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Arsenic is one of the most toxic elements present in the environment, especially in water. The World Health Organization (WHO) recommends a maximum concentration of arsenic in drinkable water of 10 µg/L (10 ppb). Sensors implementing Surface Enhanced Raman Scattering (SERS) can detect chemical species at low concentrations. The aim of this study is to compare two kinds of silver-coated SERS substrates for detection and speciation of trace, trivalent and pentavalent, inorganic arsenic compounds. One type of substrates was prepared by a classical thermal evaporation technique, the second type by an electroless process. The thermally evaporated substrates allowed the detection of As(III) only, at a limit of detection (LOD) of approximately 50 mg/L, whereas As(V) could not be detected at any analyte concentration. The electroless substrates allow to differentiate As(III) and As(V) with a LOD 1 µg/L (1 ppb) equal for each valency, below WHO recommendation. The electroless substrates show a very large sensitivity across up to five orders of magnitude in terms of analyte concentration. Although the SERS intensity shows a nonlinear behaviour over this range of concentrations, these preliminary results are encouraging in the framework of the demonstration of trace As SERS sensors in drinkable water.

Introduction

Arsenic (As) is the 20 th most abundant element in the terrestrial crust. Global arsenic pollution has become increasingly important because of its ecotoxicological consequences and especially its harmful effects on human health. Today, millions of people are exposed to elevated doses of As mainly for water, soil and food. Therefore, it is important to monitor water, food and soil with efficient, reliable and highthroughput As detection methods [START_REF] Flora | Arsenic: chemistry, occurrence, and exposure[END_REF][START_REF] Singh | Arsenic biosensors: Challenges and opportunities for high-throughput detection[END_REF]. In natural water, As is found as inorganic compounds: arsenite containing trivalent arsenic As(III) and arsenate containing pentavalent arsenic As(V). Nearly 108 countries of the globe are affected by arsenic contamination in groundwater [START_REF] Shaji | Arsenic contamination of groundwater: A global synopsis with focus on the Indian Peninsula[END_REF]. The biggest scourge is This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.
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Our aim is to study and demonstrate SERS substrates dedicated to heavy metal oxides, like As(III) and As(V) that are efficient, sensitive (below WHO recommendation), supporting a large concentration range over several decades. They shall preferably be low-cost, versatile, easily attached to transductors like glass substrates (flat or cylindrical, e.g. fiber cladding), as well as corrugated substrates [START_REF] Degioanni | Surfaceenhanced Raman scattering of amorphous silica gel adsorbed on gold substrates for optical fiber sensors[END_REF]. Here we report on the study and comparison of two types of SERS substrates for As detection, elaborated by thermal evaporation and by electroless process, respectively. Both manufacturing processes are fast and require few steps. The starting compounds have a low environmental toxicity: this is a benefit for detection measurements in natural as well as potable water. Physical deposition, such as thermal evaporation, is in principle more reproducible and repeatable than chemical deposition processes. The former requires a more expensive facility, whereas the latter needs inexpensive, basic chemistry lab equipment. In this work, we compare both processes in terms of sensitivity and LOD.

After manufacture, we have characterized the deposited layers by AFM and optical extinction measurements. Then the SERS response of methylene blue (MB) solutions were characterized. MB is a well-known probe molecule used to evaluate the SERS effect [START_REF] Vinod | Bi-metallic Au-Ag nanochains as SERS substrates[END_REF]. This molecule belongs to the dyes family characterized by a large value of polarizability leading to huge SERS signal [START_REF] Tang | Review-Surface-enhanced raman scattering sensors for food[END_REF]. We conducted tests for detection and speciation of As(III) and As(V), in separate dilute solutions, over a wide range of concentrations. To the best of our knowledge, it is the first time that As-detection by SERS is performed on an Ag substrate made by a physical process. The results are discussed in the light of the experimental characteristics, such as plasmonic and structural properties including surface roughness. The variation of the SERS intensity relative to As(III) and As(V) signals as a function of analyte dilutions is also discussed as well as the adsorption of the arsenic mechanisms on the silver surface.

