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Functionalized gold nanoparticles and nanoplatelets synthesized using plant extract and their potential for surface-enhanced Raman spectroscopy

Introduction

Metallic nanoparticles (NPs) have been used in multiple research fields related to medicine or biology, owing to their remarkable optical and physicochemical properties. In particular, they are of prime interest for plasmonic applications [START_REF] El-Sayed | Some Interesting Properties of Metals Confined in Time and Nanometer Space of Different Shapes[END_REF]. Plasmons are quanta of coherent collective oscillations of free electrons. When a NP is irradiated by light with a wavelength larger than its size, the electric field causes the collective oscillation of its electron cloud. When the light frequency matches the natural frequency of oscillation of the electrons, the confinement of the plasmon at the size of a NP results in a localized surface plasmon resonance (LSPR) that generates a strong and localized enhancement of the electromagnetic field at the vicinity of the NP, and leads to a modification of the optical properties of the metallic NPs [START_REF] Ritchie | Surface plasmons in solids[END_REF]. Even if gold is slightly less performant than silver in plasmonics, it is more commonly used in biology thanks to its greater biocompatibility and chemical stability [START_REF] Shukla | Biocompatibility of Gold Nanoparticles and Their Endocytotic Fate Inside the Cellular Compartment: A Microscopic Overview[END_REF]. Thus, it has been used in photothermal therapy [START_REF] Shibu | Small Gold Nanorods with Tunable Absorption for Photothermal Microscopy in Cells[END_REF], as a biological sensor [START_REF] Saha | Gold Nanoparticles in Chemical and Biological Sensing[END_REF], in drug delivery [START_REF] Farooq | Gold Nanoparticles-enabled Efficient Dual Delivery of Anticancer Therapeutics to HeLa Cells[END_REF], [START_REF] Dreaden | Size matters: gold nanoparticles in targeted cancer drug delivery[END_REF], or as an efficient SERS (Surface-Enhanced Raman Spectroscopy) substrate [START_REF] Xu | Mesoporous silica supported orderly-spaced gold nanoparticles SERS-based sensor for pesticides detection in food[END_REF], [START_REF] Huang | Nanocomposites of size-controlled gold nanoparticles and graphene oxide: Formation and applications in SERS and catalysis[END_REF], [START_REF] Indrasekara | Gold nanostar substrates for SERS-based chemical sensing in the femtomolar regime[END_REF]. Anisotropic NPs are of particular interest, due to their tunable optical properties, directly related to their shape [START_REF] Orendorff | Shape-Dependent Plasmon-Resonant Gold Nanoparticles[END_REF]. Therefore, several works have been carried out on nanorods [START_REF] Liu | Self-Alignment of Plasmonic Gold Nanorods in Reconfigurable Anisotropic Fluids for Tunable Bulk Metamaterial Applications[END_REF], [START_REF] Takahashi | Photothermal reshaping of gold nanorods prevents further cell death[END_REF], nanostars [START_REF] Hrelescu | Single gold nanostars enhance Raman scattering[END_REF], [START_REF] Jimenez De Aberasturi | Surface Enhanced Raman Scattering Encoded Gold Nanostars for Multiplexed Cell Discrimination[END_REF] or nanotriangles [START_REF] Scarabelli | Monodisperse Gold Nanotriangles: Size Control, Large-Scale Self-Assembly, and Performance in Surface-Enhanced Raman Scattering[END_REF]. Besides, NPs, due to their small size and higher surface/volume ratio compared to bigger objects, exhibit strong catalytic properties [START_REF] Haruta | Size-and support-dependency in the catalysis of gold[END_REF], [START_REF] Mikami | Catalytic activity of unsupported gold nanoparticles[END_REF]. Hence, all of these properties have led to many uses in therapy [START_REF] Sharifi | Plasmonic gold nanoparticles: Optical manipulation, imaging, drug delivery and therapy[END_REF], [START_REF] Huang | Gold nanoparticles: Optical properties and implementations in cancer diagnosis and photothermal therapy[END_REF], [START_REF] Ghosh | Gold nanoparticles in delivery applications[END_REF]. There are several routes to synthesize gold NPs [START_REF] Griffiths | Atomic Layer Deposition of Gold Metal[END_REF], [START_REF] Dong | Synthesis of Precision Gold Nanoparticles Using Turkevich Method[END_REF]. Most of the solution-phase methods exploit the reduction of an anion [AuCl 4 ] -by a reducing agent in presence of surfactants to gain control over the particles shapes. Among these surfactants, the most commonly used is hexadecyltrimethylammonium bromide (CTAB), which exhibits a strong toxicity on animals as well as plants [START_REF] Mesquita | Gold nanorods induce early embryonic developmental delay and lethality in zebrafish (Danio rerio)[END_REF], [START_REF] Bozich | Surface chemistry, charge and ligand type impact the toxicity of gold nanoparticles to Daphnia magna[END_REF], [START_REF] Liang | Influence of cetyltrimetyl ammonium bromide on nutrient uptake and cell responses of Chlorella vulgaris[END_REF]. Hence, even if several processes to remove the surfactant molecules from the surface of gold NPs have been reported in literature [START_REF] He | The facile removal of CTAB from the surface of gold nanorods[END_REF], a synthesis route without using a surfactant is of great interest. In that context, several research groups have reported green synthesis of gold NPs using plant extracts like Magnolia Kobus [START_REF] Song | Biological synthesis of gold nanoparticles using Magnolia kobus and Diopyros kaki leaf extracts[END_REF], Abelmoschus Esculentus [START_REF] Jayaseelan | Green synthesis of gold nanoparticles using seed aqueous extract of Abelmoschus esculentus and its antifungal activity[END_REF], Lemongrass [START_REF] Shankar | Controlling the Optical Properties of Lemongrass Extract Synthesized Gold Nanotriangles and Potential Application in Infrared-Absorbing Optical Coatings[END_REF] or Aloe Vera [START_REF] Chandran | Synthesis of Gold Nanotriangles and Silver Nanoparticles Using Aloe vera Plant Extract[END_REF]. In this work, gold particles were synthesized using an Aloe Vera leaf extract, following the method described by S. P. Chandran et al [START_REF] Chandran | Synthesis of Gold Nanotriangles and Silver Nanoparticles Using Aloe vera Plant Extract[END_REF]. Due to the fact that the synthesized particles possessed a larger diversity of shapes that the ones previously reported, a particular effort has been made to fully determine the morphologies of the particles, their dimensions and proportions and to analyze the different features visible in the UV-visible absorption spectra of the suspensions containing the particles. We grafted L-Cysteine or 16-mercaptohexadecanoic acid onto the surface of the particles and report that particles functionalized with L-Cysteine show promising optical properties, that have been proven by SERS experiments. Special care has also been taken to eliminate the excess of all reactants at each step of the process.

