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Orthogonal chemical functionalization of Au/SiO 2 /TiW patterned substrates

Macropatterned and micropatterned gold/silicon dioxide/titanium tungsten (Au/SiO2/TiW) substrates were orthogonally functionalized: three different molecules (monovalent silane, thiol, and phosphonic acid) were used to specifically form organolayers on Au, SiO2 or TiW areas of patterned substrates. The orthogonality of the functionalization (i.e., selective grafting of thiol on Au, phosphonic acid on TiW and silane on SiO2) was assessed by X-ray photoelectron spectroscopy (XPS), time-of-flight secondary ion mass spectrometry (ToF-SIMS), Fourier Transform Infrared Spectroscopy (FTIR) and contact angle measurements.

These results are especially promising for the selective anchoring of targets (e.g. biomolecules, nanoparticles, nanowires, nanotubes or other nano-objects) onto patterned zones of multimaterial substrates, such as nanosensors or other nanodevices.

INTRODUCTION

The increasing number of applications of nanotechnology stresses the importance of designing nanoscale features of various chemical, biochemical or physical properties. [START_REF] Schmidt | Controlling biological interfaces on the nanometer length scale[END_REF][START_REF] Shi | Cell micropatterns based on silicone-oil-modified slippery surfaces[END_REF][START_REF] Popova | Droplet-microarray on superhydrophobic-superhydrophilic patterns for high-throughput live cell screenings[END_REF][START_REF] Ruediger | Interfaces: AFM extends its reach[END_REF] In this perspective, some strategies have been developed to achieve chemical patterns. For example, microcontact printing transfers organic compounds on defined positions of a substrate by stamping. [START_REF] Wilbur | Microcontact printing of self-assembled monolayers: applications in microfabrication[END_REF][START_REF] Pan | Control of osteoblast cells adhesion and spreading by microcontact printing of extracellular matrix protein patterns[END_REF] Self-assembled monolayers can be patterned by electron or extreme UV irradiation lithography. [START_REF] Turchanin | Molecular self-assembly, chemical lithography, and biochemical tweezers: a path for the fabrication of functional nanometer-scale protein arrays[END_REF][START_REF] Turchanin | Fabrication of molecular nanotemplates in self-assembled monolayers by extremeultravioletinduced chemical lithography[END_REF] Besides, on multi-material patterned surfaces, one can take advantage of each material chemical reactivity, to achieve site selective chemical functionalization. The so-called orthogonal chemical functionalization was first proposed in 1989. [START_REF] Laibinis | Orthogonal self-assembled monolayers: alkanethiols on gold and alkane carboxylic acids on alumina[END_REF] It offers a versatile method for controlling the interfacial properties of each material on patterned substrates. It is based on the combination of top-down fabrication (e.g. optical or electronic lithography, nanoimprint) enabling to implement spatially resolved patterns of different inorganic materials on a substrate and bottom-up formation of organolayers by spontaneous assembly of molecules on each material. Each inorganic pattern made of a given material exhibits a specific affinity for one or several molecules bearing particular chemical moieties. If the chosen molecules are truly selective of each chosen material, it becomes possible to modify the surface chemical characteristics of each type of pattern. [START_REF] Gardner | Systems for orthogonal self-assembly of electroactive monolayers on Au and ITO: an approach to molecular electronics[END_REF] Various combinations of chemical compounds (thiols, silanes, phosphonic acids) and inorganic substrates (Au, SiO2, metal oxides) have been reported for site selective chemical functionalization using orthogonal surface reactions. For instance, Au/SiO2 patterned substrates are the most common used template, and selective attachment of thiols to Au and silanes to SiO2 is exploited. [START_REF] Bergkvist | Substrate selective patterning on lithography defined gold on silica: Effect of end-group functionality on intermolecular layer formation[END_REF][START_REF] Palazon | Orthogonal chemical functionalization of patterned gold on silica surfaces[END_REF][START_REF] Briand | Chemical modifications of Au/SiO2 template substrates for patterned biofunctional surfaces[END_REF][START_REF] Maeda | Logic operations of chemically assembled single-electron transistor[END_REF][START_REF] Palma | Selective biomolecular nanoarrays for parallel singlemolecule investigations[END_REF][START_REF] Cai | Improved glass surface passivation for single-molecule nanoarrays[END_REF] Au/metal oxides (TiO2, Al2O3) substrates functionalized with thiols and phosphonic acids have also been achieved thanks to the selective attachment of the phosphonic acids to metal oxides. [START_REF] Burdinski | Universal ink for microcontact printing[END_REF][START_REF] Feuz | Improving the limit of detection of nanoscale sensors by directed binding to high-sensitivity areas[END_REF] To our knowledge, orthogonal functionalizations were only explored for surfaces bearing two different materials. However, being able to specifically functionalize surfaces made of more than two materials would provide additional degrees of freedom, and more diversity for new bottom-up nanofabrication approaches.

