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Synthesis and characterization of antireflective Ag@AgCl nanocomposite thin films
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Silver chloride thin films were easily prepared for the first time by direct spraying of silver chloride (AgCl) solution with low molarity on glass substrates heated at 200 °C, 250 °C, 300 °C and 350 °C. The X-ray diffraction (XRD) data showed that the films have cubic symmetry and are subject to compressive and tensile strains. Transmission electron microscopy revealed the presence of Ag nanoparticles (NPs) of different sizes embedded in AgCl thin films. These nanoparticles were roughly spherical and well crystallized in the case of the film prepared at 350 °C. The Raman and X-ray photoelectron spectroscopy confirmed the XRD results. The UV-Visible-NIR spectroscopy indicated a low reflectance with antireflecting properties and high optical transmission superior to 80% at 350 °C. The obtained films have wide indirect band gap and exhibit localized surface plasmon resonance (LSPR) peak at 407 nm at deposition temperature of 350 °C due to the presence of Ag NPs.

Introduction

Silver halides (AgX, X=Cl, Br, I) are highly photosensitive semiconductors and widely used in various applications such as photographic materials [START_REF] Tomonaga | Photochromic coatings including silver halide microcrystals via sol gel process[END_REF][START_REF] Belloni | Photography: enhancing sensitivity by silver-halide crystal doping[END_REF], photocatalyst [START_REF] Shah | Self-supported Ag/AgCl nanoparticles incorporated polymeric multilayer films for reusable electrophotocatalyst[END_REF][START_REF] You | A Novel Method for Preparation of Silver Chloride Thin Films[END_REF][START_REF] Ge | Fabrication of Ag@AgCl with Enhanced Plasmonic Photocatalysis Performance via a Deep Eutectic Solvent[END_REF][START_REF] Lanz | Photocatalytic oxidation of water to O 2 on AgClcoated electrodes[END_REF][START_REF] Fan | Controllable synthesis of coloured Ag 0 /AgCl with spectral analysis for photocatalysis[END_REF], superionic conductor in the case of AgI [START_REF] Kawakita | Comparison of partial structures of melts of superionic AgI and CuI and non-superionic AgCl[END_REF], etc. Among the different silver halides, AgCl is thermally the most stable, it retains its structure up to the melting temperature 455 °C and decomposes only above 870 ° C, whereas AgBr decomposes at 700°C and AgI at 552 °C [START_REF] Erdey | Gravimetric Analysis: Part 2[END_REF][START_REF] Alexander | Physics and Chemistry of Photochromic Glasses[END_REF].

Silver chloride thin films are the most studied. In addition to the applications already mentioned, the material plays important role in diverse areas of materials science. It is used in cell windows for infrared spectroscopy thanks to its high transmittance in the infrared region between 2.5 and 20 µm [START_REF] Richling | Scratching the Surface -An Introduction to Photonics -Part 1 Optics, Thin films[END_REF]. It is also used in the medical domain as an antibacterial agent [START_REF] Trinh | Preparation and characterization of silver chloride nanoparticles as an antibacterial agent[END_REF][START_REF] Dong | Antibacterial and surface-enhanced Raman scattering (SERS) activities of AgCl cubes synthesized by pulsed laser ablation in liquid[END_REF][START_REF] Patil | Doxycycline hyclate mediated silver-silver chloride nanoparticles and their antibacterial activity[END_REF] or as a sensor [START_REF] Pargar | Microstructure, surface chemistry and electrochemical response of Ag|AgCl sensors in alkaline media[END_REF].

According to the literature, bulk AgCl possesses wide indirect band gap of around 3.3 eV [START_REF] Hodes | Chemical solution deposition of silver halide films[END_REF][START_REF] Zhang | Photocatalysis: Fundamentals, Materials and Applications[END_REF] and produces silver nanoparticles upon exposure to light, i.e. the Ag + ions on the surface of AgCl are easily reduced to Ag 0 . The metallic silver formed on AgCl induces increasing of absorption of light in the visible region due to the localized surface plasmon resonance (LSPR) effect [START_REF] Zhang | Photocatalysis: Fundamentals, Materials and Applications[END_REF].

