mA, respectively. Data were recorded at a scan rate of 0.05° 2θ s-1 

in the 2θ range from 5° to 40°. The IR spectra were obtained on a Nicolet 670 FT-IR 

spectrometer. UV-vis diffuse-reflectance spectrometry (UV-vis DRS) were obtained 

on a UV-visible spectrophotometer (Cary 500 Scan Spectrophotometers, Varian). 

BaSO4 was used as a reference. N2 adsorption/desorption isotherms was carried out at 

77 K on ASAP2020 apparatus (Micromeritics Instrument Corp., USA). Inductively 

Coupled Optical Emission Spectrometry (ICP-OES) was performed on an Optima 

8000 (PerkinElmer). The sample was digested in a mixture of HNO3 and Milli-Q 

water. EI-MS were detected with Agilent 5977A spectrometer. NMR spectra were 

obtained on a 400MHz broker AVANCE Ⅲ 400 system (400 MHz). 

Photocatalytic CO2 reduction 

Photocatalyst (5 mg) was vacuumed and purged with CO2. A mixture of DMF, 

TEOA and H2O (4ml) in a volume ratio of 5:1:0.2, degassed and saturated with CO2 
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to remove any dissolved O2, was injected into the reaction tube. The reaction was 

carried out under the irradiation of Xe lamp with a UV-cut filter to remove all 

irradiations with wavelength lower than 420 nm and an IR-cut filter to remove those 

with wavelength longer than 800 nm. After the reaction, the amount of produced 

HCOO− was determined by ion chromatography (881 Compact IC pro, Metrosep) 

with Metrosep A supp 5 250/4.0 column. A mixture of 3.2 mM Na2CO3 and 1.0 mM 

NaHCO3 was used as the eluent. The gaseous products were analyzed by GC-TCD 

(Shimadzu GC-2014) with a TDX-01 packed column. 13CO performed by Agilent 

7890B-5977A GC-MS. 

Results and discussion 

MOF-253 with high quality was synthesized following the previously reported 

method. To prepare MOF-253-Re(CO)3Cl, the as-synthesized MOF-253 was 

de-solvated under dynamic vacuum and then refluxed in anhydrous toluene solution 

containing Re(CO)5Cl. During the reaction, the color of the suspension changed from 

pale yellow to orange, indicating the reaction between the MOF-253 and Re complex 

did occur. The XRD pattern of the as-synthesized product shows characteristic 

diffraction peaks of the MOF-253 framework, indicating that the introduction of the 

Re moiety does not influence the structure of MOF-253 (Fig. 1a). The slight decrease 

of the diffraction intensity of the resultant product as compared with the parent 

MOF-253 is probably due to the existence of disorder within the crystal structure of 

MOF-253 after the immobilization of the Re complex. The presence of Re species in 

the as-prepared product was confirmed by its FT-IR spectrum (Fig. 1b). As compared 

with the parent MOF-253, four additional peaks at 2027 cm-1, 2024 cm-1, 1920 cm-1 

and 1903 cm-1 assignable to the asymmetric vibration of CO are observed, indicative 

of the formation of MOF-253-Re(CO)3Cl. The coordination of ReI to free N, 

N’-chelating sites in MOF-253 leads to a slight red shift of the asymmetric vibration 

of CO as compared with those in the original Re(CO)5Cl, which locates in 2060 cm-1, 

2036 cm-1 and 1971 cm-1, 1959 cm-1. The introduction of Re species into MOF-253 

leads to a slightly decrease of the Langmuir surface area from the original 1489 cm3/g 

for pristine MOF-253 to 973 cm3/g for MOF-253-Re(CO)3Cl, which can be attributed 

to the partial blocking of the pores in MOF-253 by the Re carbonyl complex. The 

relatively high Langmuir specific surface area of MOF-253-Re(CO)3Cl still indicates 

the existence of the permanent porosity and the framework of MOF-253 is retained 
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(Fig. 1c). ICP of the digested MOF sample gave a Re/Al molar ratio of 14.9% in the 