Experimental

-Silver SERS substrates elaboration Two kinds of silver SERS layers were elaborated: electroless-deposited and thermally evaporated layers. The glass substrate slides were washed in a piranha solution (1/3 H2O2; 2/3 H2SO4) for 20 minutes and rinsed successively in an acetone bath for 5 minutes and an ethanol bath for 5 minutes. For the electroless process, the glass slides were immersed in a SnCl2 solution (concentration C=1g/L) for 15 minutes to sensitize the glass surface for silver deposition. The glass slides are then briefly plunged into a AgNO3 solution. Sn 2+ ions react with Ag + ions to produce Ag 0 , that will serve as catalyst for the electroless reaction. The electroless reaction is performed by putting the slides in the Tollen's reagent bath during 30 minutes by maintaining a vigorous agitation of the solution. The used Tollen's reagent was a silver nitride (AgNO3) solution (C=0.03 mol/L) in ammonia medium with the pH adjusted to 8.8. The thickness of the electroless layer was 98 ± 5 nm, as measured by mechanical profilometry. For the thermal evaporation process, the layer deposition was performed in a homemade vacuum chamber at a pressure of 6.10 -6 mbar. The initial current across the Ag source was 110 A, then lowered to 105 A. The silver layer thickness was controlled in situ using a quartz crystal scintillator. The initial growth speed was 2.0 nm/s, then 1.5 nm/s. The layer final thickness was 90 ± 5 nm.

-Structural and optical characterization of the Ag SERS substrates Roughness measurements were performed with a Bruker Dektak XT profilometer. The window scanning was 1 mm for each measurement. The average roughness (Ra) was measured. AFM was performed in air, using an MFP-3D Asylum Research Oxford AFM. Images were recorded using a silicon cantilever. The grain size was determined with Gwyddion© software [22]. The roughness was estimated with the Dektak XT profilometer software.

Transmission extinction spectra were measured through the glass slides and the deposited layers with a UV-Visible-Near Infrared Perkin Elmer spectrophotometer. The measured light intensity transmitted though the samples was compared with that through a blank glass slide as a reference. The spectral range extends from 300 to 1000 nm with 2-nm resolution. This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.
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-Analytes elaboration for SERS measurements Methylene blue (MB) solutions were prepared from MB powder and distilled water. The parent solution (1,00 ±0,02).10 -1 mol/L was made with 3,2 g of MB powder in 100 mL of distilled water. The other solutions were prepared from successive dilutions of the parent solution, with a wide range of MB concentrations from 3,19.10 -6 g/L to 3,19 g/L. The pH of the solutions was between 6 and 6.5. The precision in the concentration of the diluted MB solutions is estimated to be 1 %.

The arsenic solutions were elaborated from standard arsenic solutions used for the calibration of mass spectrometry measurements. The As(III) standard solution had a concentration of 1000 ppm (1 g/L) and traces of NaOH. The As(V) standard solution had a concentration of 1000 ppm (1 g/L) and 2 % HNO3. NaOH and HNO3 are valency stabilizers in the respective standard solutions. NaOH and HNO3 do not interact with As detection by SERS [START_REF] Irish | Raman spectral study of the constitution and equilibria of nitric acid and d-nitric acid[END_REF] [START_REF] Ruas | Nitric acid: modeling osmotic coefficients and acid-base dissociation using the BIMSA theory[END_REF]. The concentration range of the diluted solutions was set between 0.1 g/L and 1 µg/L; the latter is below the WHO recommendation (10 µg/L). TABLE I lists the concentrations and pH of the As(III) and As(V) solutions. The precision in the concentration of the diluted As-solutions is estimated between 0.3 % and 1 %. Note that the pH of As(III) solutions below the concentration 10 -4 g/L is less than 7. It is a consequence of the well-known acidification of water by the absorption of atmospheric CO2. -Classical Raman and SERS measurements Raman spectra were obtained with a fully confocal DXR ThermoFisher spectrophotometer operating at an excitation wavelength of 780 nm delivered by a frequency-stabilized single mode diode laser. A confocal 50-µm pinhole was set to allow measurements with a 2 µm depth resolution in an optically transparent sample. The laser power was set at 14 mW, corresponding to 9 mW incident power on the sample. The microscope magnification was x10 (Numerical Aperture = 0.25), leading to a laser spot diameter estimated at 4 µm. The estimated power density on the sample was ~ 0.7 mW/µm 2 . A highresolution grating provided a spectral resolution of 3 cm -1 . The Rayleigh peak was cut by an edge filter included into the setup. Each measurement consisted of 20 exposures of 3 sec duration each. The background noise of the SERS measurements was less than 10 counts per second (cps). The limit of detection (LOD) was estimated from the crossing of the extrapolation of the SERS intensity vs concentration curves and the 10-cps level.