Materials and methods

Materials

Aloe Vera leaves were purchased from a local market. Tetrachloroauric acid (HAuCl 4 ), 2,2'-Bipyridine and Alexa Fluor 405 were purchased from ThermoFischer (Hydrogen tetrachloroaurate (III) trihydrate ACS 99.99%, metals basis, Au 49.0% min., CAS 16961-25-4, 2,2'-Bipyridine, 99+%, CAS 366-18-7 and Alexa Fluor TM 405 NHS ester (Succinimidyl Ester, catalog n°A30000 respectively). 16-mercaptohexadecanoic acid (MHDA) and L-Cysteine were purchased from Sigma Aldrich (16-mercaptohexadecanoic acid, 90%, CAS 69839-68-5; L-Cysteine, 97%, CAS 52-90-4). Class-1000 cheesecloth wipes were purchased from Fischer Scientific. All the solutions and experiments were done using ultrapure water. Glassware used for all the experiments was washed using Aqua Regia.

Plant extract

One Aloe Vera leaf was washed with ultrapure water, dried, and cut into pieces of around 5 cm 3 . The pieces were put in 800 mL of deionized water during one hour, in order to extract the entire sap. The mixture was then filtered using a cheesecloth wipe so as to keep only the plant extract, which was then heated up during 10 minutes at a temperature of 80°C. The cooled plant extract was used as reducing agent.