as-obtained MOF-253-Re(CO)3Cl, which is a little lower than that added into the 

reaction system (with Re/Al at 20%). All these suggested that MOF-253-Re(CO)3Cl 

had successfully been obtained 

The UV-vis DRS spectrum of the as-obtained MOF-253-Re(CO)3Cl, together 

with that of pure MOF-253 and Re(dcbpy)(CO)3Cl, are shown in Fig. 1d. In 

accordance with its yellow color in solution, homogeneous Re(dcbpy)(CO)3Cl shows 

an absorption centering at 390 nm and extends to 476 nm, which can be assigned to 

the metal-to-ligand (ReI to π* of bipyridine) charge transfer (MLCT). Pure MOF-253 

alone does not show absorption in the visible light region. However, when MOF-253 

was coordinated to Re(I) via the open N, N’-chelating sites, the as-prepared 

MOF-253-Re(CO)3Cl shows absorption centering at 395 nm and extends to 540 nm. 

As compared with homogeneous Re(dcbpy)(CO)3Cl, a red shift was observed, 

indicative of the existence of strong interaction between [Re(CO)3Cl] moiety and 

MOF-253 framework. 

Considering that diimine containing Re carbonyl complexes are good catalysts 

for CO2 reduction, the performance for photocatalytic CO2 reduction over the 

as-obtained MOF-253-Re(CO)3Cl was investigated. [58-60] The reaction was initially 

carried out in a CO2 saturated mixed solvent of DMF/H2O (25/1) in the presence of 

triethanolamine (TEOA) as the sacrificial agent under visible light. Photocatalytic 

CO2 reduction over the as-prepared MOF-253-Re(CO)3Cl produced HCOO−, CO and 

little H2, the amount of all the products increased with the irradiation time( Fig. 2a). 

After 4h about 9.50 mol of HCOO−, 2.23 mol of CO as well as 0.11 mol of H2 

were produced, corresponding to TON for the formation of HCOO−, CO and H2 to be 

10.0, 2.4 and 0.1, respectively (Table 1, entry 1). No products were detected over pure 

MOF-253 or MOF-253-Re(CO)3Cl without light irradiation (Table 1, entry 2 and 3), 

indicating that the formation of the products was induced by photocatalysis over 

MOF-253-Re(CO)3Cl. Only 0.22 μmol of H2 (TON = 0.23) was produced under the 

N2 atmosphere, implying that CO and HCOO− came from the reduction of CO2 

(Table 1, entry 4). The reaction medium as well as the sacrificial agent influenced the 

photocatalytic activity. The change of the solvent from DMF to THF led to a decrease 
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of the t-TON (t-TON for total TON of the produced CO and HCOO−) from 12.37 to 

5.77 (Table 1, entry 5). Sacrificial agent play an important role in the photoctalytic 

CO2 reduction since a much lower t-TON (1.58) was obtained when the sacrificial 

agent TEOA was replaced by TEA and no products were detected in absence of the 

sacrificial agent (Table 1, entry 6, 7). Although CO2 can be photocatalytic reduced 

over homogeneous Re(dcbpy)(CO)3Cl, the main product obtained was CO and in 4h, 

a t-TON of 9.37 were obtained (Table 1, entry 8). 

As compared with the homogeneous Re(dcbpy)(CO)3Cl, MOF-253-Re(CO)3Cl 

showed higher stability during the photocatalytic CO2 reduction. The amount of all 

the products increased with the irradiation time and a t-TON of 24.35 for 

photocatalytic CO2 reduction was obtained in 16 h (Fig. 2b). Although the ICP 

analysis revealed that about 1.6 % of the incorporated Re leached into the reaction 

filtrate, the filtrate experiment showed no more HCOO− were produced and none CO 

was detected when the filtrate was irradiated for another 4 h (Fig. 2a), a confirmation 

of the heterogeneous nature of the MOF-253-Re(CO)3Cl in the photocatalytic CO2 

reduction. Moreover, the XRD of the MOF-253-Re(CO)3Cl did not change obviously 

after the reaction (Fig 3). All these observations indicated that MOF-253-Re(CO)3Cl 

is stable during photocatalytic CO2 reduction. However, the color of the homogeneous 

Re(dcbpy)(CO)3Cl reaction system changed gradually from the original yellow to 

colorless during the reaction and the amount of the produced CO did not increase after 

4 h irradiations, indicating the deactivation of the homogeneous Re complex (Fig 2b). 