AgCl nano or microstructures have been fabricated by several methods such as laser ablation in liquid [START_REF] Dong | Antibacterial and surface-enhanced Raman scattering (SERS) activities of AgCl cubes synthesized by pulsed laser ablation in liquid[END_REF], precipitation reaction between silver nitrate and sodium chloride [START_REF] You | A Novel Method for Preparation of Silver Chloride Thin Films[END_REF][START_REF] Trinh | Preparation and characterization of silver chloride nanoparticles as an antibacterial agent[END_REF], chemical solution deposition [START_REF] Hodes | Chemical solution deposition of silver halide films[END_REF], sol gel method [START_REF] Tomonaga | Photochromic coatings including silver halide microcrystals via sol gel process[END_REF], successive ionic layer adsorption and reaction (SILAR) technique [START_REF] Henry | A new approach for deposition of silver film from AgCl through successive ionic layer adsorption and reaction technique[END_REF], and thermal evaporation [START_REF] Georgieva | Microstructure and related properties of obliquely deposited AgCl thin films[END_REF]. To the best of our knowledge, spray pyrolysis technique has not yet been used to fabricate AgCl.

The present study is focused on the structural and optical properties of silver chloride thin films prepared for the first time by spray pyrolysis technique.

Experimental setup

The thin films were deposited on glass substrates by direct spraying low molarity (8 mM) of silver chloride (AgCl) dissolved in bidistilled water. Different substrate temperatures (Ts) varying from 200 to 350 °C were applied. Compressed air of pressure 6 N cm -2 was used as carrier gas. The solution flow was fixed at 5 cm 3 min -1 and spray nozzle to heating plate distance was 30 cm. The as-deposited samples were of grey color for low temperature and became yellow/brown at 350 °C.

The structural characterization has been carried out at room temperature in the θ/2θ scan mode using an Ultima IV diffractometer (CuK 1 radiation, λ=1.54056 Å). Transmission electron microscopy (TEM) measurements have been conducted on the TEM FEI TITAN Themis 300, equipped with a Super-X quad energy dispersive spectroscopy (EDS) detector for elemental analysis. The film was scratched and dropped in the form of alcohol suspension on carbon supported copper grids followed by evaporation under ambient condition.

Raman spectroscopy measurements were performed at room temperature in a backscattering microconfiguration using an NIR laser (at 784 nm) focused on the surface as a spot of 1 µm in diameter and with a power of ∼40 mW. The scattered light was analyzed with a Horiba HR800 Raman spectrometer.

X-ray photoelectron spectroscopy (XPS) spectra were measured on oval zone of 700300 µm 2 on each sample, using a Kratos AXIS Ultra DLD spectrometer equipped with a monochromatic Al K  X-ray source (h = 1486.6 eV). The base pressure was 510 -10 Torr in the analysis chamber. Survey spectra were collected at analyzer pass energy of 160 eV and core level spectra at pass energy 20 eV. All binding energies (BE) were corrected considering the charge shift observed for the C-C/C-H type bonds on C 1s spectra centered at 284.8 eV.

Optical measurements of the transmittance and reflectance were carried out in the wavelength range (200 -2500 nm) using an UV-Visible-NIR JASCO type V-570 double beam spectrophotometer.

Results and discussion

Variation of film thickness

The values of the thickness (t) are estimated by the weighing method [START_REF] Heavens | Optical Properties of Thin Solid Films[END_REF]:

S m t m     (1)
with Δm = m 2 -m 1 ; m 1 is the mass of the substrate without deposited film and m 2 is mass of the sample after deposition (film + substrate). ρ m is the density of bulk AgCl (ρ m = 5.567g cm 3 ) [START_REF]Handbook of Chemistry and Physics[END_REF], and S is the area of the deposited film.

The estimated thickness values are 335 nm, 425 nm, 386 nm and 129 nm for substrate temperatures of 200 °C, 250°C, 300 °C and 350°C, respectively. This variation of thickness can be attributed to modulation of deposition rate. The initial increase in film thickness with substrate temperature can be explained by the increase in deposition rate probably due to an increase in the size of the critical nuclei [START_REF] Ohring | The materials sciences of thin films[END_REF]. The maximum value of 425 nm may be due to an optimum growth rate. The decrease in film thickness above 250 °C can be related to nucleation barrier [START_REF] Ohring | The materials sciences of thin films[END_REF] and re-evaporation of species after deposition. Similar results were reported by other authors for thin films prepared by Spray pyrolysis technique [START_REF] Bhosale | Studies on K-Sb-S films deposited at different substrate temperatures and their photoelectrochemicai behavior[END_REF][START_REF] Tarwal | Photoluminescence and photoelectrochemical properties of nanocrystalline ZnO thin films synthesized by spray pyrolysis technique[END_REF][START_REF] Vutukuri | Thickness Dependent Room Temperature Sensing Properties of Spray Pyrolysis Deposited Nanostructured ZnO Thin Films[END_REF]. The quantitative information concerning the crystallite orientation can be obtained by estimating the texture coefficient T C(hkl) defined as [START_REF] Barret | Structure of Metals[END_REF]:

XRD Characterization
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where I (hkl) are the XRD intensities obtained from the films and n the number of diffraction peaks considered; here six peaks are used (see Fig. 1 at Ts = 300°C). I r(hkl) are the intensities of the XRD reference (ICCD cards N°:31-1238). The variation of texture coefficient with substrate temperature is shown in Table 1. We notice that the preferential orientation (h00) remains dominant. Indeed, the high values of T C(200) and T C ( 400 ) indicate clearly an abundance of grains which grow in the direction perpendicular to the (h00) plane.

Fig. 2 shows a shift in 2 position of all peaks, firstly towards the higher values of 2 when Ts reaches 250 ° C and then towards the lower values for Ts higher than 250°C. This result can be explained by a change in the lattice parameter due to uniform macro-strain occurring from residual compression or tension.

The lattice parameter for cubic phase AgCl is related to inter-reticular distance d hkl by the relation:

2 2 2 l k h a d hkl    (3)
The grains size G in the direction defined by the normal to the diffracting planes, is estimated using Scherrer formula:

     cos k G  (4)
where k is the shape factor with value in the neighborhood of 1, β is defined as the full width at half maximum FWHM of most intense diffraction peak, λ is the Cu-K 1 wavelength (1.54056 Å) and θ is the Bragg angle. The calculated value corresponds only to small crystallites [START_REF] Klug | X-ray diffraction procedures for polycrystalline and amorphous materials[END_REF].

In Table 2, G values are reported at different substrate temperatures. We note that the size calculated here corresponds only to grains which grow in the most important direction defined by the normal to (200) planes. To take into account grains which grew in all the directions we used the modified Scherrer equation [START_REF] Monshi | Modified Scherrer Equation to Estimate More Accurately Nano-Crystallite Size Using XRD[END_REF] deduced from the basic Scherrer formula as:
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The plot of ln as a function of ln(1/cos()) for different Ts is shown in Fig . 3, G values can be obtained by the exponential of the intercept at y-axis. Besides, the broadening due to crystalline imperfections can be separated into two parts according to the Williamson-Hall (WH) method [START_REF] Williamson | X-ray line broadening from filed aluminium and wolfram[END_REF][START_REF] Guinebretière | X-ray Diffraction by Polycrystalline Materials[END_REF][START_REF] Sivakami | Estimation of lattice strain in nanocrystalline RuO 2 by Williamson-Hall and size-strain plot methods[END_REF]:

     sin cos 4   G k (6)
According to this method, crystallite size G and microstrain  contribute in the line broadening simultaneously; βcosθ is plotted with respect to 4sinθ for all the peaks as function of substrate temperature. Strain and particle size are calculated from the slope and y-intercept of the fitted line respectively. The result of WH analysis is shown in Fig. 4.a-d A negative (or positive) slope in the plot indicates, respectively, the presence of compressive (or tensile) strain in the material [START_REF] Williamson | X-ray line broadening from filed aluminium and wolfram[END_REF][START_REF] Guinebretière | X-ray Diffraction by Polycrystalline Materials[END_REF]. At 200°C and 300°C, the slope of the line is almost horizontal; it means that the films contain a small amount of microstrains. At 250°C, all points are lined up on the line, which means that the effects that cause peaks widening are isotropic. In contrast, for 300 °C and 350 °C the y-intercept of the line obtained for (200) plane is higher than for (hkl) and (hk0) planes, this situation can be explained by the anisotropic nature of microstrain tensor [START_REF] Guinebretière | X-ray Diffraction by Polycrystalline Materials[END_REF].

The grain size G calculated by the three methods and strain values are shown in Table 2 

Transmission electron microscopy (TEM) analysis

The TEM and high-angle annular dark-field (HAADF) images as well as EDS mapping were performed on each sample (Fig. 5678). Generally speaking, in the HAADF-Scanning TEM (HAADF-STEM) images, the contrast is proportional to the square of the atomic number (Z), which allows considering these images as a projection of the structure with the heavy atoms brighter. Because of the preparation method i.e. scratching of the film, it is not technically possible to separate the film from the substrate, which is merely composed of Si and Na elements. For the film prepared at 350 °C, EDS quantification (Fig. The size distribution histograms of the Ag NPs for different substrate temperatures are presented in Fig . 9. The statistical values of average diameter have been obtained from counting 39, 93, 56 and 94 NPs, respectively. The histograms (Fig. 9.a-c) show a wide distribution of diameter values with few particles having diameter higher than 100 nm, particularly in the case of thin films prepared at 300 °C (Fig. 9.c). Homogeneous and narrow distribution of Ag NPs is clearly observed for Ts = 350 °C (Fig. 9.d). The TEM micrographs revealed a quasi-spherical shape of Ag NPs (Fig. 8.b) with average diameter AD  30 nm (Fig. 9 when Ts = 350 °C).