Gold particles synthesis

Tetrachloroauric acid (HAuCl 4 ) was used as a gold precursor. A dissolution of HAuCl 4 in ultrapure water was performed to obtain a tetrachloroauric acid aqueous solution at a concentration of 12 mM. One set of synthesis was done by mixing 0.5 mL of the precursor solution with different volumes (0.5-8 mL) of leaf extract and the appropriate amount of ultrapure water to get a total volume of 10 mL. A second set of synthesis was done by a similar way, but starting with a 10-fold diluted leaf extract. The solutions were then stirred at 350 rpm overnight and at room temperature to produce the NPs. In the following text, C 0 is referenced as the lowest concentration of plant extract used for the synthesis (0.5 mL of the tetrachloroauric acid mixed with 0.5 mL of the 10-fold diluted extract and 9 mL of ultrapure water). In order to take the excess of reactants away from the suspensions containing the gold particles at the end of the synthesis, the suspensions were centrifugated at 21100g during 15 min (Thermo Scientific -Heraeus Pico 21 Centrifuge) to allow the sedimentation of the particles at the bottom of the tube. The supernatant was then throw out. The tube was filled with ultrapure water and put under sonication to re-disperse the particles and other present molecules (Vibracell Bioblock Scientific 75115 Sonicator). Then a new centrifugation was done, and so on. The procedure was repeated 8 times. This procedure permits to decrease the optical absorption for wavelengths below 400 nm corresponding to the contribution of the molecules composing the Aloe Vera extract (more details can be found in supplemental file). At the end of the procedure, the particles were dispersed in 1 mL of ultrapure water.

Gold particles functionalization

First, gold particles were functionalized using either 16-mercaptohexadecanoic acid (MHDA) or L-Cysteine (L-Cys). 200 µL of an aqueous solution of 10 mM of MHDA (or L-Cys) were added to 1 mL of the desired cleaned gold particles suspension, followed by cup-horn sonication (Bioblock Scientific, Vibracell 75115 Sonicator) during 30 s at a power of 20 %. The suspension was then gently stirred using a drum carrousel (Fisherbrand™ Multi-Purpose Tube Rotator) rotating at a speed of 30 rpm until the next day. The excess of MHDA or L-Cys was taken away from the suspensions using the same procedure as for the bare gold particles. The centrifugation duration was increased to 60 min to take into account the increased hydrophilic character of the functionalized gold particles. One part of the gold particles grafted with L-Cys was further functionalized using Alexa Fluor 405 NHS (AF405) that linked covalently to the amine group of Cys. The excess of reactants was washed away from suspensions as described in paragraph 2.3.

Characterization

Scanning/transmission electron microscopy (S/TEM) experiments were performed on a probe-corrected Themis Z G3 microscope (Thermo Fisher Scientific) equipped with a High Angle Annular Dark Field (HAADF) detector, a four quadrant annular detector (DF4) dedicated to Differential Phase Contrast (DPC) imaging and a OneView camera. For TEM images recording, the microscope was operated at 300 kV. HAADF-STEM images of the particles were acquired at an acceleration voltage of 80 kV with a beam convergence angle of 20.4 mrad, a collection angle of 50-200 mrad and a camera length of 115 mm. DPC-STEM and HAADF-STEM images of the functionalized particles were obtained using an acceleration voltage of 300 kV, a beam convergence angle of 12.5 mrad, an electron beam-current of 10 pA and a camera length of 360 mm. The DF4 detector collection angle was set to 4-15 mrad and the HAADF collection angle to 16-97 mrad. For DPC imaging, four images used for 2D integration were acquired by the DF4 detector with an optional high-pass filter applied to reduce the low-frequency information in the integrated-DPC (i-DPC) images. Samples were prepared by letting dry a 25 µL drop of a diluted gold particles suspension on a copper grid covered by a holey carbon film. UV-vis-NIR absorption spectra of the suspensions were recorded on a Perkin Elmer LAMBDA 1050 UV/Vis/NIR spectrophotometer. Raman spectra were recorded in the 110-4000 cm -1 range on a Renishaw InVia spectrometer, with a 50x objective. The samples were illuminated by a 633 nm laser line with a maximum power output of 10 mW and a 514 nm laser line with a maximum power output of 15mW. Samples were deposited as 20 µL drops on SiO 2 /Si substrate (SiO 2 thickness of 90 nm) and dried before spectral acquisition. The wide-range data was obtained using Renishaw's Synchroscan method. SERS measurements were performed by putting in contact gold particles with a 2-2'bipyridyne aqueous solution (22BY) at a concentration of 10 -4 M. After dissolution of 22BY crystals in ultrapure water, measurements were systematically performed in the following week, ensuring no degradation of the 22BY. A 20 µL drop of functionalized particles and a 20 µL drop of 22BY at 10 -4 M were deposited on SiO 2 /Si so that the two drops were in contact with each other. All SERS measurements were carried out under the same conditions (633 nm laser line, 20 accumulations of 1 s with a power on sample of 50 µW). All Raman data were analysed with WiRE software and the baselines were subtracted using a third-order polynomial function. Atomic force microscopy (AFM) measurements were performed in air with a commercial instrument (Multimode 8 Nanoscope V, Bruker) operating in PeakForce Tapping Mode with silicon nitride cantilevers (ScanAsyst-Air, Bruker) having a nominal force constant of about 0.4 N/m and resonance frequency of about 70 kHz. Sample preparation consisted of letting dry a 20 µL drop of one suspension onto a freshly cleaved mica surface. To perform Attenuated Total Reflection Fourier Transform Infrared spectroscopy (ATR-FTIR), 10 µL of the Aloe Vera extract were deposited on the Internal Reflection Element (IRE) surface and the water was slowly evaporated under a nitrogen flow. Spectrum was recorded at room temperature on a FTIR Bruker Vertex 70 spectrometer equipped with an ATR stage and a resolution of 2 cm -1 .

