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Introduction

Hydrogen represents a clean and promising energy vector which can efficiently replace the widely used fossil fuels. However, hydrogen generation from renewable sources under mild conditions and its storage in a safe and reversible manner remains challenging [START_REF] Van Hoecke | Challenges in the use of hydrogen for maritime applications[END_REF]. In this respect, formic acid (FAc), as a liquid organic hydrogen carrier (LOHC), is an excellent candidate for hydrogen storage due to its non-toxic character, its stability and its high hydrogen content (4.4 wt.%) [START_REF] Yadav | Liquid-phase chemical hydrogen storage materials[END_REF]. Furthermore, FAc is readily available from sources such as biomass reforming, CO 2 hydrogenation and as a by-product/product of the chemical industry [START_REF] Mellmann | Formic acid as a hydrogen storage materialdevelopment of homogeneous catalysts for selective hydrogen release[END_REF]. Its decomposition can proceed by two ways:

-Dehydrogenation :

HCOOH → H 2 + CO 2 (1) 
and -Dehydration :

HCOOH → CO + H 2 O (2) 
Traditionally, expensive noble-metal based materials (i.e. Pd, Au, Ag, Pt) are used to achieve an acceptable conversion of FAc into H 2 [START_REF] Navlani-García | Photocatalytic approaches for hydrogen production via formic acid decomposition[END_REF][START_REF] El-Roz | Uniform generation of sub-nanometer silver clusters in zeolite cages exhibiting high photocatalytic activity under visible light[END_REF][START_REF] Navlani-García | Pd/zeolite-based catalysts for the preferential CO oxidation reaction: ion-exchange, Si/Al and structure effect[END_REF][START_REF] Li | Tandem nitrogen functionalization of porous carbon: Toward immobilizing highly active palladium nanoclusters for dehydrogenation of formic acid[END_REF][START_REF] Gholipour | Integration of plasmonic AgPd alloy nanoparticles with single-layer graphitic carbon nitride as Mott-Schottky junction toward photo-promoted H 2 evolution[END_REF][START_REF] Nouruzi | Photocatalytic hydrogen generation using colloidal covalent organic polymers decorated bimetallic Au-Pd nanoalloy (COPs/Pd-Au)[END_REF]. Some of these systems operate at relatively high temperatures (100-350°C) which lead to a negative energy balance (the energy involved in the process is being higher than that elaborated from the produced hydrogen) [START_REF] Xu | Thermocatalytic formic acid dehydrogenation: recent advances and emerging trends[END_REF]. Thereby, the selective photocatalytic dehydrogenation of FAc at room temperature (RT) using renewable source of energy (sun/visible light) has recently emerged as an outstanding alternative to the traditional thermal catalysts. Aside from noble metalbased photocatalysts, the utilization of low-cost systems such as heterojunctions (CdS/Fe 2 O 3 , MoS 2 /CdS, Ni-Co/CdS, Ni 2 P/Zn 3 In 2 S 6 , MoP/Zn 3 In 2 S 6 , etc.) [START_REF] Nasir | Photocatalytic dehydrogenation of formic acid on CdS nanorods through Ni and Co redox mediation under mild conditions[END_REF][START_REF] Duan | Efficient photocatalytic hydrogen production from formic acid on inexpensive and stable phosphide/Zn 3 In 2 S 6 composite photocatalysts under mild conditions[END_REF], layered [START_REF] Ahadi | Layer-Wise Titania Growth Within Dimeric Organic Functional Group Viologen Periodic Mesoporous Organosilica as Efficient Photocatalyst for Oxidative Formic Acid Decomposition[END_REF] or core-shell structures (CdS/TNT, CdS@ZIF-8, CdS-ZnS, etc.) [START_REF] Yeh | Hydrogen production from formic acid solution by modified TiO 2 and titanate nanotubes in a two-step system under visible light irradiation[END_REF][START_REF] Wang | Photocatalytic hydrogen generation with simultaneous organic degradation by composite CdS-ZnS nanoparticles under visible light[END_REF][START_REF] Zeng | Core-shell CdS@ ZIF-8 structures for improved selectivity in photocatalytic H 2 generation from formic acid[END_REF] has shown enhanced performances ascribed to the efficient electron-hole pair separation. Among these systems, there have been only few studies reporting the use of visible-light responsive copper-based photocatalysts for hydrogen production from FAc [START_REF] Kakuta | A novel example of molecular hydrogen generation from formic acid at visible-lightresponsive photocatalyst[END_REF][START_REF] Zhang | Photo-assisted self-optimizing of charge-carriers transport channel in the recrystallized multi-heterojunction nanofibers for highly efficient photocatalytic H 2 generation[END_REF][START_REF] Maldonado | Hydrogen generation by irradiation of commercial CuO+ TiO 2 mixtures at solar pilot plant scale and in presence of organic electron donors[END_REF]. In addition, most of these studies investigate the photo-reforming of FAc in the liquid phase, where the photocatalyst's instability at low pH is the main drawback (oxidation of sulfur-based catalysts, metal leaching, etc.) [START_REF] Kakuta | A novel example of molecular hydrogen generation from formic acid at visible-lightresponsive photocatalyst[END_REF][START_REF] Zhang | Photo-assisted self-optimizing of charge-carriers transport channel in the recrystallized multi-heterojunction nanofibers for highly efficient photocatalytic H 2 generation[END_REF][START_REF] Maldonado | Hydrogen generation by irradiation of commercial CuO+ TiO 2 mixtures at solar pilot plant scale and in presence of organic electron donors[END_REF]. Recently, Zhang et al. investigated binary CuO/TiO 2 heterojunction nanofibers for FAc photo-reforming in liquid phase under simulated sunlight irradiation at RT [START_REF] Zhang | Photo-assisted self-optimizing of charge-carriers transport channel in the recrystallized multi-heterojunction nanofibers for highly efficient photocatalytic H 2 generation[END_REF]. It was found that hydrogen production (2 mmol.g - 1 .h -1 ) begins after 2 h of irradiation, defined as the induction period, due to the photoassisted reconstruction of binary heterojunctions (CuO/TiO 2 ) into a quaternary (Cu/Cu 2 O/CuO/TiO 2 ) system. More recently, a very cheap and simple CuO/TiO 2 mixture has been used to produce hydrogen by solar light irradiation from a FAc solution at pH = 2.5 [START_REF] Maldonado | Hydrogen generation by irradiation of commercial CuO+ TiO 2 mixtures at solar pilot plant scale and in presence of organic electron donors[END_REF]. The system was able to produce 2.4 mmol.g -1 .h -1 of H 2 in the first cycle (1 day) but reduced to 1.6 mmol.g -1 .h -1 after five cycles (5 days) due to the Cu leaching.