SERS measurements of MB and arsenic (the analytes) were performed on the SERS substrate samples, at 780 nm excitation, using the diluted solutions. They were carried out as follows : a droplet of analyte solution was deposited on the sample surface. The laser beam was focused on the interface between the sample surface and the drop. The repeatability conditions of the measurement were checked by performing the detection of analytes five times on the same substrates and the same drop of analytes, without changing any of the measurement parameters, in a short period of 20 minutes. This study was performed for all solutions of analytes and by the same experimenter. The reproducibility conditions of the measurement were checked by performing the measurement for the same dilutions This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.
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Results and discussion

Characterization of the silver SERS substrates Surface imaging of the silver SERS layers by atomic force microscopy (AFM)

The surface AFM images are shown on Figure 1 for a selected sample of both types of substrates. The average roughness (Ra) is estimated by mechanical profilometry. The arithmetic average of the absolute values of the deviations, between peaks and troughs is calculated. Ra measures the distance between this average and the "center line". It clearly appears on Fig. 1(a) that the electroless-deposited silver layer is granular with inhomogeneous grain shapes and size. The grain or nanoparticle size is (101±10) nm and the average roughness (Ra) is (21±2) nm. On the opposite, the thermally evaporated silver layer has a more continuous and less structured appearance and is characterized by a low roughness value equal to (3±0,5) nm (Fig. 1(b). 

Optical extinction characterization of the silver SERS layers

Extinction spectra represented by the optical density (OD) versus wavelength are depicted Figure 2 for both kinds of SERS substrates. Both spectra show a general trend, that is an increasing optical density when wavelength increases. This is due to the wavelength sensitive reflectivity of silver films. However, one notices a large band with a maximum near 560 nm recorded for SERS substrates elaborated with an electroless-deposited silver layer (Fig. 2(a)). Usually, the LSPR band maximum of spherical monodisperse silver nanoparticles is located near 420 nm [START_REF] Mock | Shape effects in plasmon resonance of individual colloidal silver nanoparticles[END_REF]. Nevertheless, a shift can be explained by different phenomena. The first hypothesis is due to the inhomogeneity of the geometry of nanoparticles deposit. This shift of the maximum is most likely due to the nanoparticles shape that is not spherical as shown by the AFM image of Figure 1(a). Mock et al explain that there is a shift of the plasmon band position from 420 nm to 700nm, attributed to the shape and size of nanoparticles, that agrees with our results [START_REF] Mock | Shape effects in plasmon resonance of individual colloidal silver nanoparticles[END_REF]. Moreover, an inhomogeneous nanoparticle shape as observed in Figure 1(a) can also explain the silver plasmon band enlargement. Another hypothesis is that the silver films surface may have been oxidized into Ag2O between the elaboration and the absorption measurement. According to Chatterjee, a red shift in the plasmon band may be due to the presence of oxide on the silver surface [START_REF] Chatterjee | Plasmon resonance shifts in oxide-coated silver nanoparticles[END_REF]. They obtained an LSPR for oxide nanoparticles between 550 and 700 nm. Another cause may be a result from pollution by sulphur from ambient air. A thin layer of sulphur (Ag2S) can shift the LSPR by around 100 nm [START_REF] Mcmahon | Rapid tarnishing of silver nanoparticles in ambient laboratory air[END_REF]. The last hypothesis is the presence of a strong coupling between Ag nanostructures [START_REF] Halas | Plasmons in strongly coupled metallic nanostructures[END_REF][START_REF] Quiroz | Step by step synthesis of silver films by electroless technique and their SERS application of sodium arsenate[END_REF]. This phenomenon can shift the LSPR by around 60 nm [START_REF] Jain | On the universal scaling behavior of the distance decay of plasmon coupling in metal nanoparticle pairs: a plasmon ruler equation[END_REF]. This hypothesis may This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.