Herein we have focused on the orthogonal functionalization of Au/SiO2/TiW substrates. These materials were chosen because they are well established materials in the fields of biosensing (LSPR, QCM…) and/or electronics. In particular, TiW used as a diffusion barrier material has already been reported in electronic devices. [START_REF] Wang | MSM photodetectors with TiW transparent electrodes[END_REF][START_REF] Chiu | Highly thermally stable in situ SiNx passivation AlGaN/GaN enhancement-mode high electron mobility transistors using TiW refractory gate structure[END_REF][START_REF] Roshanghias | On the effects of thickness on adhesion of TiW diffusion barrier coatings in silicon integrated circuits[END_REF][START_REF] Battegay | Barrier material selection for TSV last, flipchip & 3D-UBM & RDL integrations[END_REF][START_REF] Wang | Diffusion barrier properties of TiW between Si and Cu[END_REF][START_REF] Chiou | N) as diffusion barriers between Cu and Si[END_REF][START_REF] Yan | Conducting mechanisms of forming-free TiW/Cu2O/Cu memristive devices[END_REF] It is fully compatible with microelectronic integration and could be used as a potential functional membrane in nanoelectronic transducer.

TiW thin films can be implemented on a production line with stable and reproducible chemical characteristics. TiW is therefore a material to be considered for implementing complex heterogeneous systems such as nanoelectronic sensors.

In our previous studies, we showed that TiW covered with a native oxide layer could be modified with a phosphonic acid. [START_REF] Zhang | Oxidized titanium tungsten surface functionalization by silane, phosphonic acid or ortho-dihydroxyaryl based organolayers[END_REF] We also demonstrated that Au/TiW substrate could be orthogonally modified using thiols and phosphonic acids. [START_REF] Zhang | Orthogonal chemical functionalization of patterned Au/TiW substrate for selective immobilization of nanoparticles[END_REF] However with Au/SiO2/TiW, a challenge arises from the fact that there may be a cross reactivity between SiO2 and TiW with silane or phosphonic acid.

In this work, we report for the first time in which conditions three-material patterned substrates can be orthogonally functionalized with three different molecules. Au/SiO2/TiW patterned surfaces were respectively functionalized with thiol, monovalent silane and phosphonic acid.

Selectivities of the reactions were assessed by X-ray photoelectron spectroscopy (XPS), infrared spectroscopy (IR), time-of-flight secondary ion mass spectrometry (ToF-SIMS) and contact angle on three-material substrates bearing either macroscopic features (1 cm) or microscopic features (100 μm) of each material.