Alternatively, we have investigated a metal organic framework (MOFs) based materials for photocatalytic dehydrogenation of FAc [START_REF] Issa Hamoud | Selectively photocatalytic dehydrogenation of formic acid by in situ restructured copper post-metalated metal organic framework under visible light[END_REF]. The post-metalation of the MOFs structure with Cu and the in-situ restructuring of this latter during the reaction accounted for its high activity and the high selectivity of the reaction. However, the investigation of new copperbased catalysts, for FAc dehydrogenation, that can be easily synthesized from earthabundant elements, such as Cu and Fe, is still of great interest due to the complexity and the cost of both synthesis procedure and activation process of MOF-based structures.

Therefore, and to overcome the previous cited limitations, we aim in this work to investigate the dehydrogenation of FAc in vapor phase under continuous flow over low-cost and one-pot synthesized iron-copper oxide based photocatalysts. In this context, the CuFe 2 O 4 spinel is a material which attracts much attention in photocatalysis due to its effectiveness under visible light irradiation, redox properties, non-toxicity, low cost, roomtemperature magnetic behavior and high charge transfer [START_REF] Shetty | A comparative study on CuFe 2 O 4 , ZnFe 2 O 4 and NiFe 2 O 4 : morphology, impedance and photocatalytic studies[END_REF][START_REF] Nedkov | Magnetic structure and collective Jahn-Teller distortions in nanostructured particles of CuFe 2 O 4[END_REF][START_REF] Evans | Mössbauer resonance of Fe 57 in oxidic spinels containing Cu and Fe[END_REF]. To date, CuFe 2 O 4 was mainly used for the photocatalytic degradation of organic effluent in the presence of H 2 O 2 , (Fenton-like reaction) [START_REF] Shetty | A comparative study on CuFe 2 O 4 , ZnFe 2 O 4 and NiFe 2 O 4 : morphology, impedance and photocatalytic studies[END_REF][START_REF] Nedkov | Magnetic structure and collective Jahn-Teller distortions in nanostructured particles of CuFe 2 O 4[END_REF][START_REF] Evans | Mössbauer resonance of Fe 57 in oxidic spinels containing Cu and Fe[END_REF][START_REF] Zhao | Magnetically separable CuFe 2 O 4 /AgBr composite photocatalysts: Preparation, characterization, photocatalytic activity and photocatalytic mechanism under visible light[END_REF][START_REF] Surendra | Green engineered synthesis of Ag-doped CuFe 2 O 4 : characterization, cyclic voltammetry and photocatalytic studies[END_REF][START_REF] Astaraki | Effects of ethylene glycol contents on phase formation, magnetic properties and photocatalytic activity of CuFe 2 O 4 /Cu 2 O/Cu nanocomposite powders synthesized by solvothermal method[END_REF][START_REF] Massoud-Sharifi | CuFe 2 O 4 @ CuO: a magnetic composite synthesized by ultrasound irradiation and degradation of methylene blue on its surface in the presence of sunlight[END_REF] and water splitting [START_REF] Yang | Photocatalytic activity evaluation of tetragonal CuFe 2 O 4 nanoparticles for the H 2 evolution under visible light irradiation[END_REF]. Herein, we investigate for the first time the photocatalytic activity and stability of CuFe 2 O 4 -based systems for a vapor-phase dehydrogenation of FAc under visible-light irradiation at room temperature. The stability of the photocatalysts, the effect of Cu:Fe ratio and the impact of the thermal treatment used to prepare the materials were tested during this reaction. The nominal Cu:Fe ratios (1:11, 1:3, 1:2, and 2:1) are used in the following as a labeling of the samples for more clarity. The preparation of the samples, the physicochemical and photo-electrochemical properties of the catalysts were deeply inspected using in-situ X-ray powder diffraction (XRPD), scanning electron microscopy coupled with energy dispersive X-ray (SEM-EDX), UV-Vis diffuse reflectance (DR-UV-Vis), X-ray photoelectron spectroscopy (XPS) and potentiometry.

Then, the photocatalytic activity is explored using Fourier transform infrared (FTIR) operando spectroscopy. Finally, a tentative mechanism of the reaction is proposed.

Experimental part

Materials

Iron nitrate (Fe(NO 3 ) (99.5%) were used as received from Evonik-Degussa and Alfa Aesar, respectively.

Catalyst synthesis

It should be noted that all the syntheses reported in this study were reproduced at least twice to attest of their reproducibility. These samples were synthesized by the starch-assisted sol-gel auto-combustion method [START_REF] Yada | Magnetic properties of ZnFe2O4 nanoparticles synthesized by starch-assisted sol-gel auto-combustion method[END_REF]. The desired amounts of iron nitrate and copper nitrate were dissolved in distilled water to obtain a homogeneous solution. Then, an aqueous solution of starch (C 6 H 10 O 5 ) n was mixed with the metal-nitrate solution. The obtained mixture was heated at 100°C under continuous stirring until the formation of a viscous brown gel. Then, the gel was heated at 180°C for 4 h to initiate a self-sustaining combustion reaction and produce the precursor.

Synthesis of CuFe

The precursors were further ground to powder, and finally heated in air at various temperatures as described in the following (section 3).

Synthesis of CuO, Cu 2 O, Cu 2 O/Cu 0 (used as reference material):

CuO was synthetized using a chemical precipitation method described elsewhere [START_REF] Zhu | CuO nanocrystals with controllable shapes grown from solution without any surfactants[END_REF].

Cu(NO 3 ) 2 solution (300 mL 0.02 M) was prepared and heated at 100°C under vigorous stirring. Then, 0.5 g of solid NaOH was rapidly added resulting in the production of a considerable amount of black precipitates. Next, the precipitates were heated at 100°C for 20 min under ambient atmosphere. The resulting products were then centrifuged, washed with water and ethanol several times, and then dried in air at room temperature.

Cu 2 O was synthetized using a hydrothermal method described elsewhere [START_REF] Kumar | Facile synthesis of Cu 2 O microstructures and their morphology dependent electrochemical supercapacitor properties[END_REF].