Results and discussion

Characterization of bare gold nanoparticles and nanoplatelets

Structures, shapes and dimensions of the gold particles were determined using S/TEM. Figure 1 shows characteristic S/TEM micrographs of bare gold particles synthesized using three different concentrations of plant extract. All particles are crystallized. As expected from the work from S.P. Chandran et al. [START_REF] Chandran | Synthesis of Gold Nanotriangles and Silver Nanoparticles Using Aloe vera Plant Extract[END_REF], platelets with a triangular or hexagonal profile can be seen, but also several other shapes common to gold NPs [START_REF] Xia | Shape-Controlled Synthesis of Metal Nanocrystals: Simple Chemistry Meets Complex Physics?[END_REF], even the Aloe Vera extract we used possesses the same chemical characteristics. ATR-FTIR spectrum of the extract exhibits bands at 1588, around 1710-1725 and 3320 cm -1 (see the spectrum in the supplemental file) characteristics of carboxyl compounds that were identified to participate in the formation of the gold particles. So, there are single-crystallized tetrahedra, mostly truncated, multiply-twinned decahedra and icosahedra, and singly-twinned bipyramids, as well as polycrystals made of the assembly of two or three crystals. The bipyramids have an aspect ratio about 1.5-1.6. To help the reader recognizing the different shapes, some particles are labelled in Figure 1. The particles sizes were measured and the number of particles of a specific shape was estimated by analysing the S/TEM data for each plant extract concentration used during the synthesis (total number of particles analysed: 3645). Figures 2a) and2b) show the average edge lengths of tetrahedra, decahedra and platelets and average distances between two opposite vertices of bipyramids and icosahedra as a function of the plant extract concentration used during the synthesis. Thicknesses of the platelets were also measured on AFM images (data not shown). Average sizes of the particles depend clearly on the amount of plant extract used for the synthesis. The more the concentration of the plant extract is weak, the more the sizes of the particles are high. Average sizes of decahedra and icosahedra are ranging from 16 to roughly 50 nm, those of tetrahedra and bi-pyramids from 30 to roughly 110 nm when the plant extract concentration decreases from 160 C 0 to C 0 . For the same concentration range, average platelet edge lengths increase from 50 to about 1000 nm, whereas their thickness does not change, staying at (12 ± 1) nm. Figure 3 shows the proportion of the different shapes of the particles as a function of the plant extract concentration. We estimate that the error in the determination of these proportions is about 5%. The proportions of the different shapes are plant extract concentration dependent. So, when the reducing agent concentration decreases during the synthesis, the proportion of platelets, bipyramids and tetrahedra increases, whereas the number of polycrystals decreases. Icosahedra are only observed for plant extract concentration higher than 16 C 0 . Decahedra are only present between 16 and 80 C 0 . These observations are in favour of thermodynamic and kinetic contributions during the synthesis [START_REF] Xia | Shape-Controlled Synthesis of Colloidal Metal Nanocrystals: Thermodynamic versus Kinetic Products[END_REF]. Indeed, it has been calculated that shapes originating from multiply-twinned crystals (like decahedra and icosahedra) are less likely to form from a thermodynamics standpoint [START_REF] Xia | Shape-Controlled Synthesis of Metal Nanocrystals: Simple Chemistry Meets Complex Physics?[END_REF]. More specifically, in a simulation study, Baletto et al. have shown that icosahedra are favoured at small sizes and decahedra at intermediate sizes [START_REF] Baletto | Crossover among structural motifs in transition and noble-metal clusters[END_REF]. Our results are in good agreement with this work. So, more icosahedra were produced at 40 C 0 and 80 C 0 whereas decahedra were more formed at 16 and 20 C 0 . It should be noted that for plant extract concentrations higher than 80 C 0 , more than half of the particles are made from two or three crystals growing together (we called them polycrystals). This explains why the proportion of icosahedra doesn't continue to increase at really high concentrations.