EXPERIMENTAL SECTION

Chemicals. 1H,1H,2H,2H-Perfluorodecanethiol (F-thiol) 97% was purchased from Sigma-Aldrich. (Heptadecafluoro-1,1,2,2-tetrahydrodecyl)dimethylchlorosilane (F-silane) 95% was purchased from Abcr. (1H,1H,2H,2H-Tridecafluorooct-1-yl)phosphonic acid (F-phosphonic acid) 95%was purchased from SiKÉMIA. Dichloromethane (DCM) 99.9% was purchased from Sigma-Aldrich then degassed and dried over molecular sieves. Isopropanol 99.9% was purchased from Sigma Aldrich. The ultrapure water (18.2 MΩ) was used for all the experiments and cleaning. It was produced by a Veolia water system. Patterned surfaces preparing. 3cm x 2cm Au/SiO2/TiW substrates S1, S2 and S3 were patterned with centimetric size patterns ("macroscale patterned substrates") using the following protocol: one third of each TiW substrate (3 cm x 1 cm) was covered with Ti (5 nm thick) and Au (45 nm thick) by electron beam evaporation (Leybold, 1.5 × 10 -6 Torr, 6 kV, 2 Å/s). Another third of each substrate was covered with 50 nm thick SiO2 film by magnetron sputtering (AC450, Ar 42.7 sccm, O2 7.5 sccm, RF power 70 W, Vbias 140 V, pressure 5 × 10 -3 mbar).

During Au evaporation and SiO2 sputtering, a Teflon® tape was used as a masking layer to protect the other two-thirds of the substrate. The remaining third of each substrate remained unchanged as uncovered TiW. A sketch of macroscale patterned substrates is shown in Figure S1. 1cm x 1cm Au/SiO2/TiW substrates S4, S5, S6 were patterned with ~100 µm characteristic size patterns ("microscale patterned substrates") using a two-steps UV lithography process. AZ 5214 resist was spin coated at 5500 rpm for 30 s, baked at 110 °C for 60 s and exposed through a mask to UV for 4 s using an MBJB4 DUV SUSS Micro Tec device. Development was performed by immersion of the samples in TMAH (Metal Ion free 726) for 60 s. SiO2 (50 nm thick) was deposited by magnetron sputtering (AC450, Ar 42.7 sccm, O2 7.5 sccm, RF power 70 W, Vbias 140 V, pressure 5 × 10 -3 mbar). Ti (5 nm thick) and Au (45 nm thick) were deposited by electron beam evaporation (Leybold, 1.5 × 10 -6 Torr, 6 kV, 2 Å/s). After lift-off, the samples were cleaned by oxygen plasma treatment (Harrick) at the oxygen flow rate of 14 mL/min, RF power level of 38 W for 5 min to ensure that no residual resist remained on the surface. UV lithography process scheme and patterned substrates sketch are shown in Figure S1.

Chemical functionalization. Patterned substrates, named hereafter S1 and S4, were functionalized by F-thiol using the following protocol: substrates were immersed in 25 mL dried DCM containing 100 μL F-thiol (14 mM) for 48 hours. Samples were then rinsed with DCM for 5 min under ultrasound (Branson, 42 kHz, and 100 W) followed by a stream of ultrapure water and dried with nitrogen flow.

Patterned substrates, named hereafter S2 and S5, were functionalized by F-phosphonic acid using the following protocol: substrates were immersed in 20 mL ultrapure water containing 8.5 mg F-phosphonic acid (1 mM) for 16 hours. Substrates were then rinsed with isopropanol for 5 min under ultrasound (Branson, 42 kHz, and 100 W) followed by a stream of ultrapure water and dried with nitrogen flow.

Patterned substrates, named hereafter S3 and S6, were functionalized by F-silane using the following protocol: substrate was immersed in 25 mL dried DCM containing 10 μL F-silane (1 mM) for 48 hours. Then the substrates were rinsed with DCM for 5 min under ultrasound (Branson, 42 kHz, and 100 W) followed by a stream of ultrapure water and dried with nitrogen flow. After F-silane grafting, substrates were immersed in 70 °C ultrapure water for 15 min.

After removing the samples were rinsed in ultrapure water and dried with nitrogen flow.