PLEASE CITE THIS ARTICLE AS DOI: 10.1063/5.0126372 explain that two bands are observed: the one around 380 nm attributed to quadrupole contributions, and the one around 560 nm to dipole contributions, respectively [START_REF] Kalfagiannis | Laser annealing as a platform for plasmonic nanostructuring[END_REF]. Nevertheless, the observed red shift would contribute to the improvement of the plasmon excitation, and hence Raman exaltation and SERS, because the excitation wavelength (780 nm) is near the extinction band. ). Instead of this, absorption increases monotonously throughout the visible range. This observation can be explained by several hypotheses. Since the measurements were carried out without an integrating sphere, the transmission spectrum obtained is in fact a reflectance spectrum [START_REF] Jobst | Optical properties of unprotected and protected sputtered silver films: Surface morphology vs. UV/VIS reflectance[END_REF]. For thicknesses of the order of 90 nm deposited by evaporation, the percolation threshold is exceeded, and the film is semi-continuous (Figure 1 (b)). With this type of film, it is no longer possible to use optical absorption to measure the plasmonic response. According to Seal et al, in semi-continuous films obtained after the percolation threshold, there may be the coexistence of localized and delocalized plasmons. To demonstrate this coexistence, these authors used SNOM (Scanning Near-field Optical Microscopy) [START_REF] Seal | Coexistence of localized and delocalized surface plasmon modes in percolating metal films[END_REF]. These techniques are difficult to implement because it is necessary to have ordered structural substrates to be able to interpret the results [START_REF] Merlen | Imaging the optical near field in plasmonic nanostructures[END_REF]. Because localized plasmons are necessary to obtain a high SERS sensitivity, it is critical to obtain localized plasmons by manufacturing thin films [START_REF] Degioanni | Surfaceenhanced Raman scattering of amorphous silica gel adsorbed on gold substrates for optical fiber sensors[END_REF]. We have thermally evaporated a 5-nm thick Ag layer. On this we have observed an OD maximum at around 420 nm (result not shown here), attributed to LSPR. This value is in accordance with the literature for Ag nanostructures of circular shape [START_REF] Mock | Shape effects in plasmon resonance of individual colloidal silver nanoparticles[END_REF][START_REF] Smitha | Studies on surface plasmon resonance and photoluminescence of silver nanoparticles[END_REF]. However, this thin Ag coating peeled off when a droplet of As solution was deposited on it, due to surface tension and low adhesion power of Ag on glass. An adhesive undercoating would have overcome this, at the risk of generating parasitic Raman bands, that would have been difficult to discriminate from the signal from arsenic. That is why the thermalevaporated substrates with low silver thickness are not suitable for As detection by SERS. The study of possible effects of adhesive undercoating on SERS is out of the scope of this work. In the following, we report studies on the thicker evaporated substrates without adhesive undercoating.

SERS efficiency evaluation of the substrates on methylene blue

We have estimated the LOD of MB and used it as a criterion to evaluate and compare the SERS efficiency of both types of substrates. Figures 3(a) and 3(b) show SERS spectra of a MB solution at 3,19.10 -2 g/L recorded with both types of substrates. The most intense characteristic peaks of MB located at around 445 cm -1 and 1625 cm -1 are clearly visible. These bands are assigned to C-N-C skeletal bending vibrations and C-C stretching, respectively [START_REF] Xiao | Surface-enhanced Raman scattering of methylene blue absorbed on cap-shaped silver nanoparticles[END_REF][START_REF] Naujok | Fluorescence and fourier transform surface-enhanced Raman scattering measurements of methylene blue adsorbed onto a sulfur-modified gold electrode[END_REF]. No MB band is detected for this diluted solution when MB is deposited directly on a bare glass substrate. This indicates that both types of substrates are SERS-efficient. Then, the SERS detection capacity of MB on both substrate types has been The spectra were all identical, except for the decreasing of signal strength and signal-to-noise ratio when the concentration decreases. In Figure 3(c), the intensity of the 1625 cm -1 band is plotted against the MB concentration on both types of substrates. Note that the log-log representation is more appropriate because of the large difference between the signal levels from both substrates. The LOD for the electroless substrate is estimated near 10 -6 g/L. It is around 10 -2 g/L for the thermally evaporated one (Figure 3(d)), that is four orders of magnitude higher than for the electroless substrate. Note that the SERS signal from the electroless substrates is much higher than that from the thermally evaporated one.

It can be concluded that the electroless SERS substrate has a better SERS efficiency than the substrate made by evaporation.

