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Introduction

The partial oxidation of primary alcohols to corresponding fine chemicals, such as partial oxidation of benzyl alcohol to benzaldehyde (Equation 1) [1,[START_REF] Zieli Ski | Influence of Support Basic Sites in Green Oxidation of Biobased Substrates Using Au-Promoted Catalysts[END_REF], is an essential industrial process because the products are widely used as synthetic chemicals or intermediates in the manufacture of fine chemicals [START_REF] Wang | Disentangling the size-dependent geometric and electronic effects of palladium nanocatalysts beyond selectivity[END_REF][START_REF] Greydanus | Controlling catalyst-phase selectivity in complex mixtures with amphiphilic Janus particles[END_REF][START_REF] Wu | Aerobic oxidation of toluene and benzyl alcohol to benzaldehyde using a visible light-responsive titaniumoxide cluster[END_REF][START_REF] Wu | High-performance benzyl alcohol oxidation catalyst: Au-Pd alloy with ZrO 2 as promoter[END_REF]. Supported noble metal nanoparticles (NPs) catalysts have been widely studied as catalysts for benzyl alcohol oxidation [START_REF] Zhao | Tailoring nanocatalysts: turning gold nanoparticles on bulk metal oxides to inverse nano-metal oxides on large gold particles[END_REF][START_REF] Wu | Formation of PdO on Au-Pd bimetallic catalysts and the effect on benzyl alcohol oxidation[END_REF][START_REF] Savara | Microkinetic Modeling of Benzyl Alcohol Oxidation on Carbon-Supported Palladium Nanoparticles[END_REF], and a high catalytic activity has been commonly reported on supported bimetallic Au-Pd NPs catalyst [START_REF] Olmos | Synergistic effect of bimetallic Au-Pd supported on ceria-zirconia mixed oxide catalysts for selective oxidation of glycerol[END_REF][START_REF] Villa | Bimetallic gold/palladium catalysts for the selective liquid phase oxidation of glycerol[END_REF][START_REF] Olmos | Size, nanostructure, and composition dependence of bimetallic Au-Pd supported on ceria-zirconia mixed oxide catalysts for selective oxidation of benzyl alcohol[END_REF]. The dilemma between catalytic activity and benzaldehyde selectivity over Au-Pd NPs catalyst is still the biggest challenge for benzyl alcohol partial oxidation. As reported previously, a high alcohol conversion (> 90%) was achieved over a mesoporous silica-supported Au-Pd NP catalyst with an unacceptable benzaldehyde selectivity (ca. 60%) [START_REF] Wu | Formation of PdO on Au-Pd bimetallic catalysts and the effect on benzyl alcohol oxidation[END_REF][START_REF] Li | Solvent-free oxidation of benzyl alcohol with oxygen using zeolite-supported Au and Au-Pd catalysts[END_REF]. Hence, it is imperative to break this conundrum by developing a new catalyst with both high catalytic activity and high useful product selectivity. Equation 1The reaction scheme of benzyl alcohol partial oxidation (The ester is mainly benzyl alcohol benzoate ester) Han et al. [START_REF] Liu | Selective phenol hydrogenation to cyclohexanone over a dual supported Pd-Lewis acid catalyst[END_REF] reported that the interaction between Lewis acid sites (metal chlorides) and C=O groups during phenol hydrogenation prevented the resultant cyclohexanone from further hydrogenation, resulting in an improved cyclohexanone selectivity. Over supported cobalt oxide NPs catalysts for benzyl alcohol partial oxidation, Pineda and co-workers [START_REF] Pineda | Mechanochemical synthesis of supported cobalt oxide nanoparticles on mesoporous materials as versatile bifunctional catalysts[END_REF] found that the benzaldehyde selectivity was enhanced as the surface Lewis acidity increased. Inspired by these results, we attempted to design a catalyst with suitable Lewis acidity to improve the benzaldehyde selectivity on Au-Pd NP catalyst for benzyl alcohol partial oxidation.