Characterization. X-ray photoelectron spectroscopy (XPS) measurements on macropatterned substrates S1, S2 and S3 were performed using a focused monochromatized X-ray source (Al Kα = 1486.6 eV). Spectrum acquisitions were performed under ultrahigh vacuum conditions (UHV, 10 -9 Torr). Take-off angle was 90° relative to the substrate surface. Pass energies were 100 eV and 20 eV for wide-scan and high-resolution elemental scans, respectively. Data reduction was performed with CasaXPS software. The dimensions of TiW, SiO2 and Au macropatterns were largely higher than XPS beam, so that each material of the same substrate could be characterized individually. For each substrate, at least three measurements were performed on different locations of the same material, thus providing triplicate quantitative data for TiW, SiO2 and Au of the same substrate. Time-of-flight secondary ion mass spectrometry (ToF-SIMS) measurements were performed on micropatterned substrates S4, S5, S6 with a Physical Electronics TRIFT III instrument (Physical Electronics, Chanhassen, MN) operated with a pulsed Au ion gun (ion current of 2 nA) over a 500 μm × 500 μm area. The ion dose was kept below the static conditions limits. Data were analyzed using WinCadence software. Mass calibration was performed on hydrocarbon secondary ions. For each substrate, at least three measurements were performed on different locations, thus providing triplicate data and images.

Contact angle measurements were performed on macroscopic substrates S1, S2, S3 with a contact angle meter (Digidrop Goniometer, GBX, France) using the sessile drop method with deionized water. At least five 0.6 μL deionized water droplets were used. For each material of the same substrate, contact angle values were averaged from five measurements on different areas.

Attenuated total reflectance Fourier transform infrared (ATR-FTIR) adsorption spectra were recorded on macroscopic substrates S1, S2, S3 using a Thermo Nicolet 6700 spectrometer equipped with an MCT detector cooled with liquid nitrogen. All spectra were obtained from averages of 256 scans at a resolution of 4 cm -1 . The dimensions of TiW, SiO2 and Au macropatterns were largely higher than FTIR beam, so that each material of a same substrate could be characterized individually.

RESULTS AND DISCUSSION

General methodology.

As in previous work described elsewhere [START_REF] Palazon | Orthogonal chemical functionalization of patterned gold on silica surfaces[END_REF][START_REF] Zhang | Oxidized titanium tungsten surface functionalization by silane, phosphonic acid or ortho-dihydroxyaryl based organolayers[END_REF][START_REF] Zhang | Orthogonal chemical functionalization of patterned Au/TiW substrate for selective immobilization of nanoparticles[END_REF] , perfluorinated molecules were used because fluorine can be distinctively detected with surface analysis techniques such as XPS, FTIR and ToF-SIMS. This enabled to evaluate where each organic molecule used for surface functionalization was significantly located on multi-material substrates. In the present work, each multi-material substrate (Au/SiO2/TiW) was functionalized with only one type of perfluorinated molecule (F-silane, F-thiol or F-phosphonic acid). Surface analysis techniques were used to assess whether the tested molecule was detectable only on the material it was supposed to be anchored to. Functionalization and washing protocols were explored to reach the best possible functionalization selectivity.

Initial surface and impact of plasma treatment.

Prior to chemical functionalization, the Au/SiO2/TiW substrates were cleaned using an RF O2 plasma cleaner. In a previous publication, [START_REF] Zhang | Oxidized titanium tungsten surface functionalization by silane, phosphonic acid or ortho-dihydroxyaryl based organolayers[END_REF] it was observed that, after oxygen plasma cleaning, the main contributions to the XPS W4f (36.1 and 38.2 eV, W4f7/2 and W4f5/2, respectively) and Ti 2p (458.6 and 464.4 eV, Ti2p3/2 and Ti2p1/2, respectively) core levels corresponded to W 6+ and Ti 4+ states in oxides. Furthermore, it was observed that the TiW substrate contains more W than Ti. Finally, under our conditions (oxygen flow rate of 14 mL/min, RF power level of 38 W for 5 min), no gold oxide contribution on the Au4f was observed by XPS.

Following plasma cleaning, each type of substrate was exposed to F-thiol, F-silane or Fphosphonic acid, in order to assess the ability of each molecule to specifically react with one single material of the substrate.