In the literature, it is shown that the rougher the surface, the higher is the SERS performance. This higher SERS amplification is due to the increase of the surface area with roughness. On one hand, the electromagnetic wave is intensified on the rough edges [START_REF] Laor | The role of surface roughness in surface enhanced raman spectroscopy (SERS) the importance of multiple plasmon resonances[END_REF][START_REF] Pockrand | Surface-enhanced Raman scattering from evaporated Ag films : size of revelant roughness features and range of classical enhancement[END_REF][START_REF] Rodriguez-Fernandez | The effect of surface roughness on the plasmonic response of individual sub-micron gold sphere[END_REF]. In addition, large scale roughness (10-200 nm) promotes the molecule adsorption on the substrate, and hence promotes the EM SERS mechanism [START_REF] Brolo | Applications of surface enhanced Raman scattering to the study of metaladsorbate interactions[END_REF]. Moreover, when molecules are captured by, and adsorbed to plasmonic metal surfaces through chemical bonds, they can easily be excited by plasmons to generate SERS signals of their molecular fingerprints [START_REF] Tang | Review-Surface-enhanced raman scattering sensors for food[END_REF].

For all the concentrations studied here, no band shift was observed on the SERS spectra. In the literature, it has been reported that the molecular adsorption may be influenced by the concentration of solutions and could play a role on the Raman shift and on the intensities of the observed SERS peaks [START_REF] Xiao | Surface-enhanced Raman scattering of methylene blue absorbed on cap-shaped silver nanoparticles[END_REF][START_REF] Naujok | Fluorescence and fourier transform surface-enhanced Raman scattering measurements of methylene blue adsorbed onto a sulfur-modified gold electrode[END_REF][START_REF] Chen | Study on the chemisorption kinetics of methylene blue using SERS technique[END_REF]. We conclude that the adsorption of MB on both substrate types may not be influenced by the concentration over the whole range studied here. On both types of substrates, the intensity of the 1625 cm -1 band increases monotonously with increasing concentration. An apparent saturation (in the semilog graph) is observed at the higher concentrations, with a more important change of sensitivity around 10 -3 g/L on the electroless substrates and around 5.10 -2 g/L on the thermally evaporated substrates (Fig. 3(c)). In some cases, SERS bands intensity versus concentration laws can be established, such as linear, power or exponential laws, but usually on a very limited concentration range, typically less than few orders of magnitude [START_REF] Sackmann | Surface enhanced Raman scattering (SERS) a quantitative analytical tool?[END_REF]. Further, these laws are often used for engineering purposes rather than physical and chemical interpretation of the SERS mechanisms. There are limitations of these laws towards higher concentrations since deviations due to saturation or geometrical effects cannot be avoided and are highly dependent on experimental parameters. Proposing a law over such a large range of concentrations is out of the scope of our study because of the many possible mechanisms involved. Further investigations are needed to fully interpret our results on their whole.

However, the intensity curve of MB in Figure 3(c), is separated into two zones; this is much more visible on the electroless substrate. This behaviour change may be due to the influence of the MB molecular adsorption geometry, with adsorption parallel (resp. perpendicular) to the silver surface at low (resp. high) concentrations [START_REF] Zhong | Adsorption orientation of methylene blue (MB+) on the silver colloid: SERS and DFT studies[END_REF]. It is well documented that the adsorption of MB molecules at high concentration induces the growth of H-aggregates (through π-π interactions), which induces steric hindrance. Thus the MB aggregates are oriented not parallel to the surface, or even perpendicular to it [START_REF] Li | Intercalation of Methylene Blue in a High-Charge Calcium Montmorillonite -An Indication of Surface Charge Determination[END_REF].

Arsenic detection by SERS

The As(III) and As(V) detection efficiency was evaluated for both types of SERS substrates in terms of LOD. This study has been done for a wide range of concentrations between 10 -6 and 10 -1 g/L for each species. Few literature studies have been conducted over such a wide concentration range for the study of As(V) and As(III).

-As(III) detection

The SERS spectra of an As(III) solution (10 -1 g/L) recorded on both types of substrates are shown in Figures 4(a) and 4(b). They show that both are SERS-sensitive for As(III) detection. The characteristic peaks of As(III) are visible: the peaks in the range 730-770 cm -1 and 440 cm -1 are assigned to the symmetric As-O and As-OH stretching vibrations, respectively. The most intense peak near 750 cm -1 is used in the literature to plot As(III) SERS signal versus its concentrations [START_REF] Hao | SERS detection of arsenic in water: a review[END_REF].