Raman micro-spectroscopy

AgCl is a face-centered cubic (fcc) crystal with a rock-salt structure ( 5h O , Fm3m) in which each Ag + is surrounded by an octahedron of six chloride ligands [START_REF] Zhang | Photocatalysis: Fundamentals, Materials and Applications[END_REF]. To further investigate the AgCl structure, Raman spectroscopy was used. Fig. 10 shows the Raman spectra of AgCl thin films for different substrate temperatures. The band observed around 242 cm -1 for all the spectra is related to the stretching vibration of the bridging Ag-Cl [START_REF] Martina | Micro-Raman characterisation of silver corrosion products: instrumental set up and reference database[END_REF][START_REF] Huynh | Fabrication of thin film Ag/AgCl reference electrode by electron beam evaporation method for potential measurements[END_REF] and the shoulder around 152 cm -1 corresponds to Ag lattice vibrational modes [START_REF] Martina | Micro-Raman characterisation of silver corrosion products: instrumental set up and reference database[END_REF][START_REF] Huynh | Fabrication of thin film Ag/AgCl reference electrode by electron beam evaporation method for potential measurements[END_REF].

The band observed at 242 cm -1 becomes less intense when the substrate temperature increases from 200 ° C to 300 ° C (see Fig. 10.a insetplot) and its value is shifted towards the high frequencies. When Ts reaches 350 ° C, the intensity of the band increased considerably and its position shifted towards the low frequencies. This result is in perfect agreement with the XRD analysis. Indeed, Raman mode broadening implies the reduction of crystalline size and their blue shift or red shift implies compressive or tensile strain, respectively. Similar conclusions were reported in literature [START_REF] Rajender | Strain induced phase formation, microstructural evolution and bandgap narrowing in strained TiO2 nanocrystals grown by ball milling[END_REF].

XPS characterization

Information about elemental composition, chemical state and Ag 0 content in the near-surface region of thin films can be deduced from X-ray photoelectron spectroscopy. Fig . 11 (a-d) presents the Ag 3d, Cl 2p and O 1s high resolution core level XPS spectra as well as Ag MNN Auger structure. Ag 3d photoelectron regions for Ts = 200 °C to Ts = 350 °C samples are doublets with energy separation of 6.0 eV. They can be fitted with symmetrical Gaussian-Lorentzian profiles with 30% Lorentzian with low FWHM (below 1eV). The positions of the Ag 3d 5/2 components and FWHM are presented in Table 3. To distinguish the reduced form Ag 0 from the oxidized forms, Auger Parameter (AP) is usually considered to be more reliable than absolute Ag 3d BE. APs were determined from the experimental binding energy of 3d 5/2 component maximum and the kinetic energy of the two most intense peaks existing in the Auger electron structure, assigned to Ag M 5 N 45 N 45 and Ag M 4 N 45 N 45 Auger electrons. APs are presented in Table 3. For all samples, the values of APs are consistent with the presence of silver in its Ag(I) oxidation state [START_REF] Pargar | Microstructure, surface chemistry and electrochemical response of Ag|AgCl sensors in alkaline media[END_REF]. The presence of metallic silver was not confirmed by XPS; the APs values of metallic silver are indeed about 2.6 eV higher [START_REF] Ferraria | X-Ray photoelectron spectroscopy: Silver salts revisited[END_REF], which means that only AgCl exists on the surface of films.