XPS measurements on macropatterned substrates S1, S2, S3. Organolayers were implemented on macroscale Au/TiW/SiO2 patterned substrates with respectively F-thiol (Figure 1a), F-silane (Figure 1e) or F-phosphonic acid (Figure 1i) and were analyzed using XPS. Survey and high-resolution spectra were recorded at different areas to probe each material (Au, TiW or SiO2). Figure 1b-d shows the XPS survey spectra of Au, TiW and SiO2 areas of macropatterned substrates after incubation with F-thiol. On Au, the presence of fluorine was clearly evidenced by the F 1s and F KLL peaks. On the contrary, fluorine peaks were not observed by XPS on TiW and SiO2. After incubation of the macroscale patterned substrates with F-phosphonic acid, F 1s and F KLL peaks were only observed on TiW. Such peaks were not observed on Au and SiO2 (Figure 1f-h). After incubation with F-silane, intense F 1s and F KLL peaks were observed on SiO2. However, low intensity F 1s peaks were also observed on TiW (Figure S2). Nevertheless, after immersion in 70 °C H2O for 15 min, the F 1s peak disappeared on TiW, but did not decrease on SiO2 (Figure 1j-l). Indeed, according to a previous study, the grafting of monovalent silane molecules on TiW is somewhat labile at immersion in 70°C water while TiW bound phosphonic acid remained stable under similar conditions. [START_REF] Zhang | Oxidized titanium tungsten surface functionalization by silane, phosphonic acid or ortho-dihydroxyaryl based organolayers[END_REF] Therefore, site selective functionalization of SiO2 on Au/SiO2/TiW substrate can be achieved providing that the silane molecules can be removed from TiW by hydrolysis of the Si-O-TiW bond. High resolution XPS spectrum of F 1s and C 1s confirmed that the fluorine component observed in each case originated from perfluoromolecules as expected (Figure S3). ATR-FTIR spectra were recorded on macroscale patterned substrates after incubation with Fthiol, F-phosphonic acid or F-silane. After incubation with F-thiol, the spectra obtained for TiW and SiO2 areas remained unchanged. However, the spectra corresponding to the Au area displayed clear C-F signatures (Figure 2a). The band at around 1239 cm -1 and 1350 cm -1 were attributed to the perpendicular CF2 stretching bands υpdCF2 and to the axial CF2 stretching vibration bands υaxCF2, respectively. [START_REF] Laffineur | Comparison between CH3(CH2)15SH and CF3(CF2)3(CH2)11SH monolayers on electrodeposited silver[END_REF][START_REF] Patois | Microtribological and corrosion behaviors of 1H, 1H, 2H, 2H-perfluorodecanethiol self-assembled films on copper surfaces[END_REF] Similarly, after incubation with F-phosphonic acid, the spectra of Au and SiO2 remained unchanged. The TiW area displayed clear IR signatures of the symmetric and asymmetric CF2 vibrations (υpdCF2 and υaxCF2) at 1240 cm -1 and 1354 cm -1 , respectively (Figure 2b). A broad peak from 1080 cm -1 to 1100 cm -1 was attributed to the P-O bend. [START_REF] Daou | Phosphate adsorption properties of magnetite-based nanoparticles[END_REF][START_REF] Toulemon | 2D assembly of non-interacting magnetic iron oxide nanoparticles via "click" chemistry[END_REF] However, after incubation with F-silane, the spectra of SiO2 did not have any obvious C-F signatures (Figure 2c). This may be caused by an overlap between the typical CF2 vibration bands with the Si-O-Si vibration bands. [START_REF] Ramin | PMIRRAS investigation of self-assembled monolayers grafted onto SiO2/Au substrates[END_REF] Water contact angle on macropatterned substrates S1, S2, S3. The typical water contact angles of Au, TiW and SiO2 regions for the negative controls (patterned substrates immersed in the pure solvent without thiol, silane or phosphonic acid) were 43°, 12° and 10°, respectively. After surface modification with F-thiol, F-phosphonic acid or F-silane, water contact angles were measured for each material of patterned substrates (Figure 3). After incubation of the patterned substrates in the F-thiol solution, the water contact angle of Au area increased to around 105°. The water contact angles of TiW and SiO2 areas remained similar to the one measured after incubation in the pure solvent suggesting that the surface energy was not affected by the F-thiol. The 105° angle observed on Au was attributed to the formation of a perfluoroalkyl hydrophobic layer on Au. [START_REF] Patois | Microtribological and corrosion behaviors of 1H, 1H, 2H, 2H-perfluorodecanethiol self-assembled films on copper surfaces[END_REF] After incubation of the patterned substrates with F-phosphonic acid, the water contact angle on TiW area increased to around 106° due to the formation of hydrophobic F-phosphonic acid layer. [START_REF] Mcneill | Tuning the band bending and controlling the surface reactivity at polar and nonpolar surfaces of ZnO through phosphonic acid binding[END_REF] Meanwhile, the contact angles of Au and SiO2 areas remained similar to the original values. Incubation of the patterned substrates with F-silane lead to a water contact angle of 102° on SiO2, 40° on the TiW areas and 40° on the Au areas. However, after immersion in 70 °C H2O for 15 min, the contact angle measured on TiW decreased to nearly 10°. This was attributed to the hydrolysis of the Si-O-M bond. [START_REF] Zhang | Oxidized titanium tungsten surface functionalization by silane, phosphonic acid or ortho-dihydroxyaryl based organolayers[END_REF] ToF-SIMS imaging on micropatterned substrates S4, S5, S6. (a-d), F-phosphonic acid (e-h), or F-silane (i-l). Scale bars =100 μm. After F-silane grafting, the substrates were washed in 70 °C ultrapure water for 15 min. Images a, e, i correspond to the images obtained using Au + . Similarly, images b, f, j are those obtained with Ti + , c, g, k with Si + , and d, h, l with CF + . Red dot dashed rectangles, green dotted squares and blue solid squares correspond to the Au, TiW and SiO2 areas, respectively.