Al 2 O 3 with a non-stoichiometric spinel structure and surface Lewis acid sites [START_REF] Feng | Preparation and characterization of γ-Al 2 O 3 with rich Brönsted acid sites and its application in the fluid catalytic cracking process[END_REF][START_REF] Dai | Recent advances in selective C-C bond coupling for ethanol upgrading over balanced Lewis acid-base catalysts[END_REF], are commonly used as a catalyst or catalyst support in the industry [START_REF] Gu | Highly stable phosphine modified VO x /Al 2 O 3 catalyst in propane dehydrogenation[END_REF][START_REF] Wei | Chemoselective hydrogenation of phenol to cyclohexanol using heterogenized cobalt oxide catalysts[END_REF][START_REF] Yang | Efficient formaldehyde oxidation over nickel hydroxide promoted Pt/γ-Al 2 O 3 with a low Pt content[END_REF]. The surface Lewis acid sites on alumina are attributed to the presence of low coordinated Al 3+ ions [START_REF] Busca | Catalytic materials based on silica and alumina: Structural features and generation of surface acidity[END_REF], which can be regulated by doping with other elements. In our previous report, ZrO 2 was applied as a promoter for benzyl alcohol oxidation over Au-Pd/γ-Al 2 O 3 catalyst to enhanced the benzaldehyde selectivity [START_REF] Wu | High-performance benzyl alcohol oxidation catalyst: Au-Pd alloy with ZrO 2 as promoter[END_REF], and results showed that the presence of ZrO 2 introduced more surface Lewis acid sites to protect the benzaldehyde from over-oxidation. Daniell and co-workers illustrated that adding silica to alumina produces strong Lewis acid sites on alumina support through the isostructural substitution of Al 3+ ions to tetrahedral Si 4+ [START_REF] Daniell | Enhanced surface acidity in mixed alumina-silicas: a low-temperature FTIR study[END_REF]. Silica promoted alumina-supported NiO catalysts was reported for ethane oxidative dehydrogenation by Justin et al. [START_REF] Park | The effects of doping alumina with silica in alumina-supported NiO catalysts for oxidative dehydrogenation of ethane[END_REF]. The incorporation of an appropriate amount of silica into NiO/Al 2 O 3 catalyst increased the number of surface acid sites, which led to enhanced ethylene selectivity. Thus, silicon-promoted alumina was considered as a suitable support for Au-Pd NPs catalyst to enhance the benzaldehyde selectivity.

Besides the Lewis acid sites, the catalytic performance of noble metal NPs based catalysts, i.e., the catalytic activity, useful products selectivity, and stability is closely related to the noble metal particle size [START_REF] Taketoshi | Size-and structure-specificity in catalysis by gold clusters[END_REF], metal-support interactions [START_REF] Pritchard | Effect of heat treatment on Au-Pd catalysts synthesized by sol immobilisation for the direct synthesis of hydrogen peroxide and benzyl alcohol oxidation[END_REF][26][START_REF] Campisi | Metal-Support Cooperative Effects in Au/VPO for the Aerobic Oxidation of Benzyl Alcohol to Benzyl Benzoate[END_REF],

promoter effects [START_REF] Li | Enhanced CO catalytic oxidation over an Au-Pt alloy supported on TiO 2 nanotubes: investigation of the hydroxyl and Au/Pt ratio influences[END_REF][START_REF] Xin | Methanobactin-mediated synthesis of bimetallic Au-Pd/Al 2 O 3 toward an efficient catalyst for glucose oxidation[END_REF], etc., most of which are determined by synthetic procedures.

The traditional impregnation and adsorption method usually results in the aggregation and loss of active sites during the reaction and/or regeneration process [START_REF] Greydanus | Controlling catalyst-phase selectivity in complex mixtures with amphiphilic Janus particles[END_REF][START_REF] Zhao | Tailoring nanocatalysts: turning gold nanoparticles on bulk metal oxides to inverse nano-metal oxides on large gold particles[END_REF]. A facile one-pot synthesis procedure was developed in our previous work, applying mercaptopropyl-trimethoxysilane (MPTMS) as a functional ligand for the preparation of welldispersed monometallic or bimetallic NPs on a mesoporous silica support [START_REF] Wu | Formation of PdO on Au-Pd bimetallic catalysts and the effect on benzyl alcohol oxidation[END_REF][START_REF] Wu | Ultrastable bimetallic catalyst with tuned surface electronic properties for highly selective oxidation of cyclohexane[END_REF].

MPTMS worked as a capping agent to anchor noble metal NPs on the mesoporous silica through the interaction between its thiol group (-SH) and Au/Pt/Pd precursors during one-pot synthesis procedures [START_REF] Wu | Ultrastable bimetallic catalyst with tuned surface electronic properties for highly selective oxidation of cyclohexane[END_REF]. The obtained catalysts presented excellent catalytic activity and stability for cyclohexane partial oxidation because of the welldispersed noble metal NPs, strong metal-support interactions, and partial encapsulation of NPs into the silica pore wall. γ-Al 2 O 3 supported Au-Pd NPs catalysts synthesized by traditional impregnation method without any promoter was studied in our previous work [START_REF] Wu | High-performance benzyl alcohol oxidation catalyst: Au-Pd alloy with ZrO 2 as promoter[END_REF], and an obvious aggregation of Au-Pd NPs was observed, leading to low catalyst stability. These results remind us to apply MPTMS as an anchoring ligand for the preparation of γ-Al 2 O 3 supported Au-Pd NPs catalysts to enhance the catalytic activity and stability. Thus, a series of Au-Pd/γ-Al 2 O 3 catalysts were prepared with different amounts of MPTMS introduced via a one-pot approach (shown in Scheme 1). The MPTMS was employed both as an anchoring agent for Au-Pd immobilization on γ-Al 2 O 3 support and as a silica source for surface acidity modification. The influence of MPTMS on the catalyst physical properties and benzyl alcohol partial oxidation was investigated, and the structure-performance relationship was revealed. 