Cu(NO 3 ) temperatures and also while heating from 500 to 900°C at a 1°C.min -1 rate in an Anton Paar XRK900 chamber, with an Inconel sample holder. For these in-situ experiments, the precursors were previously heated ex-situ at 500°C overnight under air to avoid uncontrolled combustions in the reaction chamber of the diffractometer.

Nitrogen adsorption/desorption measurements were performed with an ASAP 2020 MP instrument. The specific surface area was calculated with the Brunauer-Emmett-Teller (BET) equation, while the pore volumes were determined by the Barrett-Joyner-Halenda (BJH) method (Table S1). Prior to the measurements, samples were degassed in vacuum at 300 ºC for 3 h.

The content and distribution of Cu and Fe were determined by SEM-EDX on a JEOL JSM-5500LV microscope or a MIRA TESCAN microscope (Table S1). The images were collected with an acceleration voltage of 30 kV. Advanced transmission electron microscopy (TEM) was carried out on an aberration probe, and image corrected JEM ARM200F cold FEG microscope operated at 200 kV equipped with a CENTURIO EDX detector and GIF Quantum spectrometer. The metal contents were also verified by a Varian ICP-OES 720-ES inductively coupled plasma spectrometry (ICP). The Cu:Fe ratios measured by ICP (Table S1) confirm the nominal ones.

XPS measurements were carried out on an AXIS Supra electron spectrometer (Kratos Analytical Ltd.) with base vacuum in the analysis chamber in the order of 10 The analysis area was 700x300 μm 2 . DR-UV-Vis measurements relevant to Cu speciation were carried using a Cary 4000 UV-Vis spectrophotometer and a HARRICK Praying Mantis diffuse reflectance accessory. All spectra were recorded between 200-800 nm using an average time of 0.2 s and a scan rate of 300 nm.min -1 .

Both electrochemical and photoelectrochemical experiments were performed by using a potentiostat Autolab PGSTAT302N in two-compartment cell and in three-electrode configuration. The cathodic compartment was physically separated from the anodic one by a proton exchange membrane (Nafion 117; thickness 0.007 in). The fluorine-doped tin oxide covered glass (FTO) was utilized as a conductive substrate for working electrode (geometric area 0.71 cm 2 ), Pt wire was applied as counter electrode and mercury sulfate electrode were performed by scanning the potential from 1.02 V to 0.0 V vs. RHE (at 10 mV.s -1 ).

Catalyst solutions were prepared by suspending 10 mg of photocatalyst in a mixture of 20 µL Nafion solution (0.5 wt%) and 200 µL of ethanol followed by sonification for 30 min.

Thereafter, 20 µL of the sample solution was pipetted onto the FTO surface (geometric area 0.71 cm 2 ) followed by drying at 80°C for 10 min.

Photocatalytic test

For the operando experiments, a 'sandwich-like' IR cell-reactor (scheme S1) was used to study the performances of the different Cu-Fe based materials during the photodecomposition of formic acid under visible light irradiation at room temperature (25 °C), as detailed in Ref. [START_REF] El-Roz | New operando IR technique to study the photocatalytic activity and selectivity of TiO 2 nanotubes in air purification: influence of temperature, UV intensity, and VOC concentration[END_REF][START_REF] El-Roz | An operando-IR study of photocatalytic reaction of methanol on new* BEA supported TiO 2 catalyst[END_REF]. Due to magnetic aggregation in some of the samples, it was difficult to prepare a self-supported pellet. Thus, the powders were mixed (50/50 wt.%) with an inert/non-active SiO 2 support (Ultrasil 5500 GR, Evonik-Degussa) for preparing thin pellets of ≈ 20 mg. The catalyst was activated in argon gas at RT under visible irradiation using a Xe lamp (LC8 Hamamatsu, 71 mW.cm -2 of irradiance) with a pass-high filter >390

nm. Then, the reaction was studied in the presence of 2600 ppm of FAc (0.26 vol.%) with a total flow rate of 25 cm 3 .min -1 in argon. The relative concentrations of the effluent gases were stabilized before being sent to the cell, then an adsorption step of FAc on the catalyst surface was performed under dark conditions. Finally, the composition of the output gas from the IR reactor cell was analyzed simultaneously by mass spectrometry (MS) (Quadrupole Pfeiffer Omnistar GSD 301) and IR spectroscopy (ThermoNicolet NEXUS 670 FTIR) equipped with a mercury cadmium telluride (MCT) detector with a spectral resolution of 4 cm -1 and accumulating 64 scans. The evolution of FAc concentration in the gas phase was monitored using the surface area of IR band at 1109-1101 cm -1 and the FAc MS signal (m/z = 45 and 46). The selectivity of CO 2 and CO were determined using the IR band areas at 2395-2182 cm -1 and 2140-2020 cm -1 , respectively. The amounts of hydrogen were determined using the MS signal at m/z = 2 after correction from water contributions and the results were confirmed by online gas chromatography (GC) analysis of the gas phase products at the steady-state using a Compact GC 4.0 equipped with 3 analysis channels.

The first thermal conductivity detector (GC-TCD, Interscience) is equipped with a The FAc conversion (expressed in % or mmol per g of photocatalyst per hour per irradiated surface) and the selectivity (%) were calculated from Equations 3-6, at the steady-state using the calibration curve for different products of the reaction (Fig. S 2). The apparent quantum yield was calculated using the actinometer method as detailed in the SI (Fig. S 3). It should be noted that the irradiated surface of the pellet is about 1.6 cm 2 . The FAc conversion and conversion rates are calculated as follows:

A con ersion (%)

A 0 (ppm) -A (ppm)

A 0 (ppm)

x 100

(3)

(4) (5) 
, target product = H 2 /CO 2 or CO (6)

Results and discussion

Catalysts Characterizations

To guide the preparation of samples starting from precursors prepared by sol-gel, in-situ XRPD experiments were conducted on samples with Cu:Fe ratio 1:2 and 1:3. The full results are shown in Fig. 1A and 1E up to 800°C, respectively. No further changes were observed above this temperature beyond the expected thermal expansion of the materials.