The suspensions have different colors due to the plasmonic properties of the gold particles. As can be seen in the insert of Figure 4, a suspension obtained with a plant extract concentration of 80 C 0 is deep blue while one obtained at 40 C 0 has a shade of pink. Optical absorption spectra of several suspensions are presented in Figure 4. Absorption bands and their shapes are directly correlated to the sizes, shapes and proportions of the gold particles present in solution. In detail, the absorption band around 1200 -1300 nm, seen in the spectrum for a plant extract concentration of C 0 , can be attributed to the LSPR of platelets [START_REF] Zhang | A two-step approach to realize sizeand shape-selective separation of crude gold nanotriangles with high purification[END_REF], which have edges in the order of several hundreds of nm. By increasing the plant extract concentration during synthesis, the edge's sizes decrease. As a consequence, LSPR bands are blue-shifted [START_REF] Chandran | Synthesis of Gold Nanotriangles and Silver Nanoparticles Using Aloe vera Plant Extract[END_REF], as illustrated by the dashed line in Figure 4. Platelets with smaller edge sizes exhibit a LSPR band at 640 nm [START_REF] Zhang | A two-step approach to realize sizeand shape-selective separation of crude gold nanotriangles with high purification[END_REF]. Those contribute to the large optical band centred around 560 -570 nm for plant extract concentrations of 20, 40 and 80 C 0 . The absorption of tetrahedra occurs between 620-680 nm for the plant extract concentration of C 0 , according to published studies [START_REF] Scarabelli | Monodisperse Gold Nanotriangles: Size Control, Large-Scale Self-Assembly, and Performance in Surface-Enhanced Raman Scattering[END_REF], [START_REF] Kuttner | Seeded Growth Synthesis of Gold Nanotriangles: Size Control, SAXS Analysis, and SERS Performance[END_REF]. As their sizes decrease, the band shifts towards 590 nm. Bipyramids with aspect ratio of 1.5 -1.6 and decahedra absorb between 500 -600 nm [START_REF] Chateau | From gold nanobipyramids to nanojavelins for a precise tuning of the plasmon resonance to the infrared wavelengths: experimental and theoretical aspects[END_REF], [START_REF] Pastoriza-Santos | Environmental Optical Sensitivity of Gold Nanodecahedra[END_REF], contributing to the absorption band centred at 550, 570 and 560 nm for the plant extract concentrations of C 0 , 20, 40 and 80 C 0 , respectively. Icosahedra and other small nanoparticles, having a diameter of roughly 20 nm, have a LSPR band at wavelengths around 520 and 530 nm [START_REF] Link | Size and Temperature Dependence of the Plasmon Absorption of Colloidal Gold Nanoparticles[END_REF][START_REF] Alvarez | Vibrational properties of gold nanoparticles obtained by green synthesis[END_REF]. The contribution of those particles to the absorption spectra appears as a shoulder on the left side of the absorption bands centred at 560 nm. Finally, the shoulders appearing around 760 nm, 752 nm and 680 nm in the spectra for plant extract concentrations of 20, 40 and 80 C 0 (highlighted by the dotted line in Figure 4) can be attributed to the polycrystals, which are more and more present as the plant extract concentration increases.