The intensity of the peak from 730 or 770 cm -1 is plotted versus As(III) dilutions on Figure 4(c) for both substrate types. The As(III) detection threshold (LOD) is 10 -6 g/L using the electroless substrate, that is much lower than that measured with the thermally evaporated substrate (~5.10 -3 g/L). Hence, As(III) can be detected below the WHO limit (10 µg/L or 10 -5 g/L) using the electroless substrates. On the curve relating to the electroless substrate, figure 4(c), a change in behavior is observed around C=5.10 -4 g/L. There is no observable total saturation over the entire concentration range studied, even at high concentrations. In the insert of Figure 4(c), a rapid increase in the SERS signal is observed at very low concentrations, followed by a decrease in the slope from the concentration 10 -4 g/L and above. This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.

PLEASE CITE THIS ARTICLE AS DOI: 10.1063/5.0126372 -As(V) detection Figures 5(a) and 5(b) present SERS spectra of an As(V) solution (10 -1 g/L) recorded for both kinds of SERS substrates, respectively. In our experimental configuration, the signal with the thermally evaporated substrate produced only a noisy background (Fig. 5(b) and no plot of the signal vs concentration was possible. The characteristic peaks of As [START_REF] Morgan | Durango copes with 'orange nastiness' of toxic sludge river pollution[END_REF] are visible only in the case of the electroless substrate (figure 5(a)). The 830-cm -1 peak is assigned to the symmetric As-O stretching vibration while the other minor peak at 570 cm -1 is attributed to a superposition of stretching modes of As-OH [START_REF] Hao | SERS detection of arsenic in water: a review[END_REF][START_REF] Mulvihill | Surface-enhanced Raman spectroscopy for trace arsenic detection in contaminated water[END_REF]. Figure 5(c) shows the plot of the 830-cm -1 peak of As(V) intensity against concentration using the electroless substrate. The signal increases monotonously and no saturation is observed on the concentration range under study. The As(V) LOD is 10 -6 g/L, much below the WHO recommendation (10 - 5 g/L). The insert of figure 5c) shows a very fast growth of the signal at very low concentrations, followed by a levering of the slope around 10 -4 g/L. The behaviour is qualitatively similar to that of As(III) on the electroless substrate (insert of fig 4(c)).

It is interesting to compare the signal levels between As(III) and As(V) on the electroless substrate (Figures 4 and5). Though the experimental conditions were identical for both arsenic valencies, the signal observed for As(III) is more than one order of magnitude higher than that from As(V). This could be attributed to the better adsorptivity of As(III) than that of As(V) onto the substrate. Another hypothesis to explain this difference is the possible presence of oxide or sulphur on the surface of the substrate. Indeed, As(III) has a better affinity with sulphur deposited on silver surface [START_REF] Teixeira | Development of a biosorbent for arsenite: Structural modeling based on Xray spectroscopy[END_REF]. This would be an additional interpretation of the fact that As(III) for high concentrations have a stronger SERS signal than As(V). This would also agree with one of the hypotheses that explains the red shift of the plasmon resonance. This rapid increase in the SERS signal, from very low concentrations, for As(III) and As(V), shows the acute sensitivity of the electroless nanostructured silver substrate for the detection of this pollutant in its two ionic forms at the trace state. This sensitivity decreases with increasing concentration without saturation of the SERS signal being reached. This highlights the ability of the substrate to detect arsenic in the As(III) and As(V) forms in a wide range of concentrations. Finally, the change in behavior observed for the chemical species As(III) towards 5.10 -3 g/L shows that the results are very sensitive to the adsorptive properties of chemical species on the SERS surface. This change is tentitatively correlated to the pH of the solutions (see TABLE I). Indeed, the concentration of As(III) solutions as a function of pH in and the associated speciation diagram are shown in Figures 6(a) and 6(c), respectively [48; supplementary information]. It is seen that when the pH changes induce a modification of the ionic form of detected As(III). H3AsO3 is the main ionic form at C < 10 -3 g/L and pH < 9, whereas H2AsO3 -is the main one for C > 10 -3 g/L and pH > 9. The lack of behavioral change for the As(V) form is consistent with the existence of a single ionic form (H2AsO4 -) over all the concentration and pH ranges studied [START_REF] Han | Synthesis and characterization of mesoporous alumina and their performances for removing arsenic (V)[END_REF]. This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset. PLEASE CITE THIS ARTICLE AS DOI: 10.1063/5.0126372 [START_REF] Han | Synthesis and characterization of mesoporous alumina and their performances for removing arsenic (V)[END_REF]).