These temperature-dependent plots show that the initial mixes (at 600°C) already contain phases similar to the desired CuFe 2 O 4 spinel together with the binary oxides Fe 2 O 3 and CuO. The CuFe 2 O 4 spinel undergoes a reversible structural phase transition from tetragonal (space group I4 1 /amd) to cubic (space group Fd-3m) at approximately 390°C [START_REF] Inoue | Specific Heats of Copper Ferrite[END_REF], meaning that in Fig. 1 all spinel peaks are indexed in the high-temperature cubic phase. In the sample with Cu:Fe ratio 1:2 (Fig. 1A), the peaks of the binary oxides markedly decrease with heating until disappearing above 720°C (Fig. 1B and1D), concurrently with an increase in the intensities and decrease in the width of the Bragg peaks corresponding to CuFe 2 O 4 (Fig. 1C), usually associated with an increase of the amount of phase and of its crystallinity, respectively. In this sample prepared from a precursor with Cu:Fe ratio 1:2, only traces of CuO can be detected after the high-temperature treatment, resulting in a product consisting of an overwhelming majority of CuFe 2 O 4 . On the other hand, for the material obtained from the Cu:Fe 1:3 precursor (Fig. 1E), peaks of Fe 2 O 3 only decrease up to 800°C (Fig. 1F and 1H), without completely disappearing. This shows a similar formation of the CuFe 2 O 4 spinel, with the excess of Fe from the precursor (compared to the CuFe 2 O 4 formula) remaining as additional Fe 2 O 3 until very high temperatures (900°C) (Fig. 1F). In this sample and contrary to the observations of the Cu:Fe 1:2 sample, no excess of CuO is detected after the high-temperature treatment (Fig. 1H). These results demonstrate that changing the Cu:Fe ratio from 1:2 to 1:3 drastically modifies the final constituents of the samples after thermal treatments. Heating mixtures of copper and iron oxides outside the 1:2 Cu:Fe ratio always results in CuFe 2 O 4 plus an excess of the more abundant binary oxide. This is in accordance with early observations by Milligan and Holmes [START_REF] Milligan | X-Ray Diffraction Studies in the System CuO-Fe 2 O 3[END_REF] who showed that non-stoichiometry does not occur in this spinel. The UV-Vis diffuse reflectance analysis of samples with various nominal Cu:Fe ratios and thus different constituents demonstrates that their optical behavior depends on the involved phases (Fig. 3A and S 4). Starting from the Cu:Fe 1:11 sample, the increase of Cu content results in an increase of the band intensity at 567 nm, attributed to CuFe 2 O 4 [START_REF] Park | Rapid flame-annealed CuFe 2 O 4 as efficient photocathode for photoelectrochemical hydrogen production[END_REF], with a redshift for the Cu:Fe 1:3 sample in respect to 1:11. An additional broad absorption band appears at around 690 nm for the 1:2 sample and becomes more intense for the 2:1 sample.

It can be attributed to Cu 2+ electron d-d transitions in distorted CuO 6 octahedra of CuO [START_REF] Pestryakov | Study of copper nanoparticles formation on supports of different nature by UV-Vis diffuse reflectance spectroscopy[END_REF],

as detected by XRPD. The presence of copper oxide in the Cu-rich samples is also confirmed by SEM (Fig. 3B). Contrary to the samples with Cu:Fe ratio lower than 1:2, the Cu:Fe 1:2 sample reveals the existence of copper oxide islands whose quantity increases in the 2:1 sample. The presence of excess of Cu in the Cu:Fe 1:2 was also confirmed by HR-TEM analysis (Fig. S5). 

Photocatalytic activity

First, the photocatalytic reforming of FAc was investigated upon Cu:Fe 1:2 sample treated at 600°C and 800°C. The catalytic tests were conducted under visible light irradiation at room temperature with an initial FAc concentration of 2600 ppm (~0.26%) in Ar atmosphere and with total flow of 25 cm 3 .min -1 . Each experiment was repeated at least two times with an estimated relative error of less than 7%. The FAc conversions as well as the produced amounts of H 2 , CO 2 and CO, and their corresponding selectivity are summarized in Table 1.

CuFe 2 O 4 treated at 600°C shows very low activity while it is around 9 times higher for the same catalyst treated at 800°C and tested under similar conditions (Table 1). The dehydrogenation (Eq. 1) selectivity is about 77 % ( follows, we will focus on two main samples for highlighting the origin of the photocatalytic activity: the non-active Cu:Fe (1:3) and the highly active Cu:Fe (1:2).

The time-dependent FAc conversion over Cu:Fe 1:2 has been then investigated for two successive cycles with 20 h of visible light irradiation per cycle separated by 1 h of dark (Fig. 4B). The first cycle manifests an induction period before reaching a steady state after 1 h with similar profiles of FAc conversion and CO 2 /H 2 production. probable [START_REF] Issa Hamoud | Selectively photocatalytic dehydrogenation of formic acid by in situ restructured copper post-metalated metal organic framework under visible light[END_REF]. This induction period totally disappears in the 2 nd cycle and the FAc conversion spontaneously reaches the steady state after irradiation (see Inserts Fig. 4B).

Importantly, the results reveal the absence of any significant deactivation of the catalyst tested constantly for two days. To the best of our knowledge, this activity (around 6.6 mmol.g -1 .h -1 of H 2 production) is the highest for a dehydrogenation of FAc under visible light irradiation at room temperature when comparing to other Cu-based materials reported in literature (Table S 4). Nevertheless, it is important to mention that the comparison between different works is approximate and could not be absolute due to differences in various factors (liquid phase and batch vs. vapor phase and under flow condition (our work), reactor geometry, intensity, wavelength and surface of irradiation, reaction conditions, and the absence of information on the photocatalyst stability in some studies).

To gain further insight on the active sites of Cu: S2. Even though CuO is characterized by narrow band gap and high absorption in visible range of solar spectrum [START_REF] Zhang | Photo-assisted self-optimizing of charge-carriers transport channel in the recrystallized multi-heterojunction nanofibers for highly efficient photocatalytic H 2 generation[END_REF][START_REF] Lim | Facile synthesis of colloidal CuO nanocrystals for light-harvesting applications[END_REF], this oxide alone or in a mixture with Cu:Fe 1:3 does not show any H 2 generation. This is probably because of its unsuitable conduction band (CB) position (~ +0.35 V vs. NHE at pH = 3) situated below the reduction potential of H + /H 2 (-0.18 V vs. NHE at pH = 3) (scheme S 2) [START_REF] Zhang | Photo-assisted self-optimizing of charge-carriers transport channel in the recrystallized multi-heterojunction nanofibers for highly efficient photocatalytic H 2 generation[END_REF]. Meanwhile, Cu 2 O displays a low photocatalytic activity with 5.6 % of FAc conversion and almost 100% of dehydrogenation selectivity at the steady state (Fig. 4C). The low efficiency of Cu 2 O is attributed to the fast recombination of electron-holes charge carriers (scheme S 2) [START_REF] Jung | Cu 2 O photocathode with faster charge transfer by fully reacted cu seed layer to enhance performance of hydrogen evolution in solar water splitting applications[END_REF].