Experimental

Chemicals

HAuCl 4 •xH 2 O, PdCl

Catalyst synthesis

Au-Pd/MPTMS-γ-Al 2 O 3 catalysts were prepared by a one-pot synthesis method, where γ-Al 2 O 3 was synthesized in situ by the reaction between AlCl 3 •6H 2 O and NaAlO 2 . The one-pot synthesis procedure was illustrated in Scheme 1 and it includes four steps: (I) mixing of all reaction precursors in one pot, (II) microcrystal growth, (III) evaporation induced self-assembly assisted by P123 and (IV) calcination.

Typically, specific amounts of AlCl 3 •6H 2 O and NaAlO 2 were separately dissolved in deionized water to prepare AlCl 3 and NaAlO 2 solutions. A known amount of MPTMS was added to the AlCl 3 solution to make a MPTMS-AlCl 3 mixture and stirred for 30 min to obtain a clear solution. The resulting MPTMS-AlCl 3 and NaAlO 2 solutions were mixed at room temperature and stirred for 1.5 h. Then, known amounts of 0.02 mol/L HAuCl 4 and 0.02 mol/L PdCl 2 solutions were introduced dropwise and stirred for another 4 h. The resultant product was filtered and washed with deionized water to obtain a wet cake. A clear P123 solution was prepared, mixed with the wet cake, and fully stirred for 4 h to obtain a uniform slurry. The slurry was poured into a glass dish (4~5mm thick) and dried at 80℃ for 48 h. The dry powder was calcined at 500℃ for 6 h under atmosphere, and then reduced at 300℃ in a hydrogen atmosphere for 2 h.

The molar percentage (x%) of MPTMS/Al 2 O 3 was varied from 2.5% to 10% to study the influence of MPTMS on the support properties and metal dispersion. The synthesized catalysts were labelled as Au-Pd/x%MPTMS-γ-Al 2 O 3 , where x = 2.5, 5, 7 or 10, respectively. Meanwhile, sample Au-Pd/γ-Al 2 O 3 was prepared under the same preparation conditions except for the absence of MPTMS for comparison. Pure γ-Al 2 O 3 support was also prepared following the same preparation procedure without Au/Pd and MPTMS introduced. The obtained γ-Al 2 O 3 support was further applied for the preparation of sample Au-Pd/γ-Al 2 O 3 -im (0.25wt.%Au and 0.5wt.%Pd) by traditional wet-impregnation method as reported previously [START_REF] Wu | High-performance benzyl alcohol oxidation catalyst: Au-Pd alloy with ZrO 2 as promoter[END_REF]. Catalyst Au/γ-Al 2 O 3 was prepared by wet-impregnation method with an Au loading of 0.5wt.% as reference.

Catalyst characterization

X-ray powder diffraction (XRD) analysis (X'Pert PRO MPD system Dutch company Panaco) was applied to characterize the crystalline structure of catalysts at 35 kV and 40 mA with a Cu Kα radiation (λ = 0.15418 nm). The solid ultravioletvisible (UV-vis) characterization was carried out on a Shimadzu UV-vis-NIR spectrophotometer (UV-3101 PC) applying BaSO 4 as an internal reference. Textural properties analysis was performed on a Micromeritics TriStar 3000 adsorption analyzer, with nitrogen adsorption/desorption at -196℃. Samples were pretreated under vacuum at 300℃ for 4 h. X-ray photoelectron spectroscopy (XPS) were collected from an AXIS HIS 165 spectrometer (Kratos Analytical) applying a monochromatized Al Kα X-ray source. Binding energies were referenced to the C1s at 284.5 eV from graphitic carbon. High-resolution transmission electron microscope (HRTEM) analysis was performed on an JEOL JEM 2010 to examine the microstructures and noble metal dispersion of the catalysts. Scanning transmission electron microscopy (STEM)-high angle annular dark field (HAADF) and X-ray energy dispersive spectra (XEDS) analysis were carried out on a JEOL JEM-2100F.

Inductively coupled plasma optical emission spectroscopy (ICP-OES VISTA-MPX

Varian system) was applied to measure the exact Au and Pd loadings in the catalysts.