Our study applies to a very large range of concentrations, from 10 -1 to 10 -6 g/L (5 decades). Other observations in the literature apply to much more limited ranged of concentrations, For example, 0.18-180 ppb (3 decades) [START_REF] Mulvihill | Surface-enhanced Raman spectroscopy for trace arsenic detection in contaminated water[END_REF] or 1-13 mg/kg (in field soil), ~1.5 decade) 49]. Therefore, it is difficult to compare our results on such a larger concentration range, with already published report on the detection of arsenic using SERS. To be able to interpret the behavior of the signal according to the concentrations of As(III) and As(V) on the electroless substrates, it would be necessary to make an indepth study on, on the one hand, the fine structure of the silver layer. , and on the other hand chemical species present on the surface. This requires many multidisciplinary investigations, and their effect on the interactions between arsenic species and the pH-sensitive hydrophilic/hydrophobic character of the surface.

Conclusion

In this study, we have compared the sensitivity and the LOD of arsenite and arsenate over a very large range of concentrations (10 -6 -10 -1 g/L) on two types of SERS substrates. The substrates were made by an electroless method and by a thermal evaporation method, respectively. The electroless substrate has a granular nanostructure and a high roughness (21 nm) while the other has a more continuous layer structure and a lower roughness (3 nm): this difference has a great influence on the SERS response. On the thermally evaporated substrates, the As(III) LOD was ~ 5.10 -3 g/L (5 ppm) and no As(V) was detected. The electroless substrates have a lower LOD =10 -6 g/L (1 ppb) for both As(III) and As(V). This is an order of magnitude less than the WHO recommendation of total As content in drinkable water. To our knowledge, the lowest As(III) LOD for silver nanofilm was 10 -5 g/L (10 ppb). The adsorption efficiency of As(III) is an order of magnitude higher than that of As(V) on the electroless substrates. This ratio could be explained by the presence of parasitic compounds on the silver surface (oxides or sulphurs) of the electroless substrate. These surface species may also explain the redshift of the plasmon band. These hypotheses necessitate further investigations. This relationship on such a wide range of concentrations would potentially serve as a calibration over five orders of magnitude in arsenic concentration, to help developing a sensor for trace arsenic as well as for food industry (medium concentrations) and soils (acceptable threshold ~7.10 -3 g/kg (7 ppm) [START_REF] Jha | Agricultural soils of the Animas River watershed after the Gold King Mine spill: An elemental spatiotemporal analysis via portable X-ray fluorescence spectroscopy[END_REF], as well as production of medicine or materials containing arsenic (concentrations > 10 -3 g/L). Finally, although the electroless substrates were elaborated using basic and rather environmentally friendly chemicals, and laboratory equipements, it allowed a better detection of As than the physically deposited substrates. This would give a better potential to electroless technique for the demonstration and development of field sensors for the detection of Arsenic.

Figure 1 :

 1 Figure 1 : AFM images: (a) Electroless-deposited silver layer; (b) Thermally evaporated layer. The total field of view is 1.5 µm x 1.5 µm. The thickness is coded on a grey scale, from black (0 nm) to white (148 nm (a) and 60.1 nm (b), respectively).