However, the evolution of the conversion versus the irradiation time reveals a significant induction period without any photocatalytic activity for more than 3.5 h (vs. <1 h for Cu:Fe 1:2), followed with a progressive increase in the activity until reaching the steady state at ~5 h (Fig. 5A). Interestingly, a fourfold enhanced photocatalytic activity with respect to Cu 2 O

(5.6 % of FAc conversion) is obtained by mixing Cu 2 O with Cu:Fe 1:3 (about 20 % of FAc conversion at steady state) with a shorter induction period (~0.5 h) and a similar behavior in the second cycle (Fig. 5A). Moreover, a minor amount of CO was detected for this mixture (Fig. S 9), suggesting that CO production mainly occurred on copper iron spinel rather than on Cu 2 O, being characterized by a high selectivity towards dehydrogenation. We should underline that these results could not be compared directly with the spinel-based samples as we used a high amount of Cu 2 O (25 wt.%) in the mixture in order to provide a good dispersion and accessible Cu 2 O/ferrite interface. Based on these results, we can assume that the spinel plays an important role and significantly enhances the photocatalytic activity of the system. Furthermore, spinel can stabilize the active copper sites, i.e. the activity of Cu:Fe 1:2 was not significantly changed after several months of aging time, contrary to Cu 2 O. On the other hand, this result supports a possible restructuring of the Cu species under the reaction, e.g. formation of Cu +/0 . This hypothesis is supported by the inactivity of the spinel with a 1:3 Cu:Fe ratio, the inactivity of CuO and the induction time observed on Cu 2 O and its decrease when the inactive 1:3 Cu:Fe spinel is used as support. This agrees with our recent study on the in-situ restructuring of Cu 2+ in UiO-66-(COOH) 2 -Cu (18 wt.%) into Cu 2 O/Cu 0 during FAc reforming under visible light [START_REF] Issa Hamoud | Selectively photocatalytic dehydrogenation of formic acid by in situ restructured copper post-metalated metal organic framework under visible light[END_REF]. In this study, the formation of highly active Cu 2 O/Cu 0 species trapped in the UiO-66 cages has been evidenced using highresolution HAADF-STEM images and XPS. However, the detection of such Cu active species in Cu:Fe 1:2 photocatalyst was not possible due to its highly dispersion and/or low amount in respect to the Cu of the spinel-framework. Operando-FTIR spectroscopy shed more light on the induction time as the evolution of the surface species is simultaneously monitored with the gas phase analysis during the reaction.

Unfortunately, we were not able to monitor the surface of the Cu:Fe 1:2 photocatalyst due to depression of IR transmittance through the pellet once the lamp is turned on (Fig. S 10). It is probably due to the resonance saturation of IR absorption in semiconductors caused by the multiphoton inter-band absorption, spectral hole burning and carrier heating [START_REF] Gerchikov | Theory of resonance saturation of IR absorption in semiconductors with degenerate resonance bands in electric and magnetic fields[END_REF][START_REF] Melikyan | Saturation of interband absorption in semiconductors[END_REF]. This phenomenon is less significant in case of less active Cu:Fe 1:3 in presence or absence of Cu 2 O, but the spectra collected during the reaction are still not exploitable (Fig. S 11-12).

For this reason, Cu 2 O was chosen as a model to shed some light on the evolution of catalyst surface during the reaction. This allows to identify the reaction intermediates, to understand to weakly adsorbed FAc [START_REF] Millar | Infrared study of the adsorption of formic acid on silicasupported copper and oxidised copper catalysts[END_REF]. The formation of an intense band at 1721 cm -1 parallel to the decrease of Si-OH and/or Cu(OH) band at 3735 cm -1 is associated with the C=O stretching mode of molecularly adsorbed FAc (Fig. S 13-14A). When the lamp is turned on, bands of weakly adsorbed FAc (1360-1395 and 1550 cm -1 ) disappear, while new features appear at 1386 and 1610-1570 cm -1 which can be assigned to the δ(CH) vibration of adsorbed monodentate formate on copper [START_REF] Pascher | Infrared multiple photon dissociation spectroscopy of anionic copper formate clusters[END_REF]. These bands gradually increase during the induction period without any production of CO 2 (Fig. 5C), indicating the rearrangement of adsorbed formate on the photocatalyst surface. This is also confirmed by the increase in the carbonyl band intensity at 1721 and 1732 cm -1 during the induction period (Fig. 5D). The absorption at around 1732 cm -1 indicates either formation of weaker hydrogen bond with the FAc or that FAc is in a less polar environment (surrounded by less -OH groups) [START_REF] Thumanu | Discrete steps in sensing of β-lactam antibiotics by the BlaR1 protein of the methicillin-resistant Staphylococcus aureus bacterium[END_REF][START_REF] Dreier | Hydration and orientation of carbonyl groups in oppositely charged lipid monolayers on water[END_REF] probably caused by in-situ restructuring of Cu 2+ into Cu +/0 with less OH groups. A further decrease in the band intensity of monodentate formate is also observed after 3 h of irradiation accompanied by the production of CO 2 (Fig. 5E-F), which confirms the decomposition of monodentate formate into CO 2 and H 2 . During this photocatalytic cycle, a growth in the band at 1732 cm -1 simultaneously to a decrease of the band located at 1721 cm -1 is also observed (Fig. 5G), indicating the conversion of C=O groups from hydrogen-bonded to non or less-hydrogen-bonded carbonyl groups during the reaction. S3). Also, Fe 3+ and Fe 2+ oxidation states are detected by analyzing their Fe 2p spectra (Fig. 6A). The peak contributions colored in yellow and green correspond to Fe 2p doublet and the satellites of Fe 3+ and Fe 2+ , respectively [START_REF] Yamashita | Analysis of XPS spectra of Fe 2+ and Fe 3+ ions in oxide materials[END_REF]. The O 1s-spectrum can be fitted with three peak contributions as the two low-energy peaks at 529.6 eV and 530.7 eV can be assigned to bridging (Cu-O-Cu and Fe-O-Fe) and mixed bridging Cu-O-Fe bonds, respectively [START_REF] Losev | Electron beam induced reduction of CuO in the presence of a surface carbonaceous layer: an XPS/HREELS study[END_REF][START_REF] Yamashita | Analysis of XPS spectra of Fe 2+ and Fe 3+ ions in oxide materials[END_REF].