For Ts = 200 °C, the two characteristic peaks of Ag 3d observed at 367.4 eV and 373.4 eV with splitting energy () of 6.0 eV, correspond to Ag 3d 5/2 and Ag 3d 3/2 of Ag + in AgCl [START_REF] Ge | Fabrication of Ag@AgCl with Enhanced Plasmonic Photocatalysis Performance via a Deep Eutectic Solvent[END_REF][START_REF] Fan | Controllable synthesis of coloured Ag 0 /AgCl with spectral analysis for photocatalysis[END_REF][START_REF] Pargar | Microstructure, surface chemistry and electrochemical response of Ag|AgCl sensors in alkaline media[END_REF][START_REF] Xu | Facile synthesis of small Ag@AgCl nanoparticles via a vapor diffusion strategy and their highly efficient visible-light-driven photocatalytic performance[END_REF][START_REF] An | Strongly visible-light responsive plasmonic shaped AgX:Ag (X = Cl, Br) nanoparticles for reduction of CO 2 to methanol[END_REF][START_REF] Prissanaroon-Ouajai | Simple Solid-state Ag/AgCl Reference Electrode and Its Integration with Conducting Polypyrrole Electrode for the Production of All-solid-state pH Sensor[END_REF]. The Cl 2p spectrum can be divided into two doublets peak with Cl 2P 3/2 BE of 197.8 and 198.8 eV. The first doublet corresponds to Cl -in AgCl [START_REF] Ge | Fabrication of Ag@AgCl with Enhanced Plasmonic Photocatalysis Performance via a Deep Eutectic Solvent[END_REF][START_REF] Ferraria | X-Ray photoelectron spectroscopy: Silver salts revisited[END_REF][START_REF] An | Strongly visible-light responsive plasmonic shaped AgX:Ag (X = Cl, Br) nanoparticles for reduction of CO 2 to methanol[END_REF] and the second, shifted to higher binding energy (1 eV) can be attributed to  2 Cl of  2 AgCl species [START_REF] Strydom | An XPS investigation of silver chloride coated ion-selective electrodes[END_REF]. XPS results do not show the presence of neutral chlorine species Cl 0 , according to Sharma et al. [START_REF] Sharma | XPS Studies of the photodecomposition of AgCl[END_REF], Cl 2p doublet assigned to Cl 0 appears at approximately 2.6 eV higher.

The O 1s spectrum shows broad (FWHM = 1.8 eV) asymmetric peak and can be decomposed into three contributions, with the most intense one located at 532.1 eV and assigned to Ag-C-H-O species and/or OH - [START_REF] Pargar | Microstructure, surface chemistry and electrochemical response of Ag|AgCl sensors in alkaline media[END_REF][START_REF] Prissanaroon-Ouajai | Simple Solid-state Ag/AgCl Reference Electrode and Its Integration with Conducting Polypyrrole Electrode for the Production of All-solid-state pH Sensor[END_REF][START_REF] Morales | Synthesis, characterization, and electrochemical properties of nanocrystalline silver thin films obtained by spray pyrolysis[END_REF]. The shadow peak at 530.6 eV indicates a small amount of subsurface dissolved oxygen with a covalent bonding character [START_REF] Hoflund | Surface characterization study of Ag, AgO and Ag2O using Xray photoelectron spectroscopy and electron energy-loss spectroscopy[END_REF][START_REF] Boronin | XPS and UPS study of oxygen states on silver[END_REF][START_REF]Characterization of thin films produced by the thermal evaporation of silver oxide[END_REF], finally the wide shoulder of the O 1s peak near 534 eV corresponds to adsorbed H 2 O [START_REF] Pargar | Microstructure, surface chemistry and electrochemical response of Ag|AgCl sensors in alkaline media[END_REF].

When Ts increases until 300 °C, a shift of Ag 3d peaks toward higher values of binding energy is observed. At Ts = 350 °C, no change in the Ag 3d peaks positions is observed. The positive BE shift can be related to compressive strain. Indeed, B. Richter et al. [START_REF] Richter | Cluster Core-Level Binding-Energy Shifts: The Role of Lattice Strain[END_REF] explained that lattice strain changes the chemical bonding between metal atoms and this change induces BE shifts.

The presence of impurities as AgO and/or Ag 2 O on the surface is not justified because the O 1s spectra do not show peaks for the lower binding energies. Indeed according to the literature, silver oxide polymorphs are characterized by ionic Ag-O bond with BE(O 1s) lower than 530.4eV [START_REF] Morales | Synthesis, characterization, and electrochemical properties of nanocrystalline silver thin films obtained by spray pyrolysis[END_REF][START_REF] Hoflund | Surface characterization study of Ag, AgO and Ag2O using Xray photoelectron spectroscopy and electron energy-loss spectroscopy[END_REF][START_REF] Boronin | XPS and UPS study of oxygen states on silver[END_REF][START_REF]Characterization of thin films produced by the thermal evaporation of silver oxide[END_REF]. All the XPS data extracted from the spectra in Fig. 11 (a-d) and compared to those of literature are summarized in Table 3.