Characterization of functionalized gold particles

Gold particles were functionalized using 16-mercaptohexadecanoic acid (MHDA) or L-Cysteine (L-Cys) as described in 2.4. Raman diffusion spectroscopy measurements were performed on functionalized gold particles, with an excitation wavelength of 514 nm. Spectra recorded on aqueous solutions of MHDA, L-Cys or AF405 deposited on silicon can be seen in the supplemental file, as well as spectra recorded on functionalized gold particles. Spectra of gold particles functionalized with MHDA exhibit all Raman peaks of MHDA and an additional band located at 226 cm -1 that can be attributed to Au-S bonds [START_REF] Holze | The adsorption of thiophenol on gold -a spectroelectrochemical study[END_REF]. The presence of the band at 2570 cm -1 shows that there are still S-H bonds present. This indicates that some MHDA molecules are not bound at the surface of the particles. Nevertheless, the behaviour of the suspension after functionalization, at neutral pH, has deeply changed: no particle sedimentation is visible by eyes, even after a week, in contrast to bare particles that sediment in less than two hours. Concerning the functionalized gold particles by L-Cys, the presence of a new Raman band located at 252 cm -1 shows that covalent bonds between gold and sulphur atoms occur [START_REF] Holze | The adsorption of thiophenol on gold -a spectroelectrochemical study[END_REF], while the Raman peak around 2575 cm -1 corresponding to S-H bonds is not visible anymore. More, the vibration modes of C-S bonds, ranging from 678 cm -1 to 620 cm -1 in L-Cys alone, move towards lower Raman shifts (650 to 610 cm -1 ). This is in favour of a covalent grafting of the thiol group of the L-Cys on gold particles. After AF405 functionalization, the Raman spectrum shows also several features characteristics of C-C rings (from 1700 to 1450 cm -1 ), in addition to characteristic features of L-Cys. All functionalized gold particles were characterized by HAADF-STEM, i-DPC-STEM and TEM. i-DPC-STEM technique is of particular interest because it is able to image both light and heavy atoms [START_REF] Yücelen | Phase contrast scanning transmission electron microscopy imaging of light and heavy atoms at the limit of contrast and resolution[END_REF]. Figure 5 shows characteristic HAADF-STEM, i-DPC and TEM images recorded on functionalized particles. One can easily recognize the shapes of the particles previously described in 3.1. In the HAADF-STEM image (Figure 5a)), gold NPs appear in bright, surrounded by a grey layer. In i-DPC-STEM images (Figures 5b, c andd)), gold nanoparticles are made of shades of grey covered by a light grey layer. In TEM micrograph (Figure 5e)), the gold platelet is grey and the other gold NPs are darker due to their bigger thickness. One can see a light grey layer all around the NPs. It is clear that the layer wrapping the NPs corresponds to the grafted molecules and that NPs of all shapes are functionalized. The thickness of the organic layer depends on the molecules grafted: ~8 nm for MHDA and ~4 nm for L-Cys. When Alexa Fluor is present, the layer thickness becomes locally higher (up to 11 nm).

Surface-enhanced Raman spectroscopy (SERS) experiments

Optical properties of the gold NPs and nanoplatelets were investigated using Raman scattering experiments before and after their functionalization. Gold NPs are known for their plasmonic properties leading to a strong enhancement of the electromagnetic field at their vicinity [START_REF] Saha | Gold Nanoparticles in Chemical and Biological Sensing[END_REF]. The main consequence of this effect is the increase of the Raman scattering intensity of the surrounding molecules. Raman measurements have been carried out on the gold NPs and nanoplatelets with 2,2'-Bipyridine (22BY). In order to obtain reliable and reproducible measurements, a homogeneous spatial distribution and a small concentration of NPs and nanoplatelets are mandatory. Besides, bigger NPs tend to induce a higher SERS intensity [START_REF] Boca | The study of Raman enhancement efficiency as function of nanoparticle size and shape[END_REF]. To meet these two requirements, gold NPS and nanoplatelets synthesized using a plant extract concentration of 16 C 0 were used. All measurements were carried out under the same conditions (633 nm laser line, 20 accumulations of 1 s with a power on sample of 50 µW). 22BY molecules at concentrations of 1 M and 10 -4 M were deposited onto a SiO 2 /Si substrate and let dry. The corresponding Raman spectra are shown in Figure 6a). The intense band located at 520.6 cm -1 is attributed to the first order transverse optical (TO) mode of Si from the substrate. All spectra of Figure 6 were normalized using the intensity of this band to facilitate proper comparison and vertically shifted for better visualization. The bands attributed to 22BY are only visible for the higher concentration and are weak in intensity (see Table 1 for attribution). When gold NPs and nanoplatelets were let dry before depositing the 22BY molecules, even with a concentration of 10 -4 M, 22BY bands present an intensity comparable to that of the Si one. An approximate SERS enhancement factor of at least 10 4 can then be estimated from these data. Peaks attribution 766 cm -1 In-plane ring deformation 1022 cm -1 In-plane ring deformation + ring stretching 1059 cm -1 