Previous studies indicated that the deactivation of the homogeneous Re(N, 

N’)(CO)3Cl during CO2 reduction is induced by the formation of the inactive 

bimolecular [Re(N, N’)(CO)3]2OCO2. [57, 61] It is generally believed that when 

homogeneous Re(N, N’)(CO)3Cl is excited, the dissociation of Cl− gives 

penta-coordinated [Re(N, N’)(CO)3] as the intermediate, which can reduce CO2 to 

give CO via two pathways. [47, 62, 63] The predominant pathway involves a very fast 

CO2 addition to generate a CO2 bridged [Re(N, N’)(CO)3]2C(O)O, which followed by 

the addition of another CO2 and the release of CO to give the inactive [Re(N, 

N’(CO)3]2OCO2 and terminate the reaction. Another slow pathway, ie, non-dominant 

one, is the addition of CO2 to [Re(N, N’)(CO)3] to generate Re(N, N’)(CO)3COOH, 

which can also release CO and return back to [Re(N, N’)(CO)3Cl]. Since the 
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predominant pathway during the CO2 reduction over homogeneous Re(N, N’)(CO)3Cl 

give the nonactive bimolecular [Re(N, N’)(CO)3]2C(O)O, homogeneous Re 

complexes deactivate very fast during the photocatalytic CO2 reduction (Scheme 1) 

On the contrary, although light irradiation on MOF-253-Re(CO)3Cl also lead to 

the one-electron reduced species [MOF-253-Re(CO)3] by releasing a Cl−, two 

spatially isolated [(N,N’)-Re(CO)3] in MOF-253 cannot be bridged by CO2 to 

generate the non-active bimolecular [MOF-253-Re(CO)3]2C(O)O. Therefore, the 

deactivation of the active Re species by forming the inactive bimolecular 

[MOF-253-Re(CO)3]2OCO2 can be significantly inhibited in the surface supported Re 

complexes. However, the direct CO2 adduction into the Re-hydride 

[MOF-253-Re(CO)3H] is possible to form [MOF-253-Re(CO)3OCHO], which leads 

to the production of HCOO− and recover the [MOF-253-Re(CO)3Cl]. [64] Although 

no production of HCOO− was isolated during the photocatalytic CO2 reduction over 

homogeneous Re(N, N’)(CO)3Cl, the study by Hawecker et. al. directly observed the 

formate-intermediate Re(N, N’)(CO)3OCHO. [17] In addition, Re hydride 

intermediate Re(N, N’)(CO)3H has previously been used for CO2 reduction to produce 

HCOO−. [65] A non-dominant pathway also exists to produce CO via the addition of 

CO2 to [MOF-253-Re(CO)3] for generating MOF-253-Re(CO)3COOH, which is 

similar to that observed in homogeneous Re(N, N’)(CO)3Cl system. Since the direct 

addition of CO2 to [MOF-253-Re(CO)3] is slow, the main product from CO2 reduction 

over MOF-253-Re(CO)3Cl is HCOO− (Scheme 2).  

The above mechanism for photocatalytic CO2 reduction was verified by the 

reaction carried out using 13CO2. The GC-MS spectra of the gaseous product from the 

reaction with 13CO2 show signals at m/z values of 29 and 28, corresponding to 13CO 

and 12CO respectively. In contrast, only the signal at the m/z value of 28 was detected 

in the product from the reaction with 12CO2. This clearly indicates that CO2 was 

reduced to CO over MOF-253-Re(CO)3Cl (Supporting Fig. 1). The coexistence of 

12CO in the gaseous product in the 13CO2 reaction may come from those dissociated 

from the MOF-253-Re(CO)3Cl as elucidated in the mechanism. Also the HCOO− is 

originated from CO2 as evidenced from the 13C NMR spectrum (Supporting Fig. 2).  