Fluorine mapping was performed using ToF-SIMS imaging, which has been shown to be especially well suited for the characterization of chemically patterned surfaces. Au/SiO2/TiW micropatterned substrates were implemented and imaged by ToF-SIMS after incubation with respectively F-thiol (Figure 4a-d), F-phosphonic acid (Figure 4e-h) or F-silane (Figure 4i-l).

For each type of functionalization, all four ions (Au + , Ti + , Si + and CF + ) signals were imaged and displayed. The Au + , Ti + and Si + ions were mainly related to the substrate materials (Au, SiO2 or TiW) whereas CF + ions were related to the chemical functionalization with the fluorinated molecules, respectively F-thiol (a-d), F-phosphonic acid (e-h) or F-silane (i-l) molecule. The substrate related ions Au + , Ti + and Si + were observed in all cases allowing for the localization of the information related to the substrate parts. The CF + ions were only detected in very specific areas. The orthogonality was assessed by whether the area of CF + signal was consistent with area of the three-material ions (Au + , Ti + and Si + ). For example, after incubation with F-thiol (Figure 4a-d), CF + (m/z 31.00, Fig. 4d, red dot dashed rectangles) and Au + (m/z 196.97, red dot dashed rectangles, Fig. 4a) originated from the same areas on the same substrate: this suggested that F-thiol is bound to Au zones. On the contrary, areas where Ti + (m/z 47.95, Fig. 4b, green dotted squares) and Si + (m/z 27.98, Fig. 4c, blue solid squares) were detected showed no detectable signal of CF + ions in Fig4.d: this suggested that F-thiol were only present on Au zones, and not detectable on TiW and SiO2 zones. We therefore interpret that F-thiol was selectively immobilized on Au. Similarly, ToF-SIMS imaging of F-phosphonic acid functionalized substrates (Figure 4e-h) showed that CF + (Fig. 4h, green dotted squares) was only localized with Ti + ions (Fig. 4f, green dotted squares), thus suggesting that Fphosphonic acid was only grafted to TiW zones. F-silane functionalized substrates (Figure 4il) showed that CF + (Fig. 4l, blue solid squares) was only colocalized with Si + ions (Fig. 4k, blue solid squares). This suggested that F-silane was only present on SiO2.