Optical properties

The optical properties of AgCl thin films have also been studied in this work, Fig. 12 represents their transmittance T and reflectance R spectra at different Ts values. The transmittance of AgCl films in near infrared range increased to reach ~ 85% for the films prepared at 200°C, 250°C and 350°C, however the film prepared at 300°C presents a transmittance inferior to 60%, this variation in T cannot depend only on the film thickness but also it is strongly dependent on the cristallinity and composition.

The AgCl films exhibit a low reflectance inferior to 10% for 350°C and 5% for the other temperatures. In order to evaluate the performance of AgCl as an antireflecting (AR) layer for silicon solar cell, thin films of this material are spray pyrolysed on the polished side of Si (100) samples. The experimental conditions (substrate temperature, molarity and time of deposition) have been optimized to guarantee the formation of AgCl as confirmed by XRD pattern (see Fig. 13.a, insetplot). Fig. 13 shows the measured reflectance of Si(100) substrate with and without AR layer.

A significant decrease in the measured reflectance is obtained. The efficiency of the AR samples was evaluated by calculating the effective solar reflectivity R eff using the expression [START_REF] Feng | An effective reflectance method for designing broadband antireflection films coupled with solar cells[END_REF]: [START_REF] Fan | Controllable synthesis of coloured Ag 0 /AgCl with spectral analysis for photocatalysis[END_REF] where R (λ) is the measured reflectivity and I AM1.5G is the photon flux density of the AM1.5G solar spectrum. R eff resulted in ~43 % for Si bare substrate and 21 % in the case of Si with AgCl film. As can be seen, a noticeable decrease of 22 % in the effective solar reflectivity is achieved by using AgCl as AR layer.
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The absorptance A in the films is connected with R and T by the relation: A broad band at around 550 nm is observed at Ts = 200 °C, this band is blue shifted and its width decreased when Ts increased. At 350°C, a relatively narrow absorption peak centered at 407 nm appeared; this peak is attributed to localized surface plasmon resonance (LSPR).

T R A    1 (8)
The LSPR is a particular form of Surface Plasmon Resonance (SPR), it is a non propagating collective oscillation of electrons occurring at the nanoparticle-dielectric interface. Here, the metallic NPs should have a sub-wavelength size (i.e. R << λ). In the case of SPR, the propagating resonance occurs on the surface of a thin metal film or at the interface of a metaldielectric structure [START_REF] Jatschka | Propagating and localized surface plasmon resonance sensing-A critical comparison based on measurements and theory[END_REF][START_REF] Pilot | Surface plasmon resonance in gold nanoparticles: a review[END_REF].

The XPS measurements did not reveal the presence of metallic Ag on the surface of AgCl films, however spherical Ag particles are formed in the bulk due to thermal decomposition of AgCl, and this was demonstrated by the TEM images (Fig . 8).

The average diameter and size distribution of Ag NPs (Fig . 9) correlate with the position and width of the LSPR peak (Fig. 14a). Indeed, it has been shown that the position and width of LSPR peak depend on the size, concentration, particle shape and dielectric function of the medium [5, 14, 37, 49 -51].

The concept of effective dielectric function is often used to study the optical properties of a host dielectric material with embedded metallic inclusions (or nanoparticles). The Maxwell-Garnett (MG) model modified by M. A. Garcia et al. [START_REF] Garcia | A simple model for evaluating the optical absorption spectrum from small Au-colloids in sol-gel films[END_REF] takes into account the geometrical and distribution homogeneity effects. It is restricted to small clusters (~6 to 50 nm diameter size) at low concentration.

The formula used to obtain the Ag-NP dielectric function from bulk Ag was given by Hövel et al. [START_REF] Bommali | Angle dependent localized surface plasmon resonance from near surface implanted silver nanoparticles in SiO 2 thin film[END_REF][START_REF] Hovel | Width of cluster plasmon resonances: Bulk dielectric functions and chemical interface damping[END_REF]:
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is the bulk silver collision frequency, v F = 1.4  10 6 m/s is the Fermi velocity for silver, L is the electron mean free path for silver taken as 57 nm, R is the NP radius and A is the NP size parameter taken as 1,  p is the bulk plasmon angular frequency equal to 1.410 16 rad/s and  is the angular frequency of the incident light. Ag
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is the complex dielectric function of silver. f is the filling factor and represents the volume fraction of embedded Ag NP S , the parameter  depends on the particle geometry and takes a value of (1/3) for spherical NPs. The parameter g represents the interaction of NPs and is defined by the relation:

m m K g   4 3 1   ( 20 
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where K is the dipolar interaction parameter. When K ~ 0, it indicates that the dipolar interaction is negligible and the electric field at all particle positions is similar, this case corresponds to particles separated by a wide distance or when the NPs are spatially distributed forming cubic network [START_REF] Garcia | A simple model for evaluating the optical absorption spectrum from small Au-colloids in sol-gel films[END_REF]. A negative value of K occurs when the electric field at the nanoparticle due to adjacent nanoparticles is in opposite sense to the external field, whereas a positive value of K occurs when the dipole interaction reinforces the external applied field.

Theoretical studies based on this model have shown that absorption band strongly depends on the shape of the particle and that the strength of the absorption peak decrease and its position shifts toward lower wavelength as  increases due to deviations from a spherical shape ( = 1/3) [START_REF] Garcia | A simple model for evaluating the optical absorption spectrum from small Au-colloids in sol-gel films[END_REF].

For large variation of K from -100 to 100, the peak becomes less intense and shifts toward higher wavelength, the effect becomes negligible for small variations of K,

The filling factor f also reflects the concentration of NPs and its effect on the peak intensity and its position is similar to that caused by the parameter K.

In order to check the parameters responsible to LSPR peak observed for the AgCl film prepared at 350 °C, we have simulated the absorption coefficient () as function of the parameters , f and K.

The theoretical absorption spectrum can be calculated as a function of  ef1 and  ef1 (eqs.14 and 15) using the following expression:
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The refractive indices n Ag , n AgCl and extinction coefficient k Ag are given in the literature [START_REF] Werner | Optical constants and inelastic electron-scattering data for 17 elemental metals[END_REF][START_REF] Tilton | Refractive index of silver chloride for visible and infra-red radiant energy[END_REF].

The experimental absorption spectrum α can be determinated as function of transmittance T and reflectance R by the relation:

        T R t 1 ln 1  (22) 
where t = 129 nm is the film thickness. Fig. 14b shows the absorption coefficient simulated for the region 300-900 nm. A good fit between theory and experiment is obtained for  = 0.336, f = 0.17 and K = -48. We can conclude that the strong absorption peak at 407 nm results from a low average size (R ~ 15 nm), a quasi-spherical shape, and a low NP concentration of 17%. All these results are in perfect agreement with the TEM analysis.

The optical indirect band gap E g of AgCl thin films prepared at different substrate temperatures can be calculated using Tauc formula:

    g n E h A h      2 1 / (23)
with A n is a probability parameter of the transition and α the absorption coefficient. For more precision in the determination of E g , we presented in Fig. 15 the variation of (t × h) 1/2 . The tail of the absorption edge is exponential, indicating the presence of localized states in the energy band gap. The amount of tailing can be predicted to a first approximation by plotting the absorption edge data in terms of an equation originally given by Urbach [57].

The absorption edge gives a measure of the energy band gap and the exponential dependence of the absorption coefficient on photon energy h takes the following form:

u E h e      0 (11)
where E u is Urbach energy. The Urbach energy represents the degree of disorder, and is often interpreted as the width of the tail of localized states in the band gap. The values of E u are determined from the reciprocal of the slope of the relation between ln(α) and hv.

We have reported the variation of the optical gap E g together with the band tail width E u as a function of substrate temperature Ts in Fig. 16. The value of the optical band gap inversely varies with the Urbach energy. The Eg values are close to those of the literature for AgCl thin films [START_REF] De Boer | Conduction Band of the Photographic Compound AgCl[END_REF][START_REF] Li | Silver chlorobromide nanoparticles with highly pure phases: synthesis and characterization[END_REF][START_REF] Abeyweera | Ternary Silver Halide Nanocrystals[END_REF] and the small red or blue shift of the gap energy value can be attributed to strain variation. It has been shown by P. Xiao et al. [START_REF] Xiao | Band gap engineering of FeS 2 under biaxial strain:a first principles study[END_REF] that an increase in the compression deformation induces a red shift of Eg, whereas a blue shift would be observed under an increasing tensile strain.

The obtained wide band gap (3.63 eV -3.71 eV) indicates that AgCl absorbs only UV light.