The disadvantage of using [Re(N, N’)(CO)3X] complexes for photocatalytic CO2 
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reduction is their poor light absorption in the visible light region. The coupling of a 

Ru photosensitizer to the Re catalyst via building Ru(II)–Re(I) supramolecules have 

been demonstrated to be an effective method to improve their photocatalytic 

performance for CO2 reduction under visible light. [66-68] However, the syntheses of 

the supramolecules are usually challenging and require tedious process. MOFs 

provides an appealing platform for assembly of different active components into an 

efficient composite photocatalytic system due to its highly ordered crystalline 

structure, which can promote the charge transfer between the photosensitizer and the 

surface constructed catalyst. [69-72] That is to say the tailorable character of MOFs 

allows a huge flexibility to assemble multi-functional material for applications. [41, 

73-76] Therefore, to further improve the light absorption of MOF-253-Re(CO)3Cl, 

Ru(bpy)2Cl2 was used to prepared photo-sensitized MOF-253-Re(CO)3Cl since 

Ru(bpy)2Cl2 can also react with the surface N, N’-chelate sites to form MOF-253 

supported [Ru(N, N’)(bpy)2
2+], which shows absorption in visible light region. [55] 

As shown in Fig 1d, sensitized-MOF-253-Re(CO)3Cl shows enhanced absorption in 

visible light region, with the absorption edge extending to 648 nm. The formation of 

[Ru(N, N’)(bpy)2
2+] was also confirmed by the higher catalytic activity over 

MOF-253 supported Ru(bpy)2Cl2 (MOF-253-Ru) (TON of HCOO− and CO to be 0.6 

and 0.08, respectively) than that over pure Ru(bpy)2Cl2 with TON of HCOO− and CO 

to be 0.1 and 0.02) under similar conditions (Table 1, entry 10 and 11). The 

photocatalytic activity over the sensitized-MOF-253-Re(CO)3Cl was found to 

increase significantly as compared with the non-sensitized one. The TON of HCOO−, 

CO and H2 produced in 4 h over sensitized MOF-253-Re(CO)3Cl, with a molar ratio 

of Ru(bpy)2Cl2/Re-complex at 1 : 32, was determined to be 23.26, 5.40 and 0.99, 

nearly twice higher than MOF-253-Re(CO)3Cl under similar conditions (Fig 4). ICP 

analyses showed that about 1.4% of Ru leached into the solution after 4 h of 

irradiation. However, the amount of Ru leaching into solution did not influence the 

photocatalytic activity since homogeneous Ru(bpy)2Cl2 exhibited low activity under 

similar conditions (Table 1, entry 11). These indicates that the photocatalytic CO2 

reduction did occur over heterogeneous sensitized-MOF-253-Re(CO)3Cl. It is means 

that MOF-253 can act as a multifunction plantform to supported photocatalyst Re 

complex and photosensitizer Ru complex to construct a stable hybrid photocatalysis 
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system, which can promote the charge transfer between the photosensitizer and the 

photocatalyst. 

Conclusions 

In summary, MOF-253 surface constructed Re carbonyl complex 

MOF-253-Re(CO)3Cl shows superior photocatalytic performance for CO2 reduction 

under visible light irradiation as compared with its homogeneouscounterpart. In 

addition, a surface supported Ru sensitizer was simultaneously constructed in 

MOF-253-Re(CO)3Cl to give a sensitized-MOF-253-Re(CO)3Cl, which shows a 

superior performance for photocatalytic CO2 reduction under visible light via an 

efficient charge transfer from Ru sensitizer to Re catalytic center. This work 

highlights the great potential of using MOFs both as a solid ligand to build a 

supported molecular catalyst and as a platform for assembly of several active moieties 

into one composite system to achieve complicated functions. 
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Captions for Figures  

Fig. 1 (a). XRD patterns of the as-obtained MOF-253 (ⅰ), MOF-253-Re(CO)3Cl (ⅱ), 

sensitized-MOF-253-Re(CO)3Cl (ⅲ)MOF-253 and calculated MOF-253 (ⅳ). (b). 