The third peak-contribution at 532.0 eV is usually attributed to oxygen in -O-H bonds, thus confirming the interpretation given above for the presence of Cu-O-H bonding. The Cu 2+ (OH) 2 , usually supported on different materials (TiO 2 , ZnO/ZnS, Fe(OH) 3 and etc.), is well known as an efficient co-catalyst for hydrogen production and easily reducible into Cu +/0 during the reaction [START_REF] Yu | Facile preparation and enhanced photocatalytic H 2 -production activity of Cu (OH) 2 cluster modified TiO 2[END_REF][START_REF] Madhusudan | Nature inspired ZnO/ZnS nanobranch-like composites, decorated with Cu (OH) 2 clusters for enhanced visible-light photocatalytic hydrogen evolution[END_REF][START_REF] Peng | Cu (OH) 2 supported on Fe (OH) 3 as a synergistic and highly efficient system for the dehydrogenation of ammonia-borane[END_REF].

Therefore, the photoelectrochemical properties of the Cu:Fe 1:2 were studied and compared to the non-active Cu:Fe 1:3 sample (Fig. 6(B-C)). For Cu:Fe 1:3, the cyclic voltammetry response, investigated in 0.1 M sodium sulfate solution at the potential window of 1.02 V-0.0 V vs. RHE, demonstrates that the reduction/oxidation transitions of spinel are still well distinguished either before or after 100 min of simulated solar irradiation. Moreover, an obvious change in electrochemical behavior of Cu:Fe 1:2 after simulated solar irradiation is observed. The intensity of the redox peaks associated with copper oxide decrease in intensity compared to the as-prepared Cu:Fe 1:2 sample. On the other hand, the electrochemical response of Cu:Fe 1:2 after irradiation shows higher anodic currents in the range between 0.68 V and 1.02 V vs. RHE than both Cu:Fe 1:2 and Cu:Fe 1:3 before irradiation and even than Cu:Fe 1:3 analyzed after induction period. This observation is probably attributed to gradual oxidation of Cu(I) oxide to Cu(II) hydroxide [START_REF] Wick | Photovoltaic and photoelectrochemical solar energy conversion with Cu 2 O[END_REF][START_REF] Kautek | XPS studies of anodic surface films on copper electrodes[END_REF]. This confirms that, in contrast to Cu:Fe 1:3, the Cu + species are formed in Cu:Fe 1:2 under visible light irradiation by an electron transfer (oxidation of formate species and/or from the photoexited spinel support). The transient photocurrent response tests under several on-off cycles of solar irradiation reveal as well a higher photoresponse efficiency of Cu:Fe 1:2 with regard to Cu:Fe 1:3 (Fig. 6C). It can be explained by the presence of higher amount of tetrahedral -Cu 2+ (OH) 2-x species in Cu:Fe 1:2 responsible for an efficient charge separation, therefore elucidating the superior photocatalytic activity of this photocatalyst. It is worth noting that no significant thermo-activity was observed in dark at 100°C over Cu:Fe 1:2 (Fig. S 19). This confirms that the reaction is mainly photocatalytic without excluding a plasmonic behavior due to the possible formation of Cu 0 . 

Z-scheme heterojunction and charge transfer mechanism

In order to explain the charge separation mechanism, the positions of the conduction band (CB) and valence band (VB) of spinel in both Cu:Fe 1:3 and 1:2 photocatalysts were computed using the atom's Mulliken electronegativity equations with respect to the (NHE) scale [START_REF] Jahanara | A magnetically separable plate-like cadmium titanate-copper ferrite nanocomposite with enhanced visible-light photocatalytic degradation performance for organic contaminants[END_REF][START_REF] Shenoy | Enhanced photocatalytic efficiency of layered CdS/CdSe heterostructures: Insights from first principles electronic structure calculations[END_REF]:

(7) (8) 
Where E VB is the VB potential, E CB is the CB potential, E e is the energy of free electrons on the hydrogen scale (ca. 4.5 eV), E g is the band gap energy of spinel (1.90 for Cu:Fe 1:3 and 1.85 eV for Cu:Fe 1:2, Fig. S 4) and is the absolute electronegativity of the copper iron spinel (5.86 eV [START_REF] Tan | Synthesis of Z-scheme BiOCI/CuFe 2 O 4 Composite with Enhanced Visible Light Photodegradation of Palm Oil Mill Effluent[END_REF][START_REF] Xu | The absolute energy positions of conduction and valence bands of selected semiconducting minerals[END_REF]). On the basis of the above equations, the E VB and E CB of Cu:Fe 1:3

were calculated with respect to NHE as + 2.31 V and + 0.41 V, whereas the potentials for 1:2 sample were estimated to + 2.28 V and + 0.43 V, respectively. Consequently, the hydrogen reduction cannot take place on Cu:Fe 1:3 due to its unsuitable CB position (+ 0.41 V) compared to H + /H 2 potential (-0.18 V vs. NHE at pH = 3; 0.0 V vs. RHE). Considering that Cu:Fe 1:2 contains -Cu 2+ (OH) 2 active species that are restructured into Cu + and Cu 0 , an efficient charge separation mechanism can be proposed by assuming that Cu + of the Cu:Fe 