C-H in-plane deformation + ring stretching and deformation 1163 cm -1 C-H in-plane deformation + ring stretching 1268 cm -1 Ring stretching + C-H in-plane bending 1311 cm -1 C-C inter-ring stretching + ring stretching (C-C, C-N) + C-H in-plane deformation 1490 cm -1 Ring stretching (C-C, C-N) + C-H in-plane deformation 1565 cm -1 Ring stretching (C-C, C-N) + C-H in-plane bending 1595 cm -1 Ring stretching (C-C, C-N) + N-H in-plane deformation

Table 1 : 22BY vibration modes attributed to Raman peaks observed on Figure 6 (based on [START_REF] Brolo | The orientation of 2,2′-bipyridine adsorbed at a SERSactive Au(111) electrode surface[END_REF] and [START_REF] Ould-Moussa | Ab initio and density functional study of the geometrical, electronic and vibrational properties of 2,2′-bipyridine[END_REF]).

To go further, the Raman response of the functionalized NPs and nanoplatelets were investigated and the corresponding spectra are reported in Figure 6b). All spectra exhibit 22BY bands. The Raman signal enhancement is less intense for the NPs and nanoplatelets functionalized by MHDA than the ones functionalized with L-Cys. This can be due to the fact that the thickness of the MHDA layer is higher than the one of the L-Cys, increasing the distance between NPs and lowering the enhancement of the electromagnetic field. As optical properties of gold particles, in particular SERS effects, are dependent on their sizes and shapes [START_REF] Amendola | Surface plasmon resonance in gold nanoparticles: a review[END_REF], it might be necessary to obtain monodisperse populations. This can be achieved using centrifugation techniques [START_REF] Akbulut | Separation of nanoparticles in aqueous multiphase systems through centrifugation[END_REF].

Conclusion

In this work, gold NPs and nanoplatelets were synthesized using Aloe Vera plant extract at different concentrations to generate a large diversity of particles shapes and sizes without additional surfactant. They were successfully functionalized with different organic molecules. Special care has been taken to eliminate the excess of all reactants at each step of the process and a combination of complementary techniques has been used to characterize precisely the bare and functionalized gold NPs and nanoplatelets. Moreover, the functionalized nanoparticles with L-Cysteine showed promising optical properties, that have been proven by SERS experiments.

Figure 1 :

 1 Figure 1: (Top) a) HAADF-STEM images of gold particles synthesized with a 40 C0 concentration of plant extract; Some platelets are labelled with p, truncated tetrahedra with t, decahedra with d, icosahedra with I and polycrystals made from two different seeds with +; (Bottom) Bright-field TEM micrographs of gold particles synthesized using a b) 20 C0 and c) 80 C0 concentration of plant extract.

Figure 2 :

 2 Figure 2: Average sizes of a) bipyramids (b), tetrahedra (t), icosahedra (I) and decahedra (d), b) platelets as a function of the plant extract concentration used during the synthesis. The dashed lines are guides for the eye. The mean standard deviations are also shown.

Figure 3 :

 3 Figure 3: Proportions of different particles shapes with respect to the reducing agent concentration.

Figure 4 :

 4 Figure 4: Optical absorbance spectra of gold particles suspensions obtained with plant extract concentrations of 1, 20, 40 and 80 C0. Dotted and dashed lines are only guides for the eye. Insert: photographies of vials containing gold particles obtained for plant extract concentrations of 80 C0 (left) and 40 C0 (right).

Figure 5 .

 5 Figure 5. S/TEM images recorded on functionalized gold particles obtained initially with a reducing agent concentration of 40 C0. a) HAADF-STEM and b) i-DPC images on same gold NPs functionalized with L-Cys-Alexa Fluor; i-DPC images of functionalized gold NPs with c) L-Cys and d) MHDA; e) TEM image of functionalized gold particles with MHDA.

Figure 6 .

 6 Figure 6. a) Raman spectra of 22BY solutions at 1 M, 10 -4 M, and 10 -4 M with bare gold NPs and nanoplatelets (AuNps). b) Raman spectra of 22BY solutions at 10 -4 M, without AuNPs, and with F-AuNps (MHDA, L-Cys and Cys-Alexa Fluor). The baselines were subtracted using a third-order polynomial function and the spectra normalized on the Si TO mode band at 520.6 cm -1 .
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