FT-IR spectra of MOF-253-Re(CO)3Cl (ⅰ) and Re(CO)5Cl (ⅱ). (c). N2 

adsorption/desorption isotherms (77 K) of MOF-253-Re(CO)3Cl (ⅰ) and Re(CO)5Cl 

(ⅱ). (d). UV/Vis DRS spectra of MOF-253 (Solid line), MOF-253-Re(CO)3Cl(Dot 

line) and sensitized-MOF-253-Re(CO)3Cl (Dash line), UV/Vis absorption spectrum of 

homogeneous Re(dcbpy)(CO)3Cl (Inset figure). 

Fig. 2 (a). The respective TON of H2 (■), CO (●), HCOO −  (▲) over 

MOF-253-Re(CO)3Cl and the t-TON (△) over filtrated solvent. (b). The t-TON over 

MOF-253-Re(CO)3Cl (□), and Re(dcbpy)(CO)3Cl (△). 

Fig. 3 XRD patterns for MOF-253-Re(CO)3Cl  after (ⅰ) and before (ⅱ) the 

photocatalytic reaction. 

Fig. 4 TON comparsion between MOF-253-Re(CO)3Cl and sensitized-MOF-253-Re 

(CO)3Cl after 4h irradiation. 

Captions for Schemes  

Scheme 1 General mechanism for photocatalytic CO2 reduction over [Re(N, 

N’)(CO)3X]. 

Scheme 2 Proposed mechanism for photocatalytic CO2 reduction over the as-prepared 

MOF-253-Re(CO)3Cl under visible light. 

 

Captions for Tables 

Table 1 TON for photocatalytic CO2 reduction with as-obtained samples under 

variety conditions.  
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Table 1 

Entr

y 
Cat. Solvent 

Sacrificial 

agent 

TON(Products)a 

H2 CO HCOO
−

 

CO+HCOO

−
 

1 
MOF-253-Re(CO)3C

l 
DMF/H2O TEOA 0.1 2.4 10.0 12.4 

2 MOF-253 DMF/H2O TEOA 0.03 0.01 0 0.01 

3b 
MOF-253-Re(CO)3C

l 
DMF/H2O TEOA 0 0 0 0 

4c 
MOF-253-Re(CO)3C

l 
DMF/H2O TEOA 0.23 0 0 0 

5 
MOF-253-Re(CO)3C

l 
THF/H2O TEOA 0.1 0.6 5.2 5.8 

6 
MOF-253-Re(CO)3C

l 
DMF/H2O TEA 0.4 0.8 0.8 1.6 

7 
MOF-253-Re(CO)3C

l 
DMF/H2O - 0 0 0 0 

8d Re(dcbpy)(CO)3Cl DMF/H2O TEOA 0.02 9.4 0 9.4 

9 

Sensitized- 

MOF-253-Re(CO)3C

l 

DMF/H2O TEOA 1.0 5.4 23.4 28.8 

10 MOF-253-Ru DMF/H2O TEOA 0.02 0.08 0.6 0.68 

11e [Ru(bpy)2Cl2]2 DMF/H2O TEOA 0.1 0.02 0.1 0.1 

Conditions: catalyst (5 mg), solvent (DMF:H2O=25:1, 3.4 mL), sacrificial agent (0.6 ml), visible 

light irradiation(400nm≤λ≤800 nm), under CO2 atmosphere. Reaction time (4h). a The evolution 

of gaseous products and liquid products was calculated by GC and IC respective, TON is defined 

as mole of the evolved H2 CO and HCOO
−

 over per amount of Rhenium, b no light, c under N2 

atmosphere, d catalyst (2 mg), e catalyst (2 mg), TON calculated by the mole of ruthenium in 

catalyst. 

 