Conclusion

The 

(

  Hg/Hg 2 SO 4 /sat. K 2 SO 4 ) as reference electrode. Potentials were converted to the reversible hydrogen electrode (RHE) reference scale. The aqueous electrolyte solutions used were 0.1 mol.dm -3 Na 2 SO 4 at pH = 6.4 after saturation in argon. For photoelectrochemical experiments, the solar simulator (Quantum Design Model LSE341) used as a light source is equipped with 300 W Xe lamp (light intensity = 100 mW.cm -2 ) and AM 1.5 Global filter. The photocurrent vs. time curves were measured with a potential sweep of 10 mVs -1 at the imposed potential of 0.0V vs. RHE under chopped light. The electrochemical experiments
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 25 m × 0.32 mm) and Rt-QBond (3 m × 0.32 mm) columns for respectively analyzing of O 2 , N 2 , CH 4 , CO and CO 2 using helium as a carrier gas. The second TCD channel is equipped with Rt-QBond (3 m × 0.32 mm) and argon as a carrier gas for H 2 analysis. The third channel with flame ionization detector (FID) and He as carrier gas equipped with Rt-QBond (25 m × 0.32 mm) column for hydrocarbons (HC) detection (C 1 -C 6 ). The peak areas of CO 2 , CO and H 2 were converted into concentrations by using their calibration curves (Fig.S2) (operating conditions: split flow rate = 5 mL.min -1 for both TCD and 10 mL.min -1 for FID; inlet temperature 80°C; column temperature 60°C for O 2 , N 2 , CH 4 , CO and CO 2 , 50°C for H 2 and 45°C for HC).
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 13 Figure 1. (A) Temperature-dependent XRPD for in-situ synthesis of CuFe 2 O 4 from a Cu:Fe 1:2 precursor. (B-C-D) Details of peaks highlighting the evolution of Fe 2 O 3 , CuFe 2 O 4 and CuO, respectively. (E) Temperature-dependent XRPD for in-situ synthesis from a Cu:Fe 1:3 precursor. (F-G-H) Details of peaks highlighting the evolution of Fe 2 O 3 , CuFe 2 O 4 and CuO, respectively. Marked peaks correspond to Fe 2 O 3 (*) (R c space group) or CuO (+) (C2/c space group). Arbitrary scales are independent between panels.

Figure 2 .

 2 Figure 2. RT XRPD patterns for catalysts obtained from precursors with different Cu:Fe ratios and synthesis temperatures. Unmarked peaks correspond to CuFe 2 O 4 (tetragonal, space group I4 1 /amd), marked peaks correspond to Fe 2 O 3 (*) (R c space group) or CuO (+) (C2/c space group). The indexation of the main Bragg peaks of the spinel is given in panel (E) as it corresponds to a near single-phase sample. As patterns were collected in different diffractometers with different X-ray sources, they are presented as a function of Q to facilitate the comparison.

Figure 3 .

 3 Figure 3. (A) DR-UV-Vis spectra of (a) 1:11, (b) 1:3, (c) 1:2 and (d) 2:1 Cu:Fe samples. (B) SEM and elemental mapping analysis of Cu:Fe 1:11, 1:3, 1:2 and 2:1 samples.

Figure 4 .

 4 Figure 4. (A) FAc conversion (%) and the corresponding selectivity (%) at t = 17 h of reaction over samples with different Cu:Fe ratios treated at 800°C. (n.d = non detected) (B) Evolution of the FAc conversion (%) and the corresponding gas phase products (CO 2 , CO and H 2 ) during the FAc photo-reforming over Cu:Fe 1:2 under visible irradiation at RT. Insert: zooming on the early period of the reaction during first (1) and second (2) cycle (doted zones). (C) FAc conversion (%) and the corresponding selectivity (%) at t = 17 h of reaction over CuO, Cu 2 O and their 1:1 mixture with Cu:Fe 1:3.A comparable behavior with an equivalent induction period is observed for the Cu:Fe 2:1

  Fe 1:2 catalyst treated at 800 °C, other Cucontaining oxides were considered and tested towards H 2 production from FAc under similar experimental conditions. Particularly, CuO and Cu 2 O were tested separately and also in 1:1 mixtures with the Cu:Fe 1:3 catalyst. The Cu:Fe 1:3 sample was chosen due to the absence of extra-framework copper oxide. The results are presented in Fig 4C and summarized in Table

Figure 5 .

 5 Figure 5. (A) Evolution of the FAc conversion (%) and the corresponding gas phase products (CO 2 and H 2 ) during the FA photo-reforming over (a) Cu 2 O and (b) its mixture with Cu:Fe 1:3 under visible irradiation at RT. Evolution of the IR surface spectra of Cu 2 O, the surface monodentate formate (1570 cm -1 ) species vs. CO 2 production in gas phase and the band at 1721 vs. 1735 cm -1 during the induction period (B,C,D) and the photocatalytic cycle (E,F,G), respectively. Insert in B and E: zoom on the FTIR region of 1500-1600 cm -1 .

  photocatalyst leads to the formation of new bands at 1550, 1360, 1395 and 2945 cm -1 (red

Figure 6 .Scheme 1 .

 61 Figure 6. (A) High resolution XPS spectra of Cu 2p, Fe 2p and O1s for (a) Cu:Fe 1:3 and (b) Cu:Fe 1:2. (B) Cyclic voltammetry response of (a) Cu:Fe 1:3 and (b) Cu:Fe 1:2 electrode before (solid line) and after 100 min under simulated solar light irradiation (dash curve) in 0.1 mol.dm -3 Na 2 SO 4 aqueous solution. (C) Plots of photocurrent vs. time recorded for (a) Cu:Fe 1:3 and (b) Cu:Fe 1:2. Insert: zoom on the photoresponse of Cu:Fe 1:3.

1: 2 Scheme 2 .

 22 Scheme 2. Schematic diagram showing the photoinduced charge-carriers transfer and the H 2 production through the photodecomposition of formic acid under visible light over Cu:Fe 1:3 and Cu:Fe 1:2.

  photocatalytic behavior is attributed to the existence of highly dispersed tetrahedral-Cu 2+ (OH) 2-x sites on the spinel surface. Based on the presence of an induction period in the

  

  [START_REF] Mellmann | Formic acid as a hydrogen storage materialdevelopment of homogeneous catalysts for selective hydrogen release[END_REF] 

  [START_REF] Yadav | Liquid-phase chemical hydrogen storage materials[END_REF] 

Table 1 ,

 1 Fig. S 6-7) vs. 23% of dehydration (Eq. 2). The molar conversion rates of FAc are almost equal to the sum of CO 2(or H 2 ) and CO, demonstrating the absence of other carbon beside products. This result reveals that the effect of the treatment temperature is very significant. As discussed previously, the composition of the two catalysts changes with the preparation temperature, as the 600°C sample still contains relatively high quantities of Fe 2 O 3 and CuO, while only

trace amounts of the latter remain in the 800°C sample; this explains their different photocatalytic behavior. Based on this, 800±25°C is chosen as the optimum calcination temperature of Cu-Fe spinel samples with different Cu:Fe ratio.

Table 1 .