The acidity of obtained catalysts was examined by pyridine adsorbed Fourier transform-infrared spectroscopy (Py-FT-IR) on a Nicolet 6700 spectrometer with a MCT liquid nitrogen cooled detector and a KBr beam splitter. The benzaldehyde adsorbed samples were characterized by FT-IR analysis (Bruker Vertex 70V spectrometer) to analyze the acid-base interaction between different catalysts and benzaldehyde. The sample was pretreated in benzaldehyde for 8 hours at room temperature and vacuum dried overnight at 170 ℃ before analysis. NH 3 -temperature programmed desorption (NH 3 -TPD) analysis was carried out to measure the amount of acid on different catalysts. The measurement was performed on a Micromeritics AutoChem II 2920 analyzer. Before analysis, the sample was pretreated in helium for 1 h at 500 ℃ with a flow rate of 30 mL/min, and cooled down to 70 ℃. The system was purged with 10%NH 3 /He for 1 h to allow for the NH 3 adsorption. After the adsorption, the system was purged with a helium flow of 30 mL/min to sweep off the physically adsorbed NH 3 . The temperature was then increased to 700 ℃ with a ramping rate of 10 ℃/min and the TCD signal was recorded. In situ diffuse reflectance infrared Fourier transform (DRIFT) spectroscopy analysis was carried out on a BRUKER VERTEX 70V FT-IR spectrometer in a high-temperature diffuse reflectance cell (PIKE) using CO as probe molecule. Before analysis, the fresh catalysts were reduced at 300℃ for 1 h under a H 2 flow (20 mL/min). After cooling down to 30℃ and flushed with He for half an hour, 5% CO/He mixed gas was introduced into the cell until the CO adsorption was saturated. H 2 -temperature programmed reduction (H 2 -TPR) was carried on the same instrument. 0.05 g of fresh catalyst was loaded and heated to 300 °C under He atmosphere, then cooled to room temperature. The TPR analysis was conducted in the temperature range of 30 to 900 °C in a 50 mL/min gas flow of 10% H 2 /N 2 .

Catalytic evaluation

Benzyl alcohol partial oxidation to benzaldehyde was tested in a 100 mL autoclave (Model: SLM100, Beijing Easychem Science and Technology Development Company, China). 10.8 g of benzyl alcohol and 50 mg of catalyst were introduced into the autoclave and purged with O 2 for 3-5 times. The autoclave was pressurized to 0.8 MPa with O 2 and heated to 110℃-120℃, which are typical conditions for the partial oxidation of benzyl alcohol [START_REF] Wu | Formation of PdO on Au-Pd bimetallic catalysts and the effect on benzyl alcohol oxidation[END_REF]. The partial oxidation reaction was carried out for 1-2 h. After the reaction, all products were dissolved in ethanol and the catalyst was filtrated off, washed with ethanol and dried for next cycle. The liquid products were then analyzed on an Agilent 6870 gas chromatogram with a flame ionization detector (FID) using a DB-1 column (30×0.32×0.25).

The benzyl alcohol (BA) conversion was calculated as:

(%) = •100
where are the initial BA moles in the reactor and is the BA moles at the reaction time t.

While the benzaldehyde selectivity was calculated according to:

(%) = •100
where is the concentration of product B at the reaction time t, N j is the number of carbon atoms in B and is the number of carbon atoms in BA ( ).

The turnover frequency (TOF) was calculated based on moles of benzyl alcohol converted per mole of total Pd atoms per hour. For the evaluation of reactionregeneration cycle stability, the used catalyst was filtrated off, washed with ethanol for 3-5 times and dried at 100 o C. The retrieved catalyst was reduced at 300℃ for 2 h under H 2 atmosphere and applied for the next reaction cycle.

3.Results and discussion

Catalyst properties

XRD patterns of catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 and reference sample are shown in Fig. 1 and Fig. S1A. The peaks at 2θ of 37 It has been reported that benzaldehyde selectivity is significantly influenced by the surface acidity of the support [START_REF] Wu | High-performance benzyl alcohol oxidation catalyst: Au-Pd alloy with ZrO 2 as promoter[END_REF]. Infrared spectra of catalysts after pyridine adsorption were measured to reveal the nature of acid sites. In Fig. 6A, the characteristic vibration peaks of pyridine adsorbed on Lewis acid sites were observed at 1446 and 1614 cm -1 , suggesting the presence of coordination unsaturated Al 3+ sites [START_REF] Zaki | In situ FTIR spectra of pyridine adsorbed on SiO 2 -Al 2 O 3 , TiO 2 , ZrO 2 and CeO 2 : general considerations for the identification of acid sites on surfaces of finely divided metal oxides[END_REF][START_REF] Pieta | Quantitative determination of acid sites on silica-alumina[END_REF]. The commonly observed characteristic peaks of pyridine binding to Bronsted acid sites at 1540 cm -1 were not observed on these catalysts, verifying that sole Lewis acid sites were obtained on all the one-pot synthesized catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 , similar to the reference γ-Al 2 O 3 support. The influence of MPTMS on the amount and strength of acid sites on the catalysts was further investigated by NH 3 -TPD, as displayed in Fig. 6B and the amounts of acid sites were summarized in Table 2. When compared to the pure γ-Al 2 O 3 support, catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 displayed a slight increase in total acid content with the highest value (0.96 mmol/g) observed on catalyst Au-Pd/7%MPTMS-γ-Al 2 O 3 . Further increase in the MPTMS ratio (10%) leads to lower acid content, which is probably due to the deterioration of the pore structure as a result of a large amount of MPTMS introduced, justified by N 2 adsorption results. With an optimal amount of MPTMS (7%) introduced, a high amount of coordination unsaturated Al 3+ in alumina can be generated, which are the source of Lewis acid sites [START_REF] Xu | Synthesis and characterization of mesoporous Si-modified alumina with high thermal stability[END_REF]. However, as the amount of MPTMS increased to 10%, the quantity of acid decreased, which was attributed to the clogging of the pores and/or the coverage of acid sites, as proved by the N 2 adsorption/desorption results.

The decrease of total acid sites on catalyst Au-Pd/γ-Al 2 O 3 -im should also be ascribed to the blockage of pores and coverage of acid sites during the impregnation process, which is justified by the N 2 adsorption/desorption data shown in Table 1. Pd atoms [START_REF] Gong | Enhanced catalyst selectivity in the direct synthesis of H 2 O 2 through Pt incorporation into TiO 2 supported AuPd catalysts[END_REF] were observed on catalyst Au-Pd/γ-Al 2 O 3 , whereas they were absent on the catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 . A broad peak at 2017 cm -1 was detected on catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3, the intensity of which increases with the introduction of MPTMS to a weight percentage of 7%. This peak is attributed to the adsorption of CO on isolated (atop) Pd atoms which were separated and/or enwrapped by other components [START_REF] Song | A facile way to improve Pt atom efficiency for CO oxidation at low temperature: modification by transition metal oxides[END_REF][START_REF] Lee | In situ studies of titania-supported Au shell-Pd core nanoparticles for the selective aerobic oxidation of crotyl alcohol[END_REF]. However, the peak intensity decreased with a further increase in MPTMS to 10%, which is probably attributed to the complete encapsulation of Pd sites with a relatively high SiO 2 content. These results suggest that when an optimal amount of MPTMS is used, Pd ensembles are isolated by Au and/or partially enwrapped by SiO 2 , creating more isolated Au-Pd interfaces and higher exposure for reaction. This is usually considered to be the active site where oxygen is activated in the partial oxidation reaction [START_REF] Tang | Pt/ZrO 2 Prepared by Atomic Trapping: An Efficient Catalyst for the Conversion of Glycerol to Lactic Acid with Concomitant Transfer Hydrogenation of Cyclohexene[END_REF][START_REF] Tang | Direct oxidation of methane to oxygenates on supported single Cu atom catalyst[END_REF]. to be associated with the reduction of embedded PdO species in the Al 2 O 3 [START_REF] Chen | Cooperative Catalysis of Methane Oxidation through Modulating the Stabilization of PdO and Electronic Properties over Ti-Doped Alumina-Supported Palladium Catalysts[END_REF] and/or the reduction of palladium oxychloride compound (PdO x Cl y ) formed during calcination [START_REF] Zeng | Ba-Doped Pd/Al 2 O 3 for Continuous Synthesis of Diphenylamine via Dehydrogenative Aromatization[END_REF]. These reduction peaks shift to higher temperatures on catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 , indicating a stronger interaction between Pd species and support. The peak between 700-800℃ belongs to the reduction of bulk oxygen of PdO [START_REF] Chen | Cooperative Catalysis of Methane Oxidation through Modulating the Stabilization of PdO and Electronic Properties over Ti-Doped Alumina-Supported Palladium Catalysts[END_REF][START_REF] Wang | Effect of synthesis method on the properties of ceria-zirconia modified alumina and the catalytic performance of its supported Pd-only three-way catalyst[END_REF]. It should be noted that a small negative peak at 46 ℃ was observed on catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 , which is attributed to the decomposition of β-PdH x [START_REF] Li | Shape-controlled synthesis of Pd nanocrystals with exposed {110} facets and their catalytic applications[END_REF], while this peak is absence in Au-Pd/γ-Al 2 O 3 . The β-PdH x species on catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 reveals the existence of highly active Pd 0 species, which may serve as active sites for the benzyl alcohol partial oxidation reaction.

Catalytic performance

The catalytic performance of reference samples (Au-Pd/γ-Al As a result, the highest yield of benzaldehyde (75%) was achieved in catalyst Au-Pd/7%MPTMS-γ-Al 2 O 3 , which is higher than that of Au-Pd/5%ZrO 2 -γ-Al 2 O 3 reported in our previous work [START_REF] Wu | High-performance benzyl alcohol oxidation catalyst: Au-Pd alloy with ZrO 2 as promoter[END_REF]. The catalytic activity of supported noble metal NP catalyst was closely related to the dispersion and exposure of active metal components.

Catalyst Au-Pd/5%MPTMS-γ-Al 2 O 3 with an optimized MPTMS ratio resulted in the best active sites dispersion and exposure among all catalysts, but excessive MPTMS contents led to the pore structure deterioration of alumina support (justified by N 2 adsorption results) and low exposure of active sites on Pd/7%MPTMS-γ-Al 2 O 3 and Pd/10%MPTMS-γ-Al 2 O 3 . Thus, an optimized amount of MPTMS is needed to enhance the catalytic activity by modifying the dispersion of active sites.

The selectivity of benzaldehyde exhibited a volcano shape with the ratio of MPTMS introduced. As shown in Fig. 9B, a consistent trend was observed between the benzaldehyde selectivity and Lewis acid content on different catalysts. The highest benzaldehyde selectivity (90%) was achieved on catalyst Au-Pd/7%MPTMSγ-Al 2 O 3 with the largest amount of Lewis acid sites (0.96 mmol/g). In order to further clarify the effect of acid sites on benzaldehyde selectivity, the FTIR analysis of the benzaldehyde adsorbed on catalyst was conducted. The FTIR spectra of benzaldehyde adsorbed samples are shown in Fig. 9C, and pure benzaldehyde was also analyzed as reference. The presence of C=C and C-H benzene ring bond vibrations on all samples (Fig. 9C) revealed that benzaldehyde is adsorbed on these catalysts. Notably, compared with the free benzaldehyde, an obvious shift of C=O stretching vibration was detected for benzaldehyde adsorbed on catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 , from 1701 cm -1 to 1606 cm -1 (Fig. 9D) due to the strong interaction between acid sites and the C=O group on the absorbed benzaldehyde, which is considered as acid-base interaction [START_REF] Liu | Selective phenol hydrogenation to cyclohexanone over a dual supported Pd-Lewis acid catalyst[END_REF]. Only Lewis acid sites were observed on catalysts Au-Pd/x%MPTMSγ-Al 2 O 3 and the benzaldehyde selectivity was well correlated with the number of Lewis acid sites. This is because the coordination unsaturated Al 3+ (Lewis acid sites) accepted the lone-pair electrons from C=O group of benzaldehyde which protected the benzaldehyde from deep oxidation to other byproducts [START_REF] Wu | High-performance benzyl alcohol oxidation catalyst: Au-Pd alloy with ZrO 2 as promoter[END_REF], the schematic illustration of this interaction is shown in Scheme 2. Thus, the introduction of MPTMS in one-pot synthesis procedure improved the benzaldehyde selectivity on γ- 

4.Conclusion

A series of γ-Al 2 O 3 supported Au-Pd alloy NP catalysts were prepared by a facile one-pot procedure applying MPTMS as a functional ligand. The introduction of MPTMS favors the loading and dispersion of noble metal NPs on the alumina support.

Well-dispersed Au-Pd alloy NPs supported on γ-Al 2 O 3 were obtained and applied for benzyl alcohol partial oxidation. The characterization and reaction results revealed that the highest catalytic activity was achieved with a MPTMS ratio of 5%, while a MPTMS ratio of 7% resulted in the highest benzaldehyde selectivity (90%). By establishing the structure-performance relationship, the high catalytic activity was attributed to the high noble metal dispersion and exposure, while the origin of the high benzaldehyde selectivity was due to the formation of more surface Lewis acid sites after introducing MPTMS. The acid-base interaction between the Lewis acid site and benzaldehyde inhibits the over oxidation of benzaldehyde into unwanted byproducts, resulting in a high benzaldehyde selectivity. a : BET method was applied to calculate the specific surface area.

Figures and Schemes

b : Pore volume was obtained at P/P o = 0.998.

c : BJH method was applied to calculate the pore diameter using the adsorption branch. 
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  To investigate the reducibility of catalysts, H 2 -TPR profiles of unreduced catalysts Au-Pd/γ-Al 2 O 3 and Au-Pd/x%MPTMS-γ-Al 2 O 3 are displayed in Fig.8. On catalyst Au-Pd/γ-Al 2 O 3 , the peaks at the temperatures of 417 ℃ and 532 ℃ have been reported

  2 O 3 and Au-Pd/γ-Al 2 O 3 -im) and catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 for benzyl alcohol partial oxidation were evaluated, and the results are presented in Fig. 9A and

Al 2 O

 2 3 supported Au-Pd catalysts through formation of more Lewis acid sites. The reaction-regeneration cycle stability of catalyst Au-Pd/7%MPTMS-γ-Al 2 O 3 was evaluated in four consecutive reaction runs, and the reaction results are summarized in Table 3. A slight decrease of benzaldehyde yield was detected from 75.0% in the first reaction cycle to 73.5% in the second one, but no further decrease was observed, which is probably attributed the aggregation of free surface Au-Pd atoms during the first reaction cycle. No leaching of Au or Pd element was detected by ICP analysis after each reaction cycle. The good stability of catalyst Au-Pd/7%MPTMS-γ-Al 2 O 3 was due to the strong interaction between Au-Pd alloy NPs and γ-Al 2 O 3 support with MPTMS as functional ligand, which promotes the anchoring of Au-Pd alloy NPs on γ-Al 2 O 3 support during one-pot synthesis. The consistent benzaldehyde selectivity (>90%) in four reaction cycles indicated a good stability of Lewis acid sites on catalyst Au-Pd/7%MPTMS-γ-Al 2 O 3 during the reaction.
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  d : N 2 adsorption/desorption isotherms and pore size distribution curves of catalyst Au-Pd/γ-Al 2 O 3im are shown in Fig. S2.

  

  

  2 , and triblock co-polymer PEO 20 PPO 70 PEO 20 (P123) were

	obtained from Aladdin Chemical. Mercapto-propyl-trimethoxysilane (MPTMS, 97%),
	benzyl alcohol (99.99%), benzoic acid (99.99%), sodium aluminate (80%),
	benzaldehyde (99.99%), absolute ethanol (99.98%) and AlCl 3 •6H 2 O (97%) were
	supplied by Sinopharm Chemical.

  Al 2 O 3 phase was obtained with the presence of MPTMS and noble metal salts in the one-pot synthesis procedure[START_REF] Bai | Facile synthesis of thermally stable mesoporous crystalline alumina by using a novel cation-anion double hydrolysis method[END_REF]. However, as the silicon content increases, the characteristic peak of γ-Al 2 O 3 at 37.6° is broadened and the peak intensity decreases, whereas the characteristic diffraction peak of Si-O phase appears at 28.0° (JCPDS 30-1127), indicating that Si probably interacted with Al atoms to form Si-O-Al bonds[START_REF] Lee | Si-O-Si sites in framework aluminosilicate glasses with Si/Al=1: quantification of framework disorder[END_REF]. The lattice parameters of different catalysts calculated by the Bragg equation[START_REF] Pope | X-Ray Diffraction and the Bragg Equation[END_REF] are shown in Table1. The shift in γ-Al 2 O 3

.6°, 45.8°, and 66.8° are attributed to the (311), (400) and (440) facets of γ-Al 2 O 3 (JCPDS 29-0063), respectively, indicating that the γlattice parameters is probably due to the interaction between Si and Al, and/or the introduction of Au-Pd NPs, which needs further investigation. The actual Au and Pd loadings were obtained by ICP-OES analysis and presented in Table

1

. The total metal loading on catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 was about 0.75wt.%. However, no monometallic or bimetallic Au and Pd characteristic peaks were detected on catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 (Fig.

1

), which is attributed to the low metal loading and/or anchoring effect of MPTMS, resulting in good dispersion of Au-Pd NPs

[START_REF] Gong | General Synthetic Route toward Highly Dispersed Ultrafine Pd-Au Alloy Nanoparticles Enabled by Imidazolium-Based Organic Polymers[END_REF]

.

The XRD pattern of sample Au-Pd/γ-Al 2 O 3 -im is shown in Fig.

S1A

, on which the diffraction peaks at 2θ of 38.2°(111), 44.4°(200) and 64.6°(220) (JCPDS 65-8601) were clearly observed, indicating the presence of cubic Au and/or Au-Pd phase on wet-impregnated sample

[START_REF] Wu | Ultrastable bimetallic catalyst with tuned surface electronic properties for highly selective oxidation of cyclohexane[END_REF]

. The high intensity of XRD diffraction peaks on sample Au-Pd/γ-Al 2 O 3 -im revealed the presence of large noble metal NPs.

Table 3 .

 3 As shown in Table 3, all Au-Pd/x%MPTMS-γ-Al 2 O 3 catalysts exhibited much higher activity than that of Au-Pd/γ-Al 2 O 3 and Au-Pd/γ-Al 2 O 3 -im, indicating the important role of MPTMS in improving the catalytic activity of Au-Pd/γ-Al 2 O 3 . The low catalytic activity on catalyst Au-Pd/γ-Al 2 O 3 was due to the low loading of active sites (undetectable Au and Pd) without MPTMS as the functional ligand. The low benzyl alcohol conversion (26.3%) obtained on catalyst Au-Pd/γ-Al 2 O 3 -im is possibly attributed to the aggregation of Au/Pd NPs (6-20 nm) and/or less alloying of Au and Pd on the sample (justified by XRD and UV-Vis results), provided that well-dispersed Au-Pd alloy surfaces have been reported as active sites for benzyl alcohol partial oxidation [8]. For Au-Pd/x%MPTMS-γ-Al 2 O 3 catalysts, the highest catalytic activity was achieved on catalyst Au-Pd/5%MPTMS-γ-Al 2 O 3 (20000 h -1 ) while the highest benzaldehyde selectivity (90%) was observed on catalyst Au-Pd/7%MPTMS-γ-Al 2 O 3 .

Table 1 .

 1 Physicochemical properties of Au-Pd/x%MPTMS-γ-Al 2 O 3 catalysts.

	Tables						
		Metal loading					Lattice
				S BET	a	V b	D c
	Catalysts	(wt. %)					parameter of
				(m 2 /g)	(cm 3 /g)	(nm)
		Au	Pd					γ-Al 2 O 3 (Å)
	γ-Al 2 O 3	-	-	388.5	0.8	7.6	7.92
	Au-Pd/γ-Al 2 O 3	-	-	362.7	0.8	7.2	7.93
	Au-Pd/2.5%MPTMS-γ-Al 2 O 3	0.27	0.51	466.6	1.4	12.1	7.27
	Au-Pd/5%MPTMS-γ-Al 2 O 3	0.23	0.47	453.7	1.3	11.4	7.19
	Au-Pd/7%MPTMS-γ-Al 2 O 3	0.17	0.41	449.0	1.1	9.8	7.11
	Au-Pd/10%MPTMS-γ-Al 2 O 3	0.22	0.52	397.9	1.2	12.4	7.10
	Au-Pd/γ-Al 2 O 3 -im d	0.25	0.51	340.5	0.46	5.3	7.91

Table 2 .

 2 The acidic properties of the catalysts Au-Pd/x%MPTMS-γ-Al 2 O 3 . Pyridine adsorption infrared spectra and NH 3 -TPD analysis of samples γ-Al 2 O 3 and Au-Pd/γ-Al 2 O 3 -im are shown in Fig.S4.

	Catalyst		Acid content (mmol/g)	Total acid content
			Weak	Medium	Strong	(mmol/g)
	γ-Al 2 O 3	a	0.18	0.40	0.31	0.89
	Au-Pd/γ-Al 2 O 3	0.25	0.30	0.33	0.88
	Au-Pd/2.5%MPTMS-γ-Al 2 O 3	0.31	0.22	0.39	0.92
	Au-Pd/5%MPTMS-γ-Al 2 O 3	0.42	0.17	0.33	0.92
	Au-Pd/7%MPTMS-γ-Al 2 O 3	0.35	0.22	0.39	0.96
	Au-Pd/10%MPTMS-γ-Al 2 O 3	0.27	0.28	0.36	0.91
	Au-Pd/γ-Al 2 O 3 -im a	0.20	0.32	0.26	0.78

a :

Table 3 .

 3 Catalytic performance of benzyl alcohol partial oxidation on different catalysts. Reaction conditions: 50 mg of catalyst, 10.8 g of benzyl alcohol, T = 110 ℃, pO 2 = 0.8 MPa and t = 2 h.

		Benzyl alcohol	Benzaldehyde	Product selectivity/%			
	Catalysts a							
		Conversion (%)	Yield (%)	Toluene Benzaldehyde Benzoic acid Benzyl benzoate Others
	Au-Pd/γ-Al 2 O 3	6.1	6.1	--	99.9	--	--	0.1
	Au-Pd/γ-Al 2 O 3 -im	26.3	22.5	1.6	85.4	3.6	5.4	4.0
	Au-Pd/2.5%MPTMS-γ-Al 2 O 3 89.3	54.8	5.2	61.4	25.1	8.3	--
	Au-Pd/5%MPTMS-γ-Al 2 O 3	88.7	61.5	3.3	69.3	18.9	8.5	--
	Au-Pd/7%MPTMS-γ-Al 2 O 3	83.3	75.0	4.7	90.0	3.4	1.9	--
	Au-Pd/10%MPTMS-γ-Al 2 O 3	80.8	58.7	3.3	72.6	10.5	12.7	0.9
	Au-Pd/7%MPTMS-γ-Al 2 O 3 -2 nd 80.8	73.5	3.7	91.0	2.4	2.0	0.9
	Au-Pd/7%MPTMS-γ-Al 2 O 3 -3 rd 81.0	73.2	4.0	90.5	2.9	1.8	0.8
	Au-Pd/7%MPTMS-γ-Al 2 O 3 -4 th 81.1	73.2	3.9	90.2	3.0	2.0	0.9
	Au-Pd/MCF-H 2	96.0	48.9	10.6	50.9	20.8	4.1	6.2[8]

a
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Appendix A. Supplementary data

XRD patterns, Nitrogen adsorption-desorption isotherm, TEM image.