A challenge addressed in this work was related to the fact that both organosilanes and phosphonic acids were expected to bind metal oxide and silicon dioxide surfaces. However, silanes and phosphonic acids were expected to exhibit different behaviors towards washing and hydrolysis. For instance, Queffélec et al. reported that the metal oxide-phosphonic acid bond has a higher robustness and stability than metal-O-Si bonds. [START_REF] Queffélec | Surface modification using phosphonic acids and esters[END_REF] Pujari et al. mentioned that phosphonic acid layers on metal oxides are particularly stable to hydrolysis by comparison to silane layers, in particular for metals with high oxidation states (+IV tetracoordinate and higher). [START_REF] Pujari | Covalent Surface modification of oxide surfaces[END_REF] In the present article we have shown that W is in its +VI oxidation state. Furthermore, we demonstrated in a previous contribution [START_REF] Zhang | Oxidized titanium tungsten surface functionalization by silane, phosphonic acid or ortho-dihydroxyaryl based organolayers[END_REF] that a monovalent alkoxysilane layer formed on oxidized TiW could be hydrolyzed in 70°C water. These different arguments suggested that a phosphonic acid organolayer on oxidized TiW could be more stable towards aqueous washing than a monosilane organolayer on oxidized TiW. This seems to be confirmed by our experimental results. Besides, Queffélec et al. reported that the stability of a phosphonic acid layer on silicon dioxide was poor, unless a 120-140°C thermal annealing was performed. [START_REF] Queffélec | Surface modification using phosphonic acids and esters[END_REF] Thus the selectivity of the silanization reaction for SiO2 vs TiW on Au/SiO2/TiW substrate may arise from the stability of the Si-O-Si bond versus the Si-O-Ti or Si-O-W bonds in hot water.

The selectivity of phosphonic acid functionalization for oxidized TiW vs SiO2 may be attributed to the higher stability of phosphonic acid layers on metal oxide by comparison to silicon dioxide.

We did not assess in this work whether monofunctional or trifunctional silanes behave differently towards oxidized TiW or towards SiO2. We could expect trifunctional silanes such as (tridecafluoro-1,1,2,2-tetrahydrooctyl)trichlorosilane (PFTCS) to behave differently from a monofunctional silane such as heptadecafluoro-1,1,2,2-tetrahydrodecyl)dimethylchlorosilane (PFDCS). For instance, Bright at al. [START_REF] Bright | Decreased aperture surface energy enhances electrical, mechanical, and temporal stability of suspended lipid membranes[END_REF] showed that trifunctional perfluorosilane PFTCS could cross-link as a polymeric 3D layer, while monofunctional silane perfluorosilane PFDCS could form a thin monolayer. This is consistent with a well-known behavior of silanes 37 : trifunctional silanes may 3D cross-link while monofunctional silanes can only bind to the substrate as a (sub)monolayer or make dimers by reacting with another monofunctional silane.

Trialkoxysilanes are expected to form 3D cross-linked layers weakly bound to silica through hydrogen bonding, in absence of thermal annealing. However, Tripp et al. [START_REF] Tripp | Effect of fluoroalkyl substituents on the reaction of alkylchlorosilanes with silica surfaces[END_REF] and Stewart & Pierce [START_REF] Steward | The effect of substituent fluoroalkyl groups on the alkalicatalyzed hydrolysis of silanes 1[END_REF] reported that CF3 moieties can cause an inductive effect on the silicon atom, causing the perfluorinated chlorosilane to be more reactive than a classical chlorosilane without fluorine. Based on such considerations, we could expect fluorinated trichlorosilanes and monochlorosilanes both exhibit a high reactivity towards SiO2 and oxidized TiW. However, Ftrichlorosilanes may be harder to remove from oxidized TiW and SiO2 than Fmonochlorosilanes. Indeed, a cross-linked (or at least laterally linked) silane organolayer would enable multiple anchorage points to surface with possibly lower access to water molecules. Such considerations will need further careful experimental assessments to be correctly explored.