 1 Results of the activity and reaction selectivity of the FAc reforming at the steady state over the catalysts with different Cu:Fe ratios and treatment temperatures. a

	a Reaction conditions: [FAc]=2600 ppm (0.26%) in Ar; total flow 25 cm 3 .min -1 ; T=25 °C; Xe-lamp 150 W with
	visible light pass filter (>390 nm); irradiance=71 mW.cm -2 ; mcat=10 mg+10mg of inert silica (self-supported
	pellet with irradiated surface of 1.6 cm 2 ); reaction time =17 h.
	b relative conversion error is ± 7%
	c unit expressed in mmol per g of catalyst (m cat =10 mg) per hour per cm 2 of irradiated surface (1.6 cm 2 ).

Values should be multiplied by 1.6 cm -2 for a rate in mmol.g -1 .h -1 . d n.d. non determined (under the detection limit of the apparatus).

Cu:

Fe ratio (treatment temperature in °C) Conv.% b Conversion rate (mmol.g -1 .h -1 .cm -2 ) c H2 (mmol.g - 1 .h -1 .cm -2 ) CO2 (mmol.g -1 .h - 1 .cm -2 ) CO (mmol.g - 1 .h -1 .cm -2 )

  For better understanding the CuFe 2 O 4 catalyst behaviors, additional photocatalytic tests have been performed over samples with Cu:Fe ratios 1:11, 1:3 and 2:1 after their calcination at 800 °C using similar reaction conditions to those for Cu : Fe (1:2). The results, assembled in Figure4Aand Table1, demonstrate that samples with Cu:Fe 1:11, and 1:3 do not exhibit

	any significant activity towards H 2 production from formic acid (< 2%), revealing that
	samples with additional Fe 2 O 3 have their photocatalytic activities noticeably hindered. This
	is confirmed by characterizing additional samples synthetized from a Cu:Fe ratio ranging
	between 1:11 and 1:3 (e.g. Cu:Fe = 1:5) that did not show any activity (the results are not
	shown here for the sake of brevity). From these preliminary results, it can be inferred that
	the presence of extra-spinel-structure Cu species beyond CuFe 2 O 4 spinel is crucial for the
	photocatalytic activity of the samples (Cu				
							dehydroge	apparent
							nation	quantum
							selectivity	yield
							(%)	%
	1:11 (800)	1.5	0.17	n.d d	n.d	n.d	n.d	n.d
	1:3 (800)	1.9	0.20	n.d	n.d	n.d	n.d	n.d
	1:2 (600)	5.6	0.60	0.47	0.60	n.d	n.d	n.d
	1:2 (800)	47.4	5.22	4.14	4.23	1.41	77	9.0
	2:1 (800)	51.5	5.56	4.10	4.30	1.54	76	9.9

: Fe (1:2) and (2:1)). However, it seems that the presence of extra-structure iron species (e.g. Fe 2 O 3 ) didn't make the Cu e 2 O 4 spinel photocatalytically active for the conversion of FAc (Cu : Fe (1:11), (1:5) and (1:3)). On the other hand, the similar results obtained over Cu:Fe (2:1) in respect to Cu:Fe (1:2) indicate that the excess of CuO (Cu:Fe 2:1) is not enhancing the photocatalytic activity. In what

situ restructuring of the Cu active sites in Cu:Fe 1:2

  The crystallinity and optical properties of Cu 2 O after photodecomposition of formic acid have been investigated by XRPD and DR-UV-Vis techniques (Fig.S 15). The results confirm a change of the catalyst in respect to the as-prepared sample and reveals the appearance of Cu characterized by diffraction peaks at 43.7, 50.7, and 74.3° and a Surface Plasmonic Resonance (SPR) absorption band at 566 nm[START_REF] Betancourt-Galindo | Synthesis of copper nanoparticles by thermal decomposition and their antimicrobial properties[END_REF][START_REF] Inwati | Thermodynamically induced in situ and tunable Cu plasmonic behaviour[END_REF][START_REF] Mott | Synthesis of size-controlled and shaped copper nanoparticles[END_REF]. The above results confirm that a part of the photoinduced electrons is not involved in the reaction during the induction period, i.e. rearrangement of formate species without H 2 /CO 2 production in the first 3h, but is accumulated on the CB of photocatalyst to trigger the in-situ reduction and the restructuring process of Cu 2 O into binary Cu 2 O/Cu composite. Once the binary system is formed, the charge-carriers transport channel improves due to the enhanced charge separation and so the decomposition of formate species into CO 2 and H 2 occurs. This hypothesis is confirmed by testing under similar reaction condition an additional Cu 2 O/Cu sample, which preparation is detailed in the experimental part. Higher activity (48% vs. 6%) and much shorter induction period were observed for Cu 2 O/Cu in respect to Cu 2 O (TableS2and Fig.S 16). This confirms that the induction period is related to the restructuring of Cu 2 O into Cu 2 O/Cu and that the binary system exhibits higher photocatalytic activity. However, no direct evidence of the Cu formation was found in the case of Cu:Fe 1:2 after reaction (Fig.S 17), which is probably due to the high dispersion with low particle size and the relatively low amount of Cu active sites on this sample with respect to its total Cu content.Additional XPS as well as the Cu L 3 M 45 M 45 Auger analyses of Cu:Fe 1:3 and 1:2 were performed in order to gain insight the environment of Cu and Fe in these photocatalytically inactive and active samples, respectively. The results reveal the absence of Cu + in both samples(Figures 6A and S 18). However, two types of coordination environments of Cu 2+ are detected: Cu 2+ in octahedral (oct) sites (with Cu 2p 3/2 and Cu 2p 1/2 binding-energies at 933.5 and 953.5 eV, respectively) and a minor one for Cu 2+ in tetrahedral (tet) coordination with binding-energies of the Cu 2p doublet at 934.9 eV and 954.9 eV[START_REF] Ye | The structure of copper ferrite prepared by five methods and its catalytic activity on lignin oxidative degradation[END_REF]. The photoelectron peak contributions of both Cu 2+ are colored in green and dark yellow while their common satellites are colored in yellow in Fig.6A. Cu 2+ tet is ascribed to copper coordinated with four oxygens, linked to two neighboring FeO 6 octahedra via corners to form [(Fe-O) 2+x -Cu(OH) 2-x ] (with 0≤x≤2)]. These species are more abundant in CuFe 2 O 4 (Cu tet /Cu oct = 0.64) compared with Cu:Fe 1:3 (Cu tet /Cu oct = 0.47, Table

	In-
	These results allow, by
	analogy with Cu 2 O, to propose a plausible reaction mechanism over Cu:Fe 1:2 governing
	the restructuring and the dissociation of FAc on the copper active sites, as detailed in the
	next section.
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