In addition, Ag nanoparticles display strong absorption in the visible region due to localized surface plasmon resonance effect. This phenomenon is very suitable in plasmonic applications such as photocatalysts [START_REF] Ge | Fabrication of Ag@AgCl with Enhanced Plasmonic Photocatalysis Performance via a Deep Eutectic Solvent[END_REF][START_REF] Ferraria | X-Ray photoelectron spectroscopy: Silver salts revisited[END_REF][START_REF] An | Strongly visible-light responsive plasmonic shaped AgX:Ag (X = Cl, Br) nanoparticles for reduction of CO 2 to methanol[END_REF][START_REF] Wu | controlling the Spontaneous Precipitation of Silver Nanoparticles in Sol-Gel Materials[END_REF][START_REF] Garcia | A simple model for evaluating the optical absorption spectrum from small Au-colloids in sol-gel films[END_REF], LSPR sensors [START_REF] Pargar | Microstructure, surface chemistry and electrochemical response of Ag|AgCl sensors in alkaline media[END_REF][START_REF] Prissanaroon-Ouajai | Simple Solid-state Ag/AgCl Reference Electrode and Its Integration with Conducting Polypyrrole Electrode for the Production of All-solid-state pH Sensor[END_REF] and recently in enhancement of solar cell efficiency [START_REF] Luo | Surface Plasmon Resonance enhanced highly efficient planar silicon solar cell[END_REF].

Conclusion

Silver chloride AgCl thin films were easily deposited on glass substrates by spray pyrolysis technique in different conditions of substrate temperatures Ts. The XRD characterization showed that stable AgCl phases were obtained with (h00) preferential orientation and the as- 
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  -ray diffraction patterns of silver chloride films prepared at different substrate temperatures are illustrated in Fig. 1. The patterns obtained exhibit good quality with strong intensity which indicates clearly a good crystallinity of the films prepared. The indices (hkl) of all patterns are attributed according to ICCD card (n°: 31-1238) corresponding to AgCl cubic phase. The Xray patterns show the presence of many peaks which indicate the polycrystalline nature of the thin films. At 200°C, two most intense peaks (200) and (400) are observed at 32.14° and 67.33°, respectively, and correspond to AgCl with notable preferential orientation caused by the low interfacial and surface energies of grains in [h00] direction. A broad peak appears at ~ 44,2° and correspond to Ag (200) according to ICDD card (n° 04-0783), this peak disappears when Ts increases, probably due to the fact that the amount or the size of Ag particles produced in AgCl films become too low to be detected by XRD. When Ts increases, other peaks with relatively low intensities (19% as maximum value for (111) plane at Ts = 300°C) appear and are attributed always to cubic AgCl.

  . The three methods gave close crystallite size values because of the preferential orientation of the grains. The change in G values as function of Ts is associated with compressive microdeformation for low substrate temperature which can be due to the formation of Ag metallic phase in AgCl thin films. As a result, AgCl undergoes compressive strain because of the difference in lattice parameters a AgCl = 5.549 Å (ICDD card n° 31-1238) and a Ag = 4.086 Å (ICDD card n° 04-0783). The observed tensile micro-deformation when Ts reaches 350°C indicates an improvement in the crystalline quality of the deposited films and a possible formation of new particles of AgCl through the reaction of Ag atoms with Cl radicals. The grains size of Ag particles can be estimated from (200) line by Scherrer formula (eq.4), the calculated values correspond to the broad peak around 44.3 ° observed only for 200 °C and 250 °C (see Fig. 1, insetplot). The grain size decreased from 41 nm to 26 nm when Ts increased.

  8.c 4 ) yields a very high average Ag/Cl ratio with almost 99% of Ag. In contrast, a careful examination in Ag less concentrated area (Fig. 6.a 3 and Fig. 8.a 3 ) shows the presence of AgCl (or Ag 53 Cl 47 ) between the Ag particles. Note that except in the very thin part (Fig. 8.c) the Ag particles cannot be separated from the Cl signal that comes below. The Ag particles are quasi-spherical and well crystallized (Fig 8.b).

Fig. 14a represents

  Fig. 14a represents the UV-Visible-NIR absorptance of the AgCl films for different Ts values.

  The effective dielectric function ef  ~ of the ensemble formed by Ag NPs immersed into the dielectric matrix is obtained from the formulae of Garcia et al[START_REF] Garcia | A simple model for evaluating the optical absorption spectrum from small Au-colloids in sol-gel films[END_REF]:  ef1 ,  ef2 are, respectively the real and imaginary parts of ef  ~. The parameters A, B, C and D are defined as follows:
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absorption at 407 nm due to localized surface plasmon resonance of embedded Ag nanoparticles.