Figure 2 :

 2 Figure 2 : Optical density spectra of the SERS substrates with (a) Electroless-deposited silver layer, (b) Thermally evaporated silver layer. 780 nm is the excitation wavelengthConversely, no resonance is observed from the substrate made by thermal evaporation (Figure2(b)). Instead of this, absorption increases monotonously throughout the visible range. This observation can be explained by several hypotheses. Since the measurements were carried out without an integrating sphere, the transmission spectrum obtained is in fact a reflectance spectrum[START_REF] Jobst | Optical properties of unprotected and protected sputtered silver films: Surface morphology vs. UV/VIS reflectance[END_REF]. For thicknesses of the order of 90 nm deposited by evaporation, the percolation threshold is exceeded, and the film is semi-continuous (Figure1 (b)). With this type of film, it is no longer possible to use optical absorption to measure the plasmonic response. According to Seal et al, in semi-continuous films obtained after the percolation threshold, there may be the coexistence of localized and delocalized plasmons. To demonstrate this coexistence, these authors used SNOM (Scanning Near-field Optical Microscopy)[START_REF] Seal | Coexistence of localized and delocalized surface plasmon modes in percolating metal films[END_REF]. These techniques are difficult to implement because it is necessary to have ordered structural substrates to be able to interpret the results[START_REF] Merlen | Imaging the optical near field in plasmonic nanostructures[END_REF]. Because localized plasmons are necessary to obtain a high SERS sensitivity, it is critical to obtain localized plasmons by manufacturing thin films[START_REF] Degioanni | Surfaceenhanced Raman scattering of amorphous silica gel adsorbed on gold substrates for optical fiber sensors[END_REF]. We have thermally evaporated a 5-nm thick Ag layer. On this we have observed an OD maximum at around 420 nm (result not shown here), attributed to LSPR. This value is in accordance with the literature for Ag nanostructures of circular shape[START_REF] Mock | Shape effects in plasmon resonance of individual colloidal silver nanoparticles[END_REF][START_REF] Smitha | Studies on surface plasmon resonance and photoluminescence of silver nanoparticles[END_REF]. However, this thin Ag coating peeled off when a droplet of As solution was deposited on it, due to surface tension and low adhesion power of Ag on glass. An adhesive undercoating would have overcome this, at the risk of generating parasitic Raman bands, that would have been difficult to discriminate from the signal from arsenic. That is why the thermalevaporated substrates with low silver thickness are not suitable for As detection by SERS. The study of possible effects of adhesive undercoating on SERS is out of the scope of this work. In the following, we report studies on the thicker evaporated substrates without adhesive undercoating.
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Figure 3 :

 3 Figure 3 : SERS spectra of MB (concentration 3.19x10-2 g/L) from (a) an electroless and (b) thermally evaporated substrates (spectra without baseline). (c) Peak intensity of the 1625-cm-1 peak versus MB dilutions for both substrate types, in lin-log scales.

Figure 4 :

 4 Figure 4 : SERS spectra of a 0.1 g/L solution of As(III) from (a) an electroless substrate and (b) a thermally evaporated substrate. (c) SERS intensity of the peak around 730-770cm-1 versus As(III) concentration for both substrate types. Data for the thermally evaporated substrate are multiplied by 20. Inset of (c): SERS intensity in linear-linear scales, for concentrations below 1 mg/L
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Figure 5 :

 5 Figure 5 : SERS spectra of a 0.1 g/L solution of As(V) with (a) an electroless substrate and (b) a thermally evaporated substrate. (c) SERS intensity of the 830-cm -1 peak versus As(V) concentration, in log scale, on the electroless substrate. Inset of (c): SERS intensity in linear-linear scales, for concentrations below 1 mg/L. The thermally evaporated substrate was not sensitive to As(V).

Figure 6 :

 6 Figure 6 : pH versus concentration for (a) As(III) and (b) As(V). Data are extracted from As speciation diagram for As(III) (c) and (d) As(V) (from Supplementary information, fig S8 of ref[START_REF] Han | Synthesis and characterization of mesoporous alumina and their performances for removing arsenic (V)[END_REF]).

  This is the author's peer reviewed, accepted manuscript. However, the online version of record will be different from this version once it has been copyedited and typeset.PLEASE CITE THIS ARTICLE AS DOI: 10.1063/5.0126372

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

TABLE I :

 I Concentrations and pH of the diluted As(III) and As(V) solutions in water, respectively. The As(III) solutions contain traces of NaOH, whereas the As(V) solutions contain traces of HNO3.

	As(III) solutions	As(V) solutions
	Concentration	pH	Concentration	pH
	(g/L)		(g/L)	
	10 -1	11.9	10 -1	1.4
	10 -2	10.9	10 -2	2.1
	10 -3	9.1	10 -3	3.0
	10 -4	6.1	10 -4	3.5
	10 -5	6.5	10 -5	4.0
	10 -6	5.7	10 -6	4.5
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