To the best of our knowledge, most of so-far reported orthogonal functionalizations on twomaterial surfaces involve two steps: functionalization of one material after washing, followed by functionalization of the second material. However, if the functionalizations are truly orthogonal, the functionalizations could be operated simultaneously. Our previous study reported one-pot functionalization procedures of patterned Au on SiO2 surfaces with thiols and silanes. [START_REF] Palazon | Orthogonal chemical functionalization of patterned gold on silica surfaces[END_REF] The next step of this work will consist in performing one-pot functionalization of Au/SiO2/TiW.

CONCLUSIONS

In this paper, we reported on the orthogonal functionalization procedures of patterned Au/SiO2/TiW substrates with thiols, phosphonic acid and monovalent silane, respectively. The direct chemical characterization using XPS, ATR-FTIR, water contact angle and ToF-SIMS imaging provided evidence of the orthogonality. This orthogonality was obtained, by taking advantage of complementary behaviors: phosphonic acids do not form robust layers on silicon dioxide in the absence of thermal annealing; perfluorinated monochlorosilanes strongly react with SiO2, possibly because CF3 enhances reactivity of silane by inductive effect; the selectivity of the silane for silicon dioxide is attributed to the higher stability of the Si-O-Si bond versus the Si-O-Ti or Si-O-W bonds in 70°C water. Similarly, the selectivity of the phosphonic acid for TiW originates from the stability of phosphonic acid layers on high oxidation state metals. TiW surface after O2 plasma treatment was mainly constituted of WO3 and TiO2. In the present work, each perfluorinated molecule was tested individually on substrates composed on three different materials. Two different solvents were used: silane and thiol were used in DCM, while phosphonic acid was used in water. At that stage, our goal was to assess in what conditions each organic molecule could be grafted on only one material among the three materials available on the substrates. The next step will focus on the development of a one pot surface modification of Au/SiO2/TiW similarly to the protocol reported by Palazon et al [START_REF] Palazon | Orthogonal chemical functionalization of patterned gold on silica surfaces[END_REF] with only one single solvent.

Besides, we already had shown how orthogonal functionalizations may be exploited for the deterministic addressing of nanoparticles by electrostatic and bio-affinity methods on two material patterned substrates such as Au/SiO2 or Au/TiW. [START_REF] Zhang | Orthogonal chemical functionalization of patterned Au/TiW substrate for selective immobilization of nanoparticles[END_REF][START_REF] Palazon | Nanoparticles selectively immobilized onto large arrays of gold micro and nanostructures through surface chemical functionalizations[END_REF] We expect to perform further localized modification of the surface for the deterministic placement of various nano-object, either anisotropic (e.g. nanoparticles) or isotropic (e.g. nanowires [START_REF] Cloarec | pH driven addressing of silicon nanowires onto Si3N4/SiO2 micro-patterned surfaces[END_REF] ) for various applications including the development of a new generation of sensors and other nanodevices.
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 1 Figure 1. (a) Sketch of macropatterned Au (yellow)/SiO2 (dark blue)/TiW (light blue) substrate

  Therefore, our XPS results suggested that the orthogonal chemical functionalization of Au/SiO2/TiW substrate is possible providing that the sample are washed for 15 min at 70 °C in 10 DI water. To further confirm this orthogonality of the reactions, infra-red spectroscopy, water contact angle and time of flight secondary mass spectrometry were performed.ATR-FTIR on macropatterned substrates S1, S2, S3.
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 2 Figure 2. ATR-FTIR spectrum of (a) Au and F-thiol functionalized Au, (b) TiW and F-
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 3 Figure 3. Water contact angles of macropatterned substrates functionalized by F-thiol, F-
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 4 Figure 4. ToF-SIMS imaging of patterned Au/SiO2/TiW substrates functionalized by F-